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Chapter 1. Introduction

libATA is alibrary used inside the Linux kernel to support ATA host controllers and devices. libATA
providesan ATA driver API, classtransportsfor ATA and ATAPI devices, and SCSI<->ATA trandation
for ATA devices according to the T10 SAT specification.

This Guide documents the libATA driver API, library functions, library internals, and a couple sample
ATA low-level drivers.




Chapter 2. libata Driver API

struct ata_port_operations is defined for every low-level libata hardware driver, and it controls how the
low-level driver interfaces with the ATA and SCSI layers.

FIS-based driverswill hook into the system with ->qc_prep() and ->qc_issue() high-level hooks. Hardware
which behaves in a manner similar to PCI IDE hardware may utilize several generic helpers, defining at
a bare minimum the bus I/O addresses of the ATA shadow register blocks.

struct ata_port_operations
Disable ATA port

void (*port _disable) (struct ata_port *);

Called from ata_bus probe() error path, as well as when unregistering from the SCSI module (rmmod,
hot unplug). This function should do whatever needs to be done to take the port out of use. In most cases,
ata port_disable() can be used as this hook.

Called from ata_bus_probe() on afailed probe. Called from ata_scsi_release().

Post-IDENTIFY device configuration

void (*dev_config) (struct ata port *, struct ata_device *);

Called after IDENTIFY [PACKET] DEVICE is issued to each device found. Typically used to apply
device-specific fixups prior to issue of SET FEATURES - XFER MODE, and prior to operation.

This entry may be specified asNULL in ata_port_operations.

Set PIO/DMA mode

void (*set_pionpode) (struct ata port *, struct ata_device *);

void (*set_dmanode) (struct ata port *, struct ata_device *);

void (*post_set_npde) (struct ata_port *);

unsigned int (*node_filter) (struct ata_port *, struct ata_device *, unsigned int)

Hooks called prior to the issue of SET FEATURES - XFER MODE command. The optiona -
>mode _filter() hook is called when libata has built a mask of the possible modes. Thisis passed to the -
>mode _filter() function which should return amask of valid modes after filtering those unsuitable due to
hardware limits. It is not valid to use this interface to add modes.

dev->pio_mode and dev->dma _mode are guaranteed to be valid when ->set_piomode() and when -
>set_dmamode() iscalled. Thetimingsfor any other drive sharing the cable will also be valid at this point.
That is the library records the decisions for the modes of each drive on a channel before it attempts to
set any of them.
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->post_set mode() is called unconditionally, after the SET FEATURES - XFER MODE command
completes successfully.

->set piomode() is always called (if present), but ->set_dma _mode() isonly called if DMA ispossible.

Taskfile read/write

void (*sff_tf_load) (struct ata port *ap, struct ata taskfile *tf);
void (*sff_tf_read) (struct ata port *ap, struct ata taskfile *tf);

->tf_load() iscalled toload the given taskfileinto hardwareregisters/ DMA buffers. ->tf_read() iscalledto
read the hardware registers/ DMA buffers, to obtain the current set of taskfile register values. Most drivers
for taskfile-based hardware (PIO or MMIO) use ata sff tf load() and ata_sff_tf read() for these hooks.

PIO data read/write

void (*sff_data_xfer) (struct ata_device *, unsigned char *, unsigned int, int);

All bmdma-style drivers must implement this hook. Thisisthelow-level operation that actually copiesthe
data bytes during a PIO data transfer. Typically the driver will choose one of ata sff data xfer_noirq(),
ata_sff_data xfer(), or ata_sff_data xfer32().

ATA command execute

void (*sff_exec_command) (struct ata_port *ap, struct ata_taskfile *tf);

causes an ATA command, previously loaded with ->tf_load(), to be initiated in hardware. Most drivers
for taskfile-based hardware use ata_sff_exec_command() for this hook.

Per-cmd ATAPI DMA capabilities filter

int (*check_atapi_dm) (struct ata_queued_cnd *qc);

Allow low-level driver to filter ATA PACKET commands, returning a status indicating whether or not it
isOK to use DMA for the supplied PACKET command.

This hook may be specified as NULL, in which case libatawill assume that atapi dma can be supported.

Read specific ATA shadow registers

u8 (*sff_check_status)(struct ata_port *ap);
u8 (*sff_check_altstatus)(struct ata_port *ap);
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Reads the Statusg/AltStatus ATA shadow register from hardware. On some hardware, reading the Status
register hasthe side effect of clearing the interrupt condition. Most drivers for taskfile-based hardware use
ata sff _check status() for this hook.

Write specific ATA shadow register

void (*sff_set _devctl)(struct ata port *ap, u8 ctl);

Write the device control ATA shadow register to the hardware. Most drivers don't need to define this.

Select ATA device on bus

void (*sff_dev_select)(struct ata port *ap, unsigned int device);

Issues the low-level hardware command(s) that causes one of N hardware devices to be considered
'selected’ (active and available for use) on the ATA bus. This generally has no meaning on FIS-based
devices.

Most drivers for taskfile-based hardware use ata_sff dev_select() for this hook.

Private tuning method

void (*set_node) (struct ata port *ap);

By default libata performs drive and controller tuning in accordance with the ATA timing rules and also
applies blacklists and cable limits. Some controllers need special handling and have custom tuning rules,
typically raid controllers that use ATA commands but do not actually do drive timing.

Warning

Thishook should not be used to replace the standard controller tuning logic when a controller has
quirks. Replacing the default tuning logic in that case would bypass handling for drive and bridge
quirks that may be important to data reliability. If a controller needsto filter the mode selection
it should use the mode _filter hook instead.

Control PCI IDE BMDMA engine

void (*bndma_setup) (struct ata queued cnd *qc);
void (*bndma_start) (struct ata queued cnd *qc);
void (*bndma_stop) (struct ata_port *ap);

u8 (*bmdna_status) (struct ata_port *ap);

When setting up an IDE BMDMA transaction, these hooks arm (->bmdma_setup), fire (->bmdma_start),

and halt (->bmdma_stop) the hardware's DMA engine. ->bmdma_status is used to read the standard PClI
IDE DMA Status register.




libata Driver APl

These hooks are typically either no-ops, or smply not implemented, in FIS-based drivers.

Most legacy IDE drivers use ata bmdma_setup() for the bmdma_setup() hook. ata_bmdma._setup() will
write the pointer to the PRD table to the IDE PRD Table Address register, enable DMA in the DMA
Command register, and call exec_command() to begin the transfer.

Most legacy IDE driversuseata_bmdma_start() for the bmdma_start() hook. ata_bmdma_start() will write
the ATA_DMA_START flag to the DMA Command register.

Many legacy IDE drivers use ata_bmdma_stop() for the bmdma_stop() hook. ata_bmdma_stop() clears
the ATA_DMA_START flag in the DMA command register.

Many legacy IDE drivers use ata_bmdma_status() as the bmdma_status() hook.

High-level taskfile hooks

void (*qc_prep) (struct ata_queued_cnd *qc);
int (*gc_issue) (struct ata_queued_cnd *qc);

Higher-level hooks, these two hooks can potentially supercede several of the above taskfile/DMA engine
hooks. ->qc_prep is caled after the buffers have been DMA-mapped, and is typically used to populate
the hardware's DM A scatter-gather table. Most drivers use the standard ata__qc_prep() hel per function, but
more advanced driversroll their own.

->(c_issueis used to make acommand active, once the hardware and S/G tables have been prepared. IDE
BMDMA drivers use the helper function ata_qc_issue prot() for taskfile protocol-based dispatch. More
advanced drivers implement their own ->qc_issue.

ata_qc_issue prot() calls ->tf_load(), ->bmdma_setup(), and ->bmdma_start() as necessary to initiate a
transfer.

Exception and probe handling (EH)

void (*eng_ tineout) (struct ata port *ap);
void (*phy_reset) (struct ata_port *ap);

Deprecated. Use ->error_handler() instead.

void (*freeze) (struct ata_port *ap);
void (*thaw) (struct ata_port *ap);

ata port_freeze() is called when HSM violations or some other condition disrupts normal operation of the
port. A frozen port is not allowed to perform any operation until the port isthawed, which usually follows
a successful reset.

The optional ->freeze() callback can be used for freezing the port hardware-wise (e.g. mask interrupt and
stop DMA engine). If a port cannot be frozen hardware-wise, the interrupt handler must ack and clear
interrupts unconditionally while the port is frozen.
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The optional ->thaw() callback is called to perform the opposite of ->freeze(): prepare the port for normal
operation once again. Unmask interrupts, start DMA engine, etc.

void (*error_handler) (struct ata_port *ap);

->error_handler() is a driver's hook into probe, hotplug, and recovery and other exceptional conditions.
The primary responsibility of an implementation isto call ata do_eh() or ata_bmdma_drive _eh() with a
set of EH hooks as arguments:

‘prereset’ hook (may be NULL) is called during an EH reset, before any other actions are taken.

'postreset’ hook (may be NULL) is called after the EH reset is performed. Based on existing conditions,
severity of the problem, and hardware capabilities,

Either 'softreset' (may be NULL) or 'hardreset' (may be NULL) will be caled to perform the low-level
EH reset.

void (*post_internal _cnd) (struct ata_queued_cnd *qc);

Perform any hardware-specific actions necessary to finish processing after executing a probe-time or EH-
time command via ata_exec_internal ().

Hardware interrupt handling

irqreturn_t (*irg_handler)(int, void *, struct pt_regs *);
void (*irg_clear) (struct ata_port *);

->irgq_handler is the interrupt handling routine registered with the system, by libata. ->irq_clear is called
during probe just before the interrupt handler is registered, to be sure hardware is quiet.

The second argument, dev_instance, should be cast to a pointer to struct ata_host_set.

Most legacy IDE drivers use ata sff_interrupt() for the irq_handler hook, which scans all ports in the
host_set, determines which queued command was active (if any), and calls ata_sff _host_intr(ap,qc).

Most legacy IDE drivers use ata_ sff_irq_clear() for theirq_clear() hook, which simply clearsthe interrupt
and error flagsin the DMA status register.

SATA phy read/write

int (*scr_read) (struct ata port *ap, unsigned int sc_reg,
u32 *val);
int (*scr_wite) (struct ata port *ap, unsigned int sc_reg,
u32 val);

Read and write standard SATA phy registers. Currently only used if ->phy reset hook called the
sata phy reset() helper function. sc_reg is one of SCR_STATUS, SCR_CONTROL, SCR_ERROR, or
SCR_ACTIVE.
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Init and shutdown

int (*port_start) (struct ata_port *ap);
void (*port_stop) (struct ata_port *ap);
void (*host_stop) (struct ata_host_set *host_set);

->port_start() is called just after the data structures for each port are initialized. Typically thisis used to
alloc per-port DMA buffers/ tables/ rings, enable DMA engines, and similar tasks. Some drivers also use
this entry point as a chance to allocate driver-private memory for ap->private data.

Many driversuse ataport_start() asthishook or call it from their own port_start() hooks. ata port_start()
allocates space for alegacy IDE PRD table and returns.

->port_stop() iscalled after ->host_stop(). Its solefunctionisto release DMA/memory resources, now that
they are no longer actively being used. Many drivers also free driver-private data from port at thistime.

->host_stop() is called after al ->port_stop() calls have completed. The hook must finalize hardware
shutdown, release DMA and other resources, etc. This hook may be specified as NULL, in which case
itisnot called.




Chapter 3. Error handling

This chapter describes how errors are handled under libata. Readers are advised to read SCSI EH
(Documentation/scsi/scsi_eh.txt) and ATA exceptions doc first.

Origins of commands

In libata, a command is represented with struct ata_queued_cmd or gc. qc's are preallocated during port
initialization and repetitively used for command executions. Currently only one qc is allocated per port
but yet-to-be-merged NCQ branch allocates one for each tag and maps each qc to NCQ tag 1-to-1.

libatacommands can originatefrom two sources- libataitself and SCSI midlayer. libatainternal commands
are used for initialization and error handling. All normal blk requests and commands for SCSI emulation
are passed as SCSI commands through queuecommand callback of SCSI host templ ate.

How commands are issued

Internal commands

SCSI commands

First, gc is alocated and initialized using ata gc_new_init(). Although
ata_gc_new_init() doesn't implement any wait or retry mechanism when
gc is not available, internal commands are currently issued only during
initialization and error recovery, so no other command is active and allocation
is guaranteed to succeed.

Once alocated qc's taskfile is initiaized for the command to be executed.
gc currently has two mechanisms to notify completion. One is via qc-
>complete fn() callback and the other is completion qc->waiting. qc-
>complete fn() callback is the asynchronous path used by norma SCSI
translated commands and qgc->waiting is the synchronous (issuer sleeps in
process context) path used by internal commands.

Onceinitialization is complete, host_set lock is acquired and the gc isissued.

All libata drivers use ata scsi_queuecmd() as hostt->queuecommand
callback. scmds can either be simulated or trandated. No qc is involved in
processing asimulated scmd. The result is computed right away and the scmd
is completed.

For a translated scmd, ata gc_new_init() is invoked to alocate a qc and
the scmd is trandlated into the gc. SCSI midlayer's completion notification
function pointer is stored into gc->scsidone.

gc->complete fn() callback is used for completion notification. ATA
commands use ata scsi_gc_complete() while ATAPI commands use
atapi_qc_complete(). Both functions end up calling gc->scsidone to notify
upper layer when the gc is finished. After trandation is completed, the qc is
issued with ata_qc_issue().

Note that SCSI midlayer invokes hostt->queuecommand while holding
host_set lock, so all above occur while holding host_set lock.
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How commands are processed

Depending on which protocol and which controller are used, commands are processed differently. For the
purpose of discussion, a controller which uses taskfile interface and all standard callbacks is assumed.

Currently 6 ATA command protocols are used. They can be sorted into the following four categories
according to how they are processed.

ATA NO DATA or DMA

ATA PIO

ATAPI NODATA or DMA

ATAPI PIO

ATA_PROT_NODATA and ATA_PROT_DMA fall into this category.
These types of commands don't require any software intervention once
issued. Device will raise interrupt on completion.

ATA_PROT_PIOisinthiscategory. libata currently implements PIO with
polling. ATA_NIEN bit is set to turn off interrupt and pio_task on ata wq
performs polling and 10.

ATA_PROT_ATAPI_NODATA and ATA_PROT_ATAPI_DMA arein
this category. packet task is used to poll BSY hit after issuing PACKET
command. Once BSY is turned off by the device, packet task transfers
CDB and hands off processing to interrupt handler.

ATA_PROT_ATAPI is in this category. ATA_NIEN bit is set and, as
in ATAPI NODATA or DMA, packet_task submits cdb. However, after
submitting cdb, further processing (datatransfer) is handed off to pio_task.

How commands are completed

Once issued, al qc's are either completed with ata_qc_complete() or time out. For commands which are
handled by interrupts, ata_host_intr() invokes ata_gc_complete(), and, for PIO tasks, pio_task invokes
ata_gc_complete(). In error cases, packet_task may also complete commands.

ata_gc_complete() does the following.

1. DMA memory is unmapped.

2. ATA_QCFLAG_ACTIVE iscleared from gc->flags.

3. gc->complete fn() callback is invoked. If the return value of the callback is not zero. Completion is
short circuited and ata_gc_complete() returns.

4. _ata qc_complete() is called, which does

a. qc->flagsis cleared to zero.

b. ap->active tag and qc->tag are poisoned.

C. gc->waiting iscleared & completed (in that order).

d. qcisdeallocated by clearing appropriate bit in ap->gactive.

So, it basically notifies upper layer and deallocates gc. One exception is short-circuit path in #3 which is

used by atapi_gc_complete().

For al non-ATAPI commands, whether it fails or not, amost the same code path is taken and very
little error handling takes place. A qc is completed with success status if it succeeded, with failed status

otherwise.




Error handling

However, failed ATAPI commands require more handling as REQUEST SENSE is needed to acquire
sense data. If an ATAPI command fails, ata gc_complete() is invoked with error status, which in turn
invokes atapi_qc_complete() via gc->complete fn() callback.

This makes atapi_gc_complete() set scmd->result to SAM_STAT_CHECK_CONDITION, complete the
scmd and return 1. Asthe sense data is empty but scmd->result is CHECK CONDITION, SCSI midlayer
will invoke EH for the scmd, and returning 1 makes ata_qc_complete() to return without deall ocating the
gc. Thisleads usto ata_scsi_error() with partially completed qc.

ata scsi_error()

ata scsi_error() is the current transportt->eh_strategy handler() for libata. As discussed above, this will
be entered in two cases - timeout and ATAPI error completion. Thisfunction callslow level libatadriver's
eng_timeout() callback, the standard callback for which is ata_eng_timeout(). It checks if aqc is active
and callsata gc_timeout() on the qc if so. Actual error handling occursin ata_qc_timeout().

If EH isinvoked for timeout, ata_qc_timeout() stops BMDMA and completes the qc. Note that as we're
currently in EH, we cannot call scsi_done. Asdescribedin SCSI EH doc, arecovered scmd should be either
retried with scsi_queue_insert() or finished with scsi_finish_command(). Here, we override qc->scsidone
with scsi_finish_command() and calls ata_qc_complete().

If EH isinvoked due to a failed ATAPI qc, the gc here is completed but not deallocated. The purpose
of this half-completion is to use the qc as place holder to make EH code reach this place. This is a bit
hackish, but it works.

Oncecontrol reacheshere, the qcisdeallocated by invoking __ata gc_complete() explicitly. Then, internal
gc for REQUEST SENSE is issued. Once sense data is acquired, scmd is finished by directly invoking
scsi_finish_command() on the scmd. Note that aswe already have completed and deall ocated the gc which
was associated with the scmd, we don't need to/cannot call ata_gc_complete() again.

Problems with the current EH

 Error representation is too crude. Currently any and all error conditions are represented with ATA
STATUSand ERROR registers. Errorswhich aren't ATA deviceerrorsaretreated asATA deviceerrors
by setting ATA_ERR bit. Better error descriptor which can properly represent ATA and other errors/
exceptions is needed.

* When handling timeouts, no action is taken to make device forget about the timed out command and
ready for new commands.

* EH handling via ata scsi_error() is not properly protected from usual command processing. On EH
entrance, the device is not in quiescent state. Timed out commands may succeed or fail any time.
pio_task and atapi_task may still be running.

» Too weak error recovery. Devices / controllers causing HSM mismatch errors and other errors quite
often require reset to return to known state. Also, advanced error handling is necessary to support
features like NCQ and hotplug.

» ATA errorsaredirectly handled in the interrupt handler and PIO errorsin pio_task. Thisis problematic
for advanced error handling for the following reasons.

First, advanced error handling often requires context and internal gc execution.

Second, even asimple failure (say, CRC error) needs information gathering and could trigger complex
error handling (say, resetting & reconfiguring). Having multiple code paths to gather information, enter
EH and trigger actions makes life painful.

10



Error handling

Third, scattered EH code makes implementing low level drivers difficult. Low level drivers override
libata callbacks. If EH is scattered over several places, each affected callbacks should perform its part
of error handling. This can be error prone and painful.

11



Chapter 4. libata Library
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libata Library

Name

ata link_next — link iteration helper
Synopsis

struct ata_link * ata_|link_next (struct ata_link * Iink, struct ata_port
* ap, enumata_link_iter_npode node);

Arguments

I i nk thepreviouslink, NULL to start
ap ATA port containing links to iterate

node iteration mode, one of ATA LITER *

LOCKING

Host lock or EH context.

RETURNS

Pointer to the next link.
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libata Library

Name

ata_dev_next — device iteration helper
Synopsis

struct ata _device * ata_dev_next (struct ata_device * dev,
ata link * link, enum ata_dev_iter_node node);

Arguments

dev  thepreviousdevice, NULL to start
i nk ATA link containing devicesto iterate

node iteration mode, one of ATA_DITER *

LOCKING

Host lock or EH context.

RETURNS

Pointer to the next device.

struct
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libata Library

Name
atapi_cmd_type — Determine ATAPI command type from SCSI opcode

Synopsis
int atapi_cnd_type (u8 opcode);

Arguments

opcode SCSI opcode

Description

Determine ATAPI command type from opcode.

LOCKING

None.

RETURNS

ATAPI_{ READ|WRITEJREAD_CD|PASS THRU|MISC}
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libata Library

Name
ata tf to fis— Convert ATA taskfileto SATA FIS structure
Synopsis
void ata_tf_to fis (const struct ata_taskfile * tf, u8 pnp, int is_cnd,
ug8 * fis);
Arguments
tf Taskfile to convert
prp Port multiplier port

is_cmd ThisFISisfor command

fis Buffer into which datawill output

Description

Converts astandard ATA taskfileto a Serial ATA FIS structure (Register - Host to Device).

LOCKING

Inherited from caller.
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libata Library

Name
ata tf from fis— Convert SATA FISto ATA taskfile

Synopsis
void ata_tf _fromfis (const u8 * fis, struct ata_taskfile * tf);

Arguments

fi s Buffer from which datawill be input

tf Taskfile to output

Description

Convertsaseria ATA FIS structure to astandard ATA taskfile.

LOCKING

Inherited from caller.
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libata Library

Name

ata_pack xfermask — Pack pio, mwdma and udma masksinto xfer_mask
Synopsis

unsi gned | ong ata_pack xfermask (unsigned | ong pio_mask, unsigned | ong
mvdme_mask, unsi gned | ong udma_nask) ;

Arguments
pi 0o_mask pio_mask
mvma_rmask  mwdma_mask
udma_mask  udma mask

Description

Pack pi o_nmask, mdna_nask and udnma_nask into asingle unsigned int xfer_mask.

LOCKING

None.

RETURNS

Packed xfer_mask.
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libata Library

Name

ata_unpack_xfermask — Unpack xfer_mask into pio, mwdma and udma masks

Synopsis

void ata_unpack_xfermask (unsigned |ong xfer_mask, unsigned |ong
pi o_mask, unsigned |ong * mmnma_mask, unsigned | ong * udma_mask);

*

Arguments

xfer _mask  xfer_mask to unpack
pi o_mask resulting pio_mask
mvdme_mask  resulting mwdma_mask

udma_nask  resulting udma _mask

Description

Unpack xf er _mask into pi o_mask, mmdma_mask and udma_nmask. Any NULL distination masks
will beignored.
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libata Library

Name
ata xfer_mask2mode — Find matching XFER_* for the given xfer_mask

Synopsis
u8 ata_xfer_mask2nmode (unsigned | ong xfer_mask);

Arguments

xfer_mask xfer_mask of interest

Description

Return matching XFER_* value for xf er _mask. Only the highest bit of xf er _nmask is considered.

LOCKING

None.

RETURNS

Matching XFER_* value, Oxff if no match found.
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libata Library

Name
ata xfer_mode2mask — Find matching xfer_mask for XFER_*

Synopsis
unsi gned | ong ata_xfer_node2mask (u8 xfer_node);

Arguments

xfer _mode XFER * of interest

Description

Return matching xfer_mask for xf er _node.

LOCKING

None.

RETURNS

Matching xfer_mask, 0 if no match found.
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libata Library

Name
ata xfer_mode2shift — Find matching xfer_shift for XFER_*

Synopsis
int ata_xfer_node2shift (unsigned | ong xfer_node);

Arguments

xfer _mode XFER * of interest

Description

Return matching xfer_shift for xf er _node.

LOCKING

None.

RETURNS

Matching xfer_shift, -1 if no match found.
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libata Library

Name

ata_ mode_string — convert xfer_mask to string
Synopsis
const char * ata node_string (unsigned | ong xfer_mask);

Arguments

xfer _mask mask of bits supported; only highest bit counts.

Description

Determine string which represents the highest speed (highest bit in nrodenask).

LOCKING

None.

RETURNS

Constant C string representing highest speed listed in node_nask, or the constant C string “<n/a>".
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libata Library

Name
ata_dev_classify — determine device type based on ATA-spec signature

Synopsis
unsigned int ata_dev_classify (const struct ata_taskfile * tf);

Arguments

tf ATA taskfileregister set for deviceto beidentified

Description

Determine from taskfile register contents whether a device is ATA or ATAPI, as per “Signhature and
persistence” section of ATA/PI spec (volume 1, sect 5.14).

LOCKING

None.

RETURNS

Device type, ATA DEV_ATA, ATA DEV_ATAPI, ATA DEV_PMP, ATA DEV_ZAC, or
ATA DEV_UNKNOWN the event of failure.
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libata Library

Name
ata_id_string — Convert IDENTIFY DEVICE page into string

Synopsis

void ata id_string (const ul6é * id, unsigned char * s, unsigned int
of s, unsigned int |en);

Arguments

id IDENTIFY DEVICE results we will examine
S string into which datais output
of s offset into identify device page

| en length of string to return. must be an even number.

Description

The stringsinthe IDENTIFY DEVICE page are broken up into 16-bit chunks. Run through the string, and
output each 8-bit chunk linearly, regardless of platform.

LOCKING

caler.
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libata Library

Name
ata_id_c_string — Convert IDENTIFY DEVICE pageinto C string

Synopsis

void ata_id_c_string (const ul6é * id, unsigned char * s, unsigned int
of s, unsigned int |en);

Arguments

id IDENTIFY DEVICE results we will examine
S string into which datais output
of s offset into identify device page

| en length of string to return. must be an odd number.

Description

This function isidentical to ata_id_string except that it trims trailing spaces and terminates the resulting
string with null. | en must be actual maximum length (even number) + 1.

LOCKING

caler.
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libata Library

Name
ata_id_xfermask — Compute xfermask from the given IDENTIFY data
Synopsis
unsi gned long ata_id_xfermask (const ul6 * id);
Arguments
i d IDENTIFY datato compute xfer mask from
Description
Compute the xfermask for this device. Thisis not astrivial asit seemsif we must consider early devices
correctly.
FIXME
pre IDE drive timing (do we care ?).
LOCKING
None.
RETURNS
Computed xfermask
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libata Library

Name
ata_pio_need_iordy — check if iordy needed
Synopsis
unsigned int ata_pio_need_iordy (const struct ata_device * adev);
Arguments
adev ATA device
Description

Check if the current speed of the device requires IORDY. Used by various controllers for chip
configuration.
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libata Library

Name
ata do dev read id — default ID read method
Synopsis
unsigned int ata_do _dev_read_id (struct ata device * dev, struct
ata_taskfile * tf, ul6é * id);
Arguments
dev device
tf proposed taskfile
id databuffer
Description

Issue the identify taskfile and hand back the buffer containing identify data. For some RAID controllers
and for pre ATA devices this function is wrapped or replaced by the driver

29



libata Library

Name
ata_cable_40wire — return 40 wire cable type

Synopsis
int ata _cable_40wire (struct ata_port * ap);

Arguments

ap port

Description

Helper method for drivers which want to hardwire 40 wire cable detection.

30



libata Library

Name
ata_cable 80wire — return 80 wire cable type

Synopsis
int ata _cable_80wire (struct ata_port * ap);

Arguments

ap port

Description

Helper method for drivers which want to hardwire 80 wire cable detection.
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libata Library

Name

ata _cable_unknown — return unknown PATA cable.
Synopsis
int ata_cabl e_unknown (struct ata_port * ap);

Arguments

ap port

Description

Helper method for drivers which have no PATA cable detection.
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libata Library

Name
ata cable ignore — return ignored PATA cable.

Synopsis
int ata_cable_ignore (struct ata_port * ap);

Arguments

ap port

Description

Helper method for drivers which don't use cable type to limit transfer mode.
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libata Library

Name
ata cable sata— return SATA cabletype

Synopsis
int ata_cable_sata (struct ata_port * ap);

Arguments

ap port

Description

Helper method for drivers which have SATA cables




libata Library

Name

ata_dev_pair — return other device on cable

Synopsis

struct ata device * ata_dev_pair (struct ata_device * adev);

Arguments

adev device

Description

Obtain the other device on the same cable, or if noneis present NULL isreturned
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libata Library

Name
sata set spd — set SATA spd according to spd limit

Synopsis
int sata_set_spd (struct ata_ link * |ink);
Arguments

link Linktoset SATA spdfor

Description

Set SATA spd of | i nk according to sata_spd_limit.

LOCKING

Inherited from caller.

RETURNS

0 if spd doesn't need to be changed, 1 if spd has been changed. Negative errno if SCR registers are
inaccessible.
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libata Library

Name

ata_timing_cycle2mode — find xfer mode for the specified cycle duration
Synopsis

u8 ata_timng_cycle2node (unsigned int xfer_shift, int cycle);
Arguments

xfer_shift ATA_SHIFT_* valuefor transfer type to examine.

cycle cycledurationin ns
Description

Return matching xfer mode for cycl e. The returned mode is of the transfer type specified by
xfer_shift.If cycl e istoo slow for xf er _shi ft, Oxff is returned. If cycl e is faster than the
fastest known mode, the fasted mode is returned.

LOCKING

None.

RETURNS

Matching xfer_mode, Oxff if no match found.
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libata Library

Name
ata_do_set_mode — Program timings and issue SET FEATURES - XFER
Synopsis
int ata do_set _node (struct ata_link * Ilink, struct ata_device **

r failed_dev);

Arguments
[ink link on which timings will be programmed
r_fail ed_dev outparameter for failed device
Description
Standard implementation of the function used to tune and set ATA device disk transfer mode

(PIO3, UDMAG, etc.). If at a_dev_set node fails, pointer to the failing device is returned in
r failed dev.

LOCKING

PCl/etc. bus probe sem.

RETURNS

0 on success, hegative errno otherwise
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libata Library

Name
ata wait_after_reset — wait for link to become ready after reset
Synopsis
int ata wait_after_reset (struct ata_link * [|ink, unsigned

deadl i ne, int (*check ready) (struct ata_link *link));

Arguments
i nk link to be waited on
deadl i ne deadline jiffies for the operation

check_ready calback to check link readiness

Description

Wait for | i nk to become ready after reset.

LOCKING

EH context.

RETURNS

0if i nke isready beforedeadl i ne; otherwise, -errno.

| ong
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libata Library

Name
sata link_debounce — debounce SATA phy status

Synopsis

int sata_link_debounce (struct ata_link * link, const unsigned long *
par ams, unsigned | ong deadline);

Arguments
[ink ATA link to debounce SATA phy status for
par ams timing parameters{ interval, duratinon, timeout } in msec

deadl i ne deadlinejiffiesfor the operation

Description

Make sure SStatus of | i nk reaches stable state, determined by holding the same value where DET is not
1for duration polled every i nt erval , beforet i neout . Timeout constraints the beginning of the
stable state. Because DET gets stuck at 1 on some controllers after hot unplugging, this functions waits
until timeout then returns 0 if DET is stable at 1.

t i meout isfurther limited by deadl i ne. The sooner of the two is used.

LOCKING

Kernel thread context (may sleep)

RETURNS

0 on success, -errno on failure.
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libata Library

Name

sata link_resume — resume SATA link
Synopsis

int sata_link_resume (struct ata link * link, const unsigned long *
par ams, unsigned | ong deadline);

Arguments
i nk ATA link to resume SATA
par ams timing parameters{ interval, duratinon, timeout } in msec

deadl i ne deadlinejiffiesfor the operation

Description

Resume SATA phy | i nk and debounceit.

LOCKING

Kernel thread context (may sleep)

RETURNS

0 on success, -errno on failure.
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libata Library

Name
sata link_scr_Ipm — manipulate SControl |PM and SPM fields
Synopsis
int sata link_scr_Ipm (struct ata link * link, enum ata_|pmpolicy

policy, bool spm wakeup);

Arguments

[ink ATA link to manipulate SControl for
policy LPM policy to configure
spm wakeup initiate LPM transition to active state
Description
Manipulate the IPM field of the SControl register of | i nk according to policy. If policy is

ATA LPM_MAX POWER and spm wakeup ist r ue, the SPM field is manipulated to wake up the
link. Thisfunction also clears PHYRDY _CHG before returning.

LOCKING

EH context.

RETURNS

0 on success, -errno otherwise.
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libata Library

Name
ata std_prereset — prepare for reset

Synopsis

int ata std _prereset (struct ata_link * |ink, unsigned | ong deadline);
Arguments

i nk ATA link to be reset

deadl i ne deadlinejiffiesfor the operation
Description

I i nk isabout to bereset. Initialize it. Failure from prereset makes libata abort whole reset sequence and

give up that port, so prereset should be best-effort. It doesits best to prepare for reset sequence but if things
go wrong, it should just whine, not fail.

LOCKING

Kernel thread context (may sleep)

RETURNS

0 on success, -errno otherwise.
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libata Library

Name
sata link_hardreset — reset link via SATA phy reset

Synopsis

int sata link_hardreset (struct ata_link * link, const unsigned |ong
* timng, unsigned |ong deadline, bool * online, int (*check_ready)
(struct ata_link *));

Arguments
i nk link to reset
timng timing parameters { interval, duratinon, timeout } in msec
deadl i ne deadline jiffies for the operation
online optional out parameter indicating link onlineness

check_ready optional callback to check link readiness

Description
SATA phy-reset | i nk using DET bits of SControl register. After hardreset, link readiness is waited

upon using at a_wai t _ready if check_ready is specified. LLDs are allowed to not specify
check_r eady and wait itself after this function returns. Device classification is LLD's responsibility.

*onl i ne isset to oneiff reset succeeded and | i nk isonline after reset.

LOCKING

Kernel thread context (may sleep)

RETURNS

0 on success, -errno otherwise.




libata Library

Name
sata std_hardreset — COMRESET w/o waiting or classification

Synopsis

int sata_std_hardreset (struct ata_link * link, unsigned int * class,
unsi gned | ong deadl i ne);

Arguments
i nk link to reset
cl ass resulting class of attached device

deadl i ne deadlinejiffiesfor the operation

Description

Standard SATA COMRESET w/o waiting or classification.

LOCKING

Kernel thread context (may sleep)

RETURNS

Oif link offline, -EAGAIN if link online, -errno on errors.
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libata Library

Name
ata std _postreset — standard postreset callback

Synopsis

void ata_std_postreset (struct ata_link * |ink, unsigned int * classes);
Arguments

[ink the target ata link

cl asses classesof attached devices

Description

This function is invoked after a successful reset. Note that the device might have been reset more than
once using different reset methods before postreset is invoked.

LOCKING

Kernel thread context (may sleep)
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libata Library

Name
ata dev_set feature— Issue SET FEATURES - SATA FEATURES

Synopsis

unsigned int ata_dev_set feature (struct ata_device * dev, u8 enable,
u8 feature);

Arguments

dev Device to which command will be sent

enabl e  Whether to enable or disable the feature

feature Thesector count represents the feature to set
Description

Issue SET FEATURES - SATA FEATURES command to device dev on port ap with sector count

LOCKING

PCl/etc. bus probe sem.

RETURNS

0 on success, AC_ERR_* mask otherwise.
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libata Library

Name
ata std_qc_defer — Check whether a gc needs to be deferred

Synopsis
int ata_std_qc_defer (struct ata_queued_cnd * qc);

Arguments

gc ATA command in question

Description
Non-NCQ commands cannot run with any other command, NCQ or not. As upper layer only knows the

gueue depth, we are responsible for maintaining exclusion. Thisfunction checks whether anew command
gc can beissued.

LOCKING

spin_lock_irgsave(host lock)

RETURNS

ATA_DEFER * if deferring is needed, O otherwise.
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libata Library

Name

ata sg_init — Associate command with scatter-gather table.
Synopsis

void ata_sg init (struct ata _queued_cnd * gc, struct scatterlist * sg,
unsigned int n_elen);

Arguments
qc Command to be associated
sg Scatter-gather table.

n_el em Number of elementsin /g table.

Description

Initialize the data-related elements of queued_cmd qc to point to a scatter-gather table sg, containing
n_el emelements.

LOCKING

spin_lock_irgsave(host lock)
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libata Library

Name

ata_gc_complete — Complete an active ATA command
Synopsis
void ata_gc_conmplete (struct ata_queued_cnd * qc);

Arguments

gc Command to complete

Description

Indicate to the mid and upper layers that an ATA command has completed, with either an ok or not-ok
status.

Refrain from calling this function multiple times when successfully completing multiple NCQ commands.
ata_qc_conpl ete_mul ti pl e should be used instead, which will properly update IRQ expect state.

LOCKING

spin_lock_irgsave(host lock)
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libata Library

Name

ata_gc_complete_multiple — Complete multiple gcs successfully
Synopsis
int ata_gc_conplete nultiple (struct ata_port * ap, u32 qc_active);
Arguments
ap port in question
gc_active new qc_active mask
Description
Completein-flight commands. Thisfunctionsis meant to be called from low-level driver'sinterrupt routine
to completerequestsnormally. ap->qc_activeandqc_act i ve iscompared and commands are completed
accordingly.

Always use this function when compl eting multiple NCQ commands from |RQ handlersinstead of calling
at a_qc_conpl et e multiple timesto keep IRQ expect status properly in sync.

LOCKING

spin_lock_irgsave(host lock)

RETURNS

Number of completed commands on success, -errno otherwise.
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libata Library

Name

sata scr_valid — test whether SCRs are accessible
Synopsis

int sata_scr_valid (struct ata_link * l|ink);
Arguments

[ink ATA link to test SCR accessibility for
Description

Test whether SCRs are accessiblefor | i nk.
LOCKING

None.
RETURNS

1if SCRsare accessible, 0 otherwise.
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libata Library

Name
sata scr_read — read SCR register of the specified port

Synopsis
int sata_scr_read (struct ata_link * link, int reg, u32 * val);

Arguments

i nk ATA link to read SCR for
reg SCRtoread

val Place to store read value

Description

Read SCR register r eg of | i nk into *val . Thisfunction is guaranteed to succeed if | i nk isap->link,
the cable type of the port is SATA and the port implements ->scr_read.

LOCKING

Noneif | i nk isap->link. Kernel thread context otherwise.

RETURNS

0 on success, negative errno on failure.
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libata Library

Name
sata scr_write — write SCR register of the specified port

Synopsis
int sata_scr_wite (struct ata_link * link, int reg, u32 val);

Arguments

i nk ATA link to write SCR for
reg SCRtowrite

val value to write

Description

Writeval to SCRregister r eg of | i nk. Thisfunction is guaranteed to succeed if | i nk isap->link, the
cable type of the port is SATA and the port implements ->scr_read.

LOCKING

Noneif | i nk isap->link. Kernel thread context otherwise.

RETURNS

0 on success, negative errno on failure.




libata Library

Name
sata scr_write flush — write SCR register of the specified port and flush

Synopsis
int sata_scr_wite flush (struct ata_link * link, int reg, u32 val);

Arguments

i nk ATA link to write SCR for
reg SCRtowrite

val value to write

Description

Thisfunction isidentical tosat a_scr_wri t e except that this function performs flush after writing to
the register.

LOCKING

Noneif | i nk isap->link. Kernel thread context otherwise.

RETURNS

0 on success, negative errno on failure.
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libata Library

Name

ata link_online — test whether the given link isonline
Synopsis
bool ata_link_online (struct ata_ link * link);

Arguments

i nk ATA link to test

Description
Test whether | i nk isonline. Thisisidentical toat a_phys_| i nk_onl i ne whenthere'sno slavelink.

When there's a dlave link, this function should only be called on the master link and will return true if
any of M/Slinksisonline.

LOCKING

None.

RETURNS

Trueif the port online statusis available and online.
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Name
ata link_offline— test whether the given link is offline

Synopsis
bool ata_link offline (struct ata link * |ink);

Arguments

i nk ATA link to test

Description
Test whether | i nk is offline. Thisisidentical to at a_phys_| i nk_of f| i ne when there's no slave

link. When there's a dlave link, this function should only be called on the master link and will return true
if both M/S links are offline.

LOCKING

None.

RETURNS

Trueif the port offline status is available and offline.
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Name
ata_host_suspend — suspend host
Synopsis
int ata_host_suspend (struct ata_host * host, pmnessage_t mesg);
Arguments
host host to suspend
mesg PM message
Description

Suspend host . Actual operation is performed by port suspend.
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Name
ata_host_resume — resume host
Synopsis
voi d ata_host _resume (struct ata_host * host);
Arguments
host host to resume
Description

Resume host . Actua operation is performed by port resume.
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Name

ata host_alloc — allocate and init basic ATA host resources
Synopsis
struct ata_host * ata _host_alloc (struct device * dev, int max_ports);

Arguments

dev generic device this host is associated with

max_ports maximum number of ATA ports associated with this host

Description

Allocate and initialize basic ATA host resources. LLD calls this function to allocate a host, initidlizes it
fully and attaches it using at a_host _regi st er.

max_port s portsare allocated and host->n_portsisinitialized to max_port s. Thecaller isallowed to
decrease host->n_ports before calling at a_host _r egi st er. The unused ports will be automatically
freed on registration.

RETURNS

Allocate ATA host on success, NULL on failure.

LOCKING

Inherited from calling layer (may sleep).
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Name
ata_host_alloc_pinfo — alloc host and init with port_info array
Synopsis
struct ata _host * ata_host_alloc_pinfo (struct device * dev, const
struct ata_port_info *const * ppi, int n_ports);
Arguments
dev generic device this host is associated with
ppi array of ATA port_info to initialize host with

n_ports number of ATA ports attached to this host

Description

Allocate ATA host and initialize with info from ppi . If NULL terminated, ppi may contain fewer entries
thann_ports. Thelast entry will be used for the remaining ports.

RETURNS

Allocate ATA host on success, NULL on failure.

LOCKING

Inherited from calling layer (may sleep).
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Name
ata slave link_init — initialize dave link
Synopsis

int ata_slave_link_init (struct ata _port * ap);

Arguments

ap porttoinitiaize slavelink for

Description

Create and initialize dlave link for ap. This enables dave link handling on the port.

Inlibata, a port containslinks and alink contains devices. Thereissingle host link but if aPMPis attached
to it, there can be multiple fan-out links. On SATA, there's usually a single device connected to alink but
PATA and SATA controllers emulating TF based interface can have two - master and slave.

However, thereareafew controllerswhich don't fit into this abstraction too well - SATA controllerswhich
emulate TF interface with both master and slave devices but also have separate SCR register sets for each
device. These controllers need separate links for physical link handling (e.g. onlineness, link speed) but
should be treated like atraditional M/S controller for everything else (e.g. command issue, softreset).

slave_link islibata's way of handling this class of controllers without impacting core layer too much. For
anything other than physical link handling, the default host link is used for both master and slave. For
physical link handling, separate ap->dlave link is used. All dirty details are implemented inside libata
core layer. From LLD's POV, the only differenceis that prereset, hardreset and postreset are called once
more for the dave link, so the reset sequence looks like the following.

prereset(M) -> prereset(S) -> hardreset(M) -> hardreset(S) -> softreset(M) -> postreset(M) -> postreset(S)

Note that softreset iscalled only for the master. Softreset resets both M/S by definition, so SRST on master
should handle both (the standard method will work just fine).

LOCKING

Should be called before host is registered.

RETURNS

0 on success, -errno on failure.
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Name
ata_host_start — start and freeze ports of an ATA host

Synopsis
int ata_host_start (struct ata_host * host);

Arguments

host ATA host to start ports for

Description
Start and then freeze ports of host . Started statusisrecorded in host->flags, so thisfunction can be called

multiple times. Ports are guaranteed to get started only once. If host->ops isn't initialized yet, its set to
the first non-dummy port ops.

LOCKING

Inherited from calling layer (may sleep).

RETURNS

Oif al ports are started successfully, -errno otherwise.
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Name

ata_host_init — Initialize a host struct for sas (ipr, libsas)
Synopsis

void ata_host _init (struct ata_host * host, struct device * dev, struct
ata_port_operations * ops);

Arguments

host hosttoinitialize
dev device host is attached to

ops  port_ops
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Name
ata_host_register — register initialized ATA host

Synopsis
int ata_host_register (struct ata_host * host, struct scsi_host_tenplate
* sht);

Arguments

host ATA host to register

sht template for SCSI host

Description

Register initialized ATA host. host isallocatedusingat a_host _al | oc and fully initialized by LLD.
This function starts ports, registershost with ATA and SCSI layers and probe registered devices.

LOCKING

Inherited from calling layer (may sleep).

RETURNS

0 on success, -errno otherwise.
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Name
ata_host_activate — start host, request IRQ and register it
Synopsis
int ata _host_activate (struct ata_host * host, int irq, irq_handler _t

i rq_handl er, unsigned long irqg_flags, struct scsi_host_tenplate * sht);

Arguments
host target ATA host
irq IRQ to request

i rq_handl er irgq_handler used when requesting IRQ
irqg_flags irq_flags used when requesting IRQ
sht scsi_host_template to use when registering the host

Description
After alocating an ATA host and initializing it, most libata L L Ds perform three steps to activate the host
- start host, request IRQ and register it. This helper takes necessasry arguments and performs the three
stepsin one go.

An invalid IRQ skips the IRQ registration and expects the host to have set polling mode on the port. In
thiscase, i r g_handl er should be NULL.

LOCKING

Inherited from calling layer (may sleep).

RETURNS

0 on success, -errno otherwise.
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Name
ata_host_detach — Detach al ports of an ATA host

Synopsis
voi d ata_host_detach (struct ata_host * host);

Arguments

host Host to detach

Description

Detach al ports of host .

LOCKING

Kernel thread context (may sleep).
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Name

ata pci_remove_one— PCI layer callback for device removal
Synopsis
void ata_pci_renmove_one (struct pci_dev * pdev);

Arguments

pdev PCI device that was removed

Description

PCI layer indicates to libata via this hook that hot-unplug or module unload event has occurred. Detach
all ports. Resource releaseis handled via devres.

LOCKING

Inherited from PCI layer (may sleep).
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Name

ata platform_remove_one — Platform layer callback for device removal
Synopsis
int ata_platformrenove_one (struct platformdevice * pdev);

Arguments

pdev Platform device that was removed

Description

Platform layer indicatesto libataviathishook that hot-unplug or module unload event has occurred. Detach
all ports. Resource releaseis handled via devres.

LOCKING

Inherited from platform layer (may sleep).
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Name
ata msleep — ATA EH owner aware msleep

Synopsis

void ata_mnsleep (struct ata_port * ap, unsigned int nsecs);
Arguments

ap ATA port to attribute the sleep to

nsecs duration to sleep in milliseconds
Description

Sleeps msecs. If the current task is owner of ap's EH, the ownership is released before going to sleep

and reacquired after the sleep is complete. IOW, other ports sharing the ap->host will be allowed to own
the EH while this task is sleeping.

LOCKING

Might sleep.
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Name

ata wait_register — wait until register value changes
Synopsis

u32 ata_wait_register (struct ata port * ap, void __iomem * reg, u32
mask, u32 val, unsigned long interval, unsigned |long tineout);

Arguments
ap ATA port to wait register for, can be NULL
reg 10O-mapped register
mask Mask to apply to read register value
val Wait condition

i nterval pollinginterval in milliseconds

ti meout timeout in milliseconds

Description

Waiting for some bits of register to change is a common operation for ATA controllers. This function
reads 32bit LE 10-mapped register r eg and tests for the following condition.

(*reg & mask) !=va

If the condition ismet, it returns; otherwise, the processisrepeated after i nt er val _nsec until