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Chapter 1. Data Types

1.1. Doubly Linked Lists

list_ add

LINUX
Kernel Hackers ManualMarch 2019

Name

list_add — add a new entry

Synopsis

void list_add (struct list_head * new, struct list_head =
head) ;

Arguments

new

new entry to be added

head

list head to add it after

Description

Insert a new entry after the specified head. This is good for implementing stacks.
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list_ add tail

LINUX
Kernel Hackers ManualMarch 2019

Name

list_add_tail — add a new entry

Synopsis

void list_add tail (struct list_head * new, struct list_head =
head) ;

Arguments

new

new entry to be added

head

list head to add it before

Description

Insert a new entry before the specified head. This is useful for implementing queues.

__list_del_entry

LINUX
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Name

__list_del_entry — deletes entry from list.
Synopsis

void __list_del_entry (struct list_head x entry);

Arguments

entry

the element to delete from the list.

Note

list_empty on entry does not return true after this, the entry is in an undefined
state.

list_replace

LINUX
Kernel Hackers ManualMarch 2019

Name

list_replace — replace old entry by new one
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Synopsis

void list_replace (struct list_head % old, struct list_head =
new) ;

Arguments

old

the element to be replaced

new

the new element to insert

Description

If 01d was empty, it will be overwritten.

list_del init

LINUX
Kernel Hackers ManualMarch 2019

Name

list_del_init — deletes entry from list and reinitialize it.
Synopsis

void list_del_init (struct list_head * entry);
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Arguments

entry

the element to delete from the list.

list move

LINUX
Kernel Hackers ManualMarch 2019

Name

list_move — delete from one list and add as another’s head

Synopsis

void list_move (struct list_head x 1ist, struct list_head =«
head) ;

Arguments

list
the entry to move

head

the head that will precede our entry
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list_ move_tail

LINUX
Kernel Hackers ManualMarch 2019

Name

list_move_tail — delete from one list and add as another’s tail

Synopsis

void list_move_tail (struct list_head * 1ist, struct list_head
* head) ;

Arguments

list

the entry to move

head

the head that will follow our entry

list_is_last

LINUX
Kernel Hackers ManualMarch 2019

Name

list_is_last — tests whether 1ist is the last entry in list head
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Synopsis

int list_is_last (const struct list_head * 1ist, const struct
list_head * head);

Arguments

list

the entry to test

head

the head of the list

list_empty

LINUX
Kernel Hackers ManualMarch 2019

Name

list_empty — tests whether a list is empty
Synopsis

int list_empty (const struct list_head x head);
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Arguments

head

the list to test.

list_empty_careful

LINUX
Kernel Hackers ManualMarch 2019

Name

list_empty_careful — tests whether a list is empty and not being modified

Synopsis

int list_empty careful (const struct list_head * head);

Arguments

head

the list to test

Description

tests whether a list is empty _and_ checks that no other CPU might be in the
process of modifying either member (next or prev)
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NOTE

using list_empty_careful without synchronization can only be safe if the only
activity that can happen to the list entry is 1ist_del_init. Eg. it cannot be used if
another CPU could re-1ist_add it.

list_rotate left

LINUX
Kernel Hackers ManualMarch 2019

Name

list_rotate_left — rotate the list to the left

Synopsis

void list_rotate_left (struct list_head * head);

Arguments

head

the head of the list

list_is_singular

LINUX
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Name

list_is_singular — tests whether a list has just one entry.

Synopsis

int list_is_singular (const struct list_head x head);

Arguments

head

the list to test.

list_cut_position

LINUX
Kernel Hackers ManualMarch 2019

Name

list_cut_position — cuta listinto two

Synopsis

void list_cut_position (struct list_head * Iist, struct
list_head % head, struct list_head x entry);

10
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Arguments

1list
a new list to add all removed entries

head

a list with entries

entry

an entry within head, could be the head itself and if so we won’t cut the list

Description

This helper moves the initial part of head, up to and including entry, from head
to 1ist. You should pass on entry an element you know is on head. 1ist should
be an empty list or a list you do not care about losing its data.

list_splice

LINUX
Kernel Hackers ManualMarch 2019

Name

list_splice — join two lists, this is designed for stacks

Synopsis

void list_splice (const struct list_head » Ilist, struct
list_head * head);

11
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Arguments

list

the new list to add.

head

the place to add it in the first list.

list_splice_tail

LINUX
Kernel Hackers ManualMarch 2019

Name

list_splice_tail — join two lists, each list being a queue

Synopsis

void list_splice_tail (struct list_head x 1ist, struct
list_head * head);

Arguments

list

the new list to add.

head

the place to add it in the first list.

12
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list_splice init

LINUX
Kernel Hackers ManualMarch 2019

Name

list_splice_init — join two lists and reinitialise the emptied list.

Synopsis

void list_splice_init (struct list_head x 1ist, struct
list_head * head);

Arguments

list

the new list to add.

head

the place to add it in the first list.

Description

The list at 11 st is reinitialised

list_splice_tail_init

LINUX

13
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Name

list_splice_tail_init — join two lists and reinitialise the emptied list

Synopsis

void list_splice_tail_init (struct list_head » Iist, struct
list_head * head);

Arguments

list

the new list to add.

head

the place to add it in the first list.

Description

Each of the lists is a queue. The list at 11 st is reinitialised

list_entry

LINUX
Kernel Hackers ManualMarch 2019

Name

list_entry — get the struct for this entry

14



Synopsis

list_entry ( ptr, type, member);

Arguments

ptr

the struct list_head pointer.

type

the type of the struct this is embedded in.

member

the name of the list_struct within the struct.

list_first_entry

LINUX
Kernel Hackers ManualMarch 2019

Name

list_first_entry — get the first element from a list

Synopsis

list_first_entry ( ptr, type, member);

Chapter 1. Data Types

15
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Arguments

ptr

the list head to take the element from.

type

the type of the struct this is embedded in.

member

the name of the list_struct within the struct.

Description

Note, that list is expected to be not empty.

list_first_entry or null

LINUX

Kernel Hackers ManualMarch 2019

16

Name

list_first_entry_or_null — get the first element from a list

Synopsis

list_first_entry_or null ( ptr, type, member) ;
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Arguments

ptr

the list head to take the element from.

type

the type of the struct this is embedded in.

member

the name of the list_struct within the struct.

Description

Note that if the list is empty, it returns NULL.

list for each

LINUX
Kernel Hackers ManualMarch 2019

Name

list_for each — iterate over a list

Synopsis

list_for_each ( pos, head) ;

17
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Arguments

pos

the struct list_head to use as a loop cursor.

head

the head for your list.

__list_for_each

LINUX
Kernel Hackers ManualMarch 2019

Name

__list_for_each — iterate over a list

Synopsis

_ list_for_ each ( pos, head);

Arguments

pos

the struct list_head to use as a loop cursor.

head

the head for your list.

18
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Description

This variant doesn’t differ from 1ist_for_each any more. We don’t do
prefetching in either case.

list for each_ prev

LINUX
Kernel Hackers ManualMarch 2019

Name

list_for_each_prev — iterate over a list backwards

Synopsis

list_for_ each_prev ( pos, head) ;

Arguments

pos

the struct list_head to use as a loop cursor.

head

the head for your list.

19
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list for each_ safe

LINUX
Kernel Hackers ManualMarch 2019

Name

list_for_each_safe — iterate over a list safe against removal of list entry

Synopsis

list_for_each_safe ( pos, n, head) ;

Arguments

pos

the struct list_head to use as a loop cursor.
another struct list_head to use as temporary storage

head

the head for your list.

list_for_each_prev_safe

LINUX

20
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Name

list_for_each_prev_safe — iterate over a list backwards safe against
removal of list entry

Synopsis

list_for_ each_prev_safe ( pos, n, head);

Arguments

pos

the struct list_head to use as a loop cursor.

another struct list_head to use as temporary storage

head

the head for your list.

list for _each _entry

LINUX
Kernel Hackers ManualMarch 2019

Name

list_for_each_entry — iterate over list of given type

21
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Synopsis

list_for each_entry ( pos, head, member);

Arguments

pos

the type * to use as a loop cursor.

head

the head for your list.

member

the name of the list_struct within the struct.

list for_each_entry reverse

LINUX
Kernel Hackers ManualMarch 2019

Name

list_for_each_entry_reverse — iterate backwards over list of given
type.

Synopsis

list_for each_entry reverse ( pos, head, member);

22
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Arguments

pos

the type * to use as a loop cursor.

head

the head for your list.

member

the name of the list_struct within the struct.

list_prepare_entry

LINUX
Kernel Hackers ManualMarch 2019

Name

list_prepare_entry — prepare a pos entry for use in

list_for_each_entry_continue

Synopsis

list_prepare_entry ( pos, head, member);

Arguments

pos

the type * to use as a start point

23
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head
the head of the list

member

the name of the list_struct within the struct.

Description

Prepares a pos entry for use as a start pointin 1ist_for_each_entry_continue.

list for each _entry continue

LINUX
Kernel Hackers ManualMarch 2019

Name

list_for_each_entry_continue — continue iteration over list of given
type

Synopsis

list_for_ each_entry continue ( pos, head, member);

Arguments

pos

the type * to use as a loop cursor.

head

the head for your list.

24
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member

the name of the list_struct within the struct.

Description

Continue to iterate over list of given type, continuing after the current position.

list for each_entry continue_reverse

LINUX
Kernel Hackers ManualMarch 2019

Name

list_for_each_entry_continue_reverse — iterate backwards from
the given point

Synopsis

list_for_each_entry continue_reverse ( pos, head, member);

Arguments

pos

the type * to use as a loop cursor.

head

the head for your list.

member

the name of the list_struct within the struct.

25
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Description

Start to iterate over list of given type backwards, continuing after the current
position.

list for each _entry from

LINUX
Kernel Hackers ManualMarch 2019

Name

list_for_each_entry_from— iterate over list of given type from the
current point

Synopsis

list_for_ each_entry from ( pos, head, member);

Arguments

pos

the type * to use as a loop cursor.

head

the head for your list.

member

the name of the list_struct within the struct.

26
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Description

Iterate over list of given type, continuing from current position.

list_ for_each_entry_ safe

LINUX
Kernel Hackers ManualMarch 2019

Name

list_for_each_entry_safe —iterate over list of given type safe against
removal of list entry

Synopsis

list_for each_entry safe ( pos, n, head, member);

Arguments

pos

the type * to use as a loop cursor.

another type * to use as temporary storage

head

the head for your list.

member

the name of the list_struct within the struct.

27
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list_ for_each_entry_safe_continue

LINUX

Kernel Hackers ManualMarch 2019

28

Name

list_for_each_entry_safe_continue — continue list iteration safe
against removal

Synopsis

list_for each_entry safe_continue ( pos, n, head, member);

Arguments

pos

the type * to use as a loop cursor.

another type * to use as temporary storage

head

the head for your list.

member

the name of the list_struct within the struct.
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Description

Iterate over list of given type, continuing after current point, safe against removal of
list entry.

list for each _entry safe from

LINUX
Kernel Hackers ManualMarch 2019

Name

list_for_each_entry_safe_from— iterate over list from current point
safe against removal

Synopsis

list_for_ each_entry safe from ( pos, n, head, member);

Arguments

pos

the type * to use as a loop cursor.

another type * to use as temporary storage

head

the head for your list.

member

the name of the list_struct within the struct.

29
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Description

Iterate over list of given type from current point, safe against removal of list entry.

list for_each_entry safe reverse

LINUX

Kernel Hackers ManualMarch 2019

30

Name

list_for_each_entry_safe_reverse — iterate backwards over list safe
against removal

Synopsis

list_for each_entry safe_ reverse ( pos, n, head, member);

Arguments

pos

the type * to use as a loop cursor.

another type * to use as temporary storage

head

the head for your list.

member

the name of the list_struct within the struct.
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Description

Iterate backwards over list of given type, safe against removal of list entry.

list safe reset next

LINUX
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Name

list_safe_reset_next —reset a stale list_for_each_entry_safe loop

Synopsis

list_safe_reset_next ( pos, n, member);

Arguments

pos

the loop cursor used in the list_for_each_entry_safe loop

temporary storage used in list_for_each_entry_safe

member

the name of the list_struct within the struct.

Description

list_safe_reset_next is not safe to use in general if the list may be modified
concurrently (eg. the lock is dropped in the loop body). An exception to this is if the
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cursor element (pos) is pinned in the list, and list_safe_reset_next is called after
re-taking the lock and before completing the current iteration of the loop body.

hlist_for_each_entry
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Name

hlist_for_each_entry — iterate over list of given type

Synopsis

hlist_for_each_entry ( tpos, pos, head, member);

Arguments

tpos

the type * to use as a loop cursor.

pos

the struct hlist_node to use as a loop cursor.

head

the head for your list.

member

the name of the hlist_node within the struct.

32



Chapter 1. Data Types

hlist_for_each_entry continue
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Name

hlist_for_each_entry_continue — iterate over a hlist continuing after
current point

Synopsis

hlist_for_each_entry_continue ( tpos, pos, member);

Arguments

tpos

the type * to use as a loop cursor.

pos

the struct hlist_node to use as a loop cursor.

member

the name of the hlist_node within the struct.

hlist for each _entry from

LINUX
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Name

hlist_for_each_entry_from— iterate over a hlist continuing from current
point

Synopsis

hlist_ for_each_entry_ from ( tpos, pos, member);

Arguments
tpos
the type * to use as a loop cursor.

pos

the struct hlist_node to use as a loop cursor.

member

the name of the hlist_node within the struct.

hlist_for_each_entry_safe
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Name

hlist_for_each_entry_safe — iterate over list of given type safe against
removal of list entry
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Synopsis

hlist_for_each_entry_ safe ( tpos, pos, n, head, member);

Arguments

tpos

the type * to use as a loop cursor.

pos

the struct hlist_node to use as a loop cursor.

another struct hlist_node to use as temporary storage

head

the head for your list.

member

the name of the hlist_node within the struct.
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Chapter 2. Basic C Library Functions

When writing drivers, you cannot in general use routines which are from the C
Library. Some of the functions have been found generally useful and they are listed
below. The behaviour of these functions may vary slightly from those defined by
ANSI, and these deviations are noted in the text.

2.1. String Conversions

simple_strtoull
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Name

simple_strtoull — convert a string to an unsigned long long

Synopsis

unsigned long long simple_strtoull (const char x cp, char xx
endp, unsigned int base);

Arguments

cp
The start of the string

endp

A pointer to the end of the parsed string will be placed here
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base

The number base to use

simple_strtoul
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Name

simple_strtoul — convert a string to an unsigned long

Synopsis

unsigned long simple_strtoul (const char x cp, char xx endp,
unsigned int base);

Arguments
cp
The start of the string

endp

A pointer to the end of the parsed string will be placed here

base

The number base to use
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simple_strtol
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Name

simple_strtol — convert a string to a signed long

Synopsis

long simple_strtol (const char x cp, char xx endp, unsigned
int base);

Arguments

cp
The start of the string

endp

A pointer to the end of the parsed string will be placed here

base

The number base to use

simple_strtoli

LINUX
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Name

simple_strtoll — convert a string to a signed long long

Synopsis

long long simple_strtoll (const char * cp, char »x endp,
unsigned int base);

Arguments
cp
The start of the string

endp

A pointer to the end of the parsed string will be placed here

base

The number base to use

vsnprintf
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Name

vsnprint f — Format a string and place it in a buffer
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Synopsis

int wvsnprintf (char x buf, size_t size, const char x fmt,
va_list args);

Arguments

buf

The buffer to place the result into

size

The size of the buffer, including the trailing null space

fmt

The format string to use

args

Arguments for the format string

Description

This function follows C99 vsnprintf, but has some extensions: pS output the name
of a text symbol with offset ps output the name of a text symbol without offset pF
output the name of a function pointer with its offset pf output the name of a
function pointer without its offset pB output the name of a backtrace symbol with its
offset pR output the address range in a struct resource with decoded flags pr output
the address range in a struct resource with raw flags pb output the bitmap with field
width as the number of bits pb1 output the bitmap as range list with field width as
the number of bits pM output a 6-byte MAC address with colons pm output a 6-byte
MAC address without colons pI4 print an IPv4 address without leading zeros pi4
print an IPv4 address with leading zeros pI6 print an IPv6 address with colons pi6
print an IPv6 address without colons pI6c print an IPv6 address as specified by
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http

/ltools.ietf.org/html/draft-ietf-6man-text-addr-representation-00 pU[bBIL] print a
UUID/GUID in big or little endian using lower or upper case. n is ignored

The return value is the number of characters which would be generated for the given
input, excluding the trailing \0’, as per ISO C99. If you want to have the exact
number of characters written into buf as return value (not including the trailing
\0’), use vscnprintf£. If the return is greater than or equal to size, the resulting
string is truncated.

If you’re not already dealing with a va_list consider using snprintf.

vschprintf

LINUX
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Name

vscnprint f — Format a string and place it in a buffer

Synopsis

int wvscnprintf (char » buf, size_t size, const char x fmt,
va_list args);

Arguments
buf
The buffer to place the result into

size

The size of the buffer, including the trailing null space
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fmt

The format string to use

args

Arguments for the format string

Description

The return value is the number of characters which have been written into the buf
not including the trailing \O’. If size is == 0 the function returns O.

If you’re not already dealing with a va_list consider using scnprintf.

See the vsnprint £ documentation for format string extensions over C99.

shprintf
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Name

snprintf — Format a string and place it in a buffer

Synopsis

int snprintf (char » buf, size_t size, const char x fmt,
2)
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Arguments

buf

The buffer to place the result into

size

The size of the buffer, including the trailing null space

fmt

The format string to use @...: Arguments for the format string

variable arguments

Description

The return value is the number of characters which would be generated for the given
input, excluding the trailing null, as per ISO C99. If the return is greater than or
equal to size, the resulting string is truncated.

See the vsnprint £ documentation for format string extensions over C99.

scnprintf

LINUX
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Name

scnprint f — Format a string and place it in a buffer

Synopsis

int scnprintf (char x buf, size_t size, const char x fmt,

.)
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Arguments

buf

The buffer to place the result into

size

The size of the buffer, including the trailing null space

fmt

The format string to use @...: Arguments for the format string

variable arguments

Description

The return value is the number of characters written into buf not including the
trailing \0’. If size is == 0 the function returns 0.

vsprintf
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Name

vsprint f — Format a string and place it in a buffer

Synopsis

int wvsprintf (char » buf, const char » fmt, va_list args);
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Arguments

buf

The buffer to place the result into

fmt

The format string to use

args

Arguments for the format string

Description

The function returns the number of characters written into buf. Use vsnprint f or
vscnprint £ in order to avoid buffer overflows.

If you’re not already dealing with a va_list consider using sprintf.

See the vsnprint £ documentation for format string extensions over C99.

sprintf
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Name

sprintf — Format a string and place it in a buffer

Synopsis

int sprintf (char = buf, const char * fmt, cel) g
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Arguments

buf

The buffer to place the result into

fmt

The format string to use @...: Arguments for the format string

variable arguments

Description

The function returns the number of characters written into buf. Use snprintf or
scnprintf in order to avoid buffer overflows.

See the vsnprint £ documentation for format string extensions over C99.

vbin_printf
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Name

vbin_printf — Parse a format string and place args’ binary value in a buffer

Synopsis

int vbin_printf (u32 x bin buf, size_t size, const char » fmt,
va_list args);
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Arguments

bin buf
The buffer to place args’ binary value
size
The size of the buffer(by words(32bits), not characters)

fmt

The format string to use

args

Arguments for the format string

Description

The format follows C99 vsnprintf, except n is ignored, and its argument is skiped.

The return value is the number of words(32bits) which would be generated for the
given input.

NOTE

If the return value is greater than size, the resulting bin_buf is NOT valid for
bstr_printf.

bstr_printf

48
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Name

bstr_printf — Format a string from binary arguments and place it in a buffer

Synopsis

int bstr_printf (char * buf, size_t size, const char * fmt,
const u32 * bin _buf);

Arguments

buf

The buffer to place the result into

size

The size of the buffer, including the trailing null space

fmt

The format string to use

bin_buf

Binary arguments for the format string

Description

This function like C99 vsnprintf, but the difference is that vsnprintf gets arguments
from stack, and bstr_printf gets arguments from bin_buf which is a binary buffer
that generated by vbin_printf.

The format follows C99 vsnprintf, but has some extensions: see vsnprintf comment
for details.

The return value is the number of characters which would be generated for the given
input, excluding the trailing \0’, as per ISO C99. If you want to have the exact
number of characters written into buf as return value (not including the trailing
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\0’), use vscnprint f. If the return is greater than or equal to si ze, the resulting
string is truncated.

bprintf

LINUX
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Name

bprintf — Parse a format string and place args’ binary value in a buffer
Synopsis

int bprintf (u32 * bin_buf, size_t size, const char x fmt,

.)

Arguments

bin_buf

The buffer to place args’ binary value

size
The size of the buffer(by words(32bits), not characters)
fmt

The format string to use @...: Arguments for the format string

variable arguments
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Description

The function returns the number of words(u32) written into bin_buf.

vsscanf
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Name

vsscanf — Unformat a buffer into a list of arguments

Synopsis

int wvsscanf (const char x buf, const char * fmt, va_list
args) ;

Arguments

buf

input buffer

fmt

format of buffer

args

arguments
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sscanf
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Name

sscanf — Unformat a buffer into a list of arguments

Synopsis

int sscanf (const char * buf, const char * fmt,

Arguments

buf

input buffer

fmt

formatting of buffer @...: resulting arguments

variable arguments

2.2. String Manipulation

strnicmp

LINUX
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Name

strnicmp — Case insensitive, length-limited string comparison

Synopsis

int strnicmp (const char x slI, const char x s2, size_t Ien);

Arguments
s1

One string
s2

The other string

len

the maximum number of characters to compare

strcpy
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Name

strcpy — Copy a NUL terminated string
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Synopsis

char x strepy (char x dest, const char *x src);

Arguments

dest

Where to copy the string to

sSrc

Where to copy the string from

strncpy
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Name

strncpy — Copy a length-limited, NUL-terminated string
Synopsis

char % strnepy (char *x dest, const char x src,
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Arguments

dest
Where to copy the string to

src

Where to copy the string from

count

The maximum number of bytes to copy

Description

The result is not NUL-terminated if the source exceeds count bytes.

In the case where the length of src is less than that of count, the remainder of dest
will be padded with NUL.

stricpy
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Name

strlcpy — Copy a NUL terminated string into a sized buffer

Synopsis

size_t strlcpy (char x dest, const char % src, size_t size);
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Arguments

dest

Where to copy the string to

src

Where to copy the string from

size

size of destination buffer

BSD

the result is always a valid NUL-terminated string that fits in the buffer (unless, of
course, the buffer size is zero). It does not pad out the result like st rncpy does.

strcat
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Name

strcat — Append one NUL-terminated string to another

Synopsis

char % strcat (char * dest, const char * src);
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Arguments

dest

The string to be appended to

src

The string to append to it

strncat
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Name

strncat — Append a length-limited, NUL-terminated string to another
Synopsis

char % strncat (char % dest, const char x src, size_t count);

Arguments

dest

The string to be appended to

sSrc

The string to append to it

count

The maximum numbers of bytes to copy
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Description

Note that in contrast to st rncpy, strncat ensures the result is terminated.

stricat

LINUX
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Name

strlcat — Append a length-limited, NUL-terminated string to another
Synopsis

size_t strlcat (char » dest, const char = src, size_t count);

Arguments

dest

The string to be appended to

sSrc

The string to append to it

count

The size of the destination buffer.
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strcmp
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Name

st rcmp — Compare two strings
Synopsis

int stremp (const char x c¢cs, const char * ct);

Arguments
cs

One string
ct

Another string

strncmp
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Name

st rncmp — Compare two length-limited strings

59



Chapter 2. Basic C Library Functions

Synopsis

int strnemp (const char « c¢s, const char * ct,

Arguments
cs

One string
ct

Another string

count

The maximum number of bytes to compare

strchr
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Name

strchr — Find the first occurrence of a character in a string
Synopsis

char % strchr (const char » s, int ¢);
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Arguments

The string to be searched

The character to search for

strrchr
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Name

strrchr — Find the last occurrence of a character in a string

Synopsis

char % strrchr (const char * s, int c¢);

Arguments

The string to be searched

The character to search for
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strnchr
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Name

strnchr — Find a character in a length limited string
Synopsis

char % strnchr (const char * s, size_t count, int c¢);

Arguments

The string to be searched
count

The number of characters to be searched

The character to search for

skip_spaces

LINUX
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Name

skip_spaces — Removes leading whitespace from str.

Synopsis

char * skip_spaces (const char x str);

Arguments

str

The string to be stripped.

Description

Returns a pointer to the first non-whitespace character in str.

strim
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Name

strim — Removes leading and trailing whitespace from s.
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Synopsis

char % strim (char * s);

Arguments

The string to be stripped.

Description

Note that the first trailing whitespace is replaced with a NUL-terminator in the
given string s. Returns a pointer to the first non-whitespace character in s.

strien
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Name

strlen — Find the length of a string

Synopsis

size_t strlen (const char * s);
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Arguments

The string to be sized

strnlen
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Name

strnlen — Find the length of a length-limited string

Synopsis

size_t strnlen (const char s, size_t count);

Arguments

The string to be sized

count

The maximum number of bytes to search
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strspn
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Name

st rspn — Calculate the length of the initial substring of s which only contain
letters in accept

Synopsis

size_t strspn (const char » s, const char * accept);

Arguments

The string to be searched

accept

The string to search for

strcspn
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Name

strcspn — Calculate the length of the initial substring of s which does not
contain letters in reject
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Synopsis

size_t strespn (const char » s, const char * reject);

Arguments

The string to be searched

reject

The string to avoid

strpbrk
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Name

st rpbrk — Find the first occurrence of a set of characters
Synopsis

char * strpbrk (const char x c¢s, const char x ct);
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Arguments

cs

The string to be searched

ct

The characters to search for

strsep
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Name

strsep — Split a string into tokens

Synopsis

char x strsep (char ** s, const char x ct);

Arguments

The string to be searched

ct

The characters to search for
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Description

strsep updates s to point after the token, ready for the next call.

It returns empty tokens, too, behaving exactly like the libc function of that name. In
fact, it was stolen from glibc2 and de-fancy-fied. Same semantics, slimmer shape. ;)

sysfs_streq
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Name

sysfs_streqg—return true if strings are equal, modulo trailing newline

Synopsis

bool sysfs_streq (const char » sl1, const char x s2);

Arguments
s1

one string
s2

another string

Description

This routine returns true iff two strings are equal, treating both NUL and
newline-then-NUL as equivalent string terminations. It’s geared for use with sysfs
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input strings, which generally terminate with newlines but are compared against
values without newlines.

strtobool
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Name

strtobool — convert common user inputs into boolean values

Synopsis

int strtobool (const char x s, bool x res);

Arguments

input string

res

result

Description

This routine returns O iff the first character is one of *YyINnO’, or [0O][NnFf] for
“on” and “off”. Otherwise it will return -EINVAL. Value pointed to by res is
updated upon finding a match.
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memset
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Name

memset — Fill a region of memory with the given value

Synopsis

void * memset (void * s, int ¢, size_t count);

Arguments

Pointer to the start of the area.
The byte to fill the area with

count

The size of the area.

Description

Do not use memset to access 10 space, use memset_io instead.
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memcpy
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Name

memcpy — Copy one area of memory to another

Synopsis

void x memecpy (void * dest, const void x src, size_t count);

Arguments

dest

Where to copy to

src

Where to copy from

count

The size of the area.

Description

You should not use this function to access IO space, use memcpy_toio or
memcpy_ fromio instead
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memmove
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Name

memmove — Copy one area of memory to another
Synopsis

void * memmove (void * dest, const void * src, size_t count);

Arguments

dest

Where to copy to

src

Where to copy from

count

The size of the area.

Description

Unlike memcpy, memmove copes with overlapping areas.

memcmp

LINUX
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Name

memcmp — Compare two areas of memory
Synopsis

int mememp (const void * c¢s, const void * ct, size_t count);

Arguments

One area of memory

ct

Another area of memory

count

The size of the area.

memscan
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Name

memscan — Find a character in an area of memory.
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Synopsis

void *» memscan (void x addr, int ¢, size_t size);

Arguments

addr

The memory area

The byte to search for

size

The size of the area.

Description

returns the address of the first occurrence of c, or 1 byte past the area if c is not
found

strstr
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Name

strstr — Find the first substring in a NUL terminated string
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Synopsis

char % strstr (const char * sl, const char x s2);

Arguments

s1

The string to be searched

s2

The string to search for

strnstr

LINUX
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Name

strnstr — Find the first substring in a length-limited string
Synopsis

char % strnstr (const char * slI, const char x s2,

size_t len);
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Arguments

s1

The string to be searched

s2

The string to search for

len

the maximum number of characters to search

memchr
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Name

memchr — Find a character in an area of memory.

Synopsis

void * memchr (const void % s, int ¢, size_t n);

Arguments

The memory area

The byte to search for
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n

The size of the area.

Description

returns the address of the first occurrence of ¢, or NULL if ¢ is not found

memchr_inv

LINUX
Kernel Hackers ManualMarch 2019

Name

memchr_inv — Find an unmatching character in an area of memory.
Synopsis

void » memchr inv (const void % start, int c¢, size_t bytes);

Arguments

start

The memory area
Find a character other than ¢

bytes

The size of the area.
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Description

returns the address of the first character other than ¢, or NULL if the whole buffer
contains just c.

2.3. Bit Operations

set bit
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Name

set_bit — Atomically set a bit in memory

Synopsis

void set_bit (unsigned int nr, volatile unsigned long =* addr);

Arguments

nr

the bit to set

addr

the address to start counting from
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Description

This function is atomic and may not be reordered. See __set_bit if you do not
require the atomic guarantees.

Note

there are no guarantees that this function will not be reordered on non x86
architectures, so if you are writing portable code, make sure not to rely on its
reordering guarantees.

Note that nr may be almost arbitrarily large; this function is not restricted to acting
on a single-word quantity.

__set_bit
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Name

___set_bit — Seta bit in memory

Synopsis

void _ _set_bit (int nr, volatile unsigned long * addr);
Arguments
nr

the bit to set
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addr

the address to start counting from

Description

Unlike set_bit, this function is non-atomic and may be reordered. If it’s called on
the same region of memory simultaneously, the effect may be that only one
operation succeeds.

clear_bit
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Name

clear_bit — Clears a bit in memory

Synopsis

void clear_bit (int nr, volatile unsigned long * addr);

Arguments

nr

Bit to clear

addr

Address to start counting from
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Description

clear_bit is atomic and may not be reordered. However, it does not contain a
memory barrier, so if it is used for locking purposes, you should call
smp_mb__before_clear_bit and/or smp_mb__after_ clear_bit in order to
ensure changes are visible on other processors.

___change bit

LINUX
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Name

__change_bit — Toggle a bit in memory

Synopsis

void __change_bit (int nr, volatile unsigned long % addr);

Arguments

nr

the bit to change

addr

the address to start counting from
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Description

Unlike change_bit, this function is non-atomic and may be reordered. If it’s
called on the same region of memory simultaneously, the effect may be that only
one operation succeeds.

change_bit
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Name

change_bit — Toggle a bit in memory

Synopsis

void change_bit (int nr, volatile unsigned long * addr);

Arguments

nr

Bit to change

addr

Address to start counting from

Description

change_bit is atomic and may not be reordered. Note that nr may be almost
arbitrarily large; this function is not restricted to acting on a single-word quantity.
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test and set bit
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Name

test_and_set_bit — Set a bit and return its old value

Synopsis

int test_and_set_bit (int nr, volatile unsigned long * addr);

Arguments

nr

Bit to set

addr

Address to count from

Description

This operation is atomic and cannot be reordered. It also implies a memory barrier.

84



Chapter 2. Basic C Library Functions

test_and_set bit lock

LINUX
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Name

test _and_set_bit_ lock — Set a bit and return its old value for lock

Synopsis

int test_and_set_bit_lock (int nr, volatile unsigned long =
addr) ;

Arguments

nr

Bit to set

addr

Address to count from

Description

This is the same as test_and_set_bit on x86.

__test_and_set bit

LINUX
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Name

___test_and_set bit — Set a bit and return its old value

Synopsis

int _ test_and set_bit (int nr, volatile unsigned long =
addr) ;

Arguments

nr

Bit to set

addr

Address to count from

Description

This operation is non-atomic and can be reordered. If two examples of this
operation race, one can appear to succeed but actually fail. You must protect
multiple accesses with a lock.

test_and_clear_bit

LINUX
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Name

test_and_clear bit — Clear a bit and return its old value

Synopsis

int test_and_clear_bit (int nr, volatile unsigned long =
addr) ;

Arguments

nr

Bit to clear

addr

Address to count from

Description

This operation is atomic and cannot be reordered. It also implies a memory barrier.

__test_and _clear bit

LINUX
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Name

__test_and_clear_bit — Clear a bit and return its old value
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Synopsis

int _ test_and clear bit (int nr, volatile unsigned long x*
addr) ;

Arguments

nr

Bit to clear

addr

Address to count from

Description

This operation is non-atomic and can be reordered. If two examples of this
operation race, one can appear to succeed but actually fail. You must protect
multiple accesses with a lock.

test and_change_bit
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Name

test_and_change_bit — Change a bit and return its old value

88



Chapter 2. Basic C Library Functions

Synopsis

int test_and_change_bit (int nr, volatile unsigned long =
addr) ;

Arguments

nr

Bit to change

addr

Address to count from

Description

This operation is atomic and cannot be reordered. It also implies a memory barrier.

test_bit
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Name

test_ bit — Determine whether a bit is set
Synopsis

int test_bit (int nr, const volatile unsigned long * addr);
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Arguments

nr

bit number to test

addr

Address to start counting from

ffs

LINUX
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Name

__ffs — find first set bit in word
Synopsis

unsigned long _ ffs (unsigned long word);

Arguments

word

The word to search

Description

Undefined if no bit exists, so code should check against O first.
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ffz
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Name

f £z — find first zero bit in word

Synopsis

unsigned long f£fz (unsigned long word);

Arguments

word

The word to search

Description

Undefined if no zero exists, so code should check against ~OUL first.

ffs

LINUX
Kernel Hackers ManualMarch 2019

Name

ffs — find first set bit in word
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Synopsis

int f£fs (int x);

Arguments

the word to search

Description

This is defined the same way as the libc and compiler builtin ffs routines, therefore
differs in spirit from the other bitops.

ffs(value) returns 0 if value is O or the position of the first set bit if value is nonzero.
The first (least significant) bit is at position 1.

fls

LINUX
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Name

f1s — find last set bit in word

Synopsis

int £ls (int x);
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Arguments

the word to search

Description

This is defined in a similar way as the libc and compiler builtin ffs, but returns the
position of the most significant set bit.

fls(value) returns O if value is O or the position of the last set bit if value is nonzero.
The last (most significant) bit is at position 32.
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Functions

The Linux kernel provides more basic utility functions.

3.1. Bitmap Operations

___bitmap_shift_right

LINUX
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Name

__bitmap_shift_right — logical right shift of the bits in a bitmap

Synopsis

void __ _bitmap_shift_right (unsigned long * dst, const unsigned

long * src, int shift, int bits);

Arguments

dst

destination bitmap

src

source bitmap

shift

shift by this many bits
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bits

bitmap size, in bits

Description

Shifting right (dividing) means moving bits in the MS -> LS bit direction. Zeros are
fed into the vacated MS positions and the LS bits shifted off the bottom are lost.

___bitmap_shift_left
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Name

__bitmap_shift_left — logical left shift of the bits in a bitmap
Synopsis

void __ _bitmap_shift_left (unsigned long * dst, const unsigned
long * src, int shift, int bits);

Arguments

dst

destination bitmap

src

source bitmap
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shift

shift by this many bits

bits

bitmap size, in bits

Description

Shifting left (multiplying) means moving bits in the LS -> MS direction. Zeros are
fed into the vacated LS bit positions and those MS bits shifted off the top are lost.

bitmap_scnprintf
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Name

bitmap_scnprintf — convert bitmap to an ASCII hex string.

Synopsis

int bitmap_scnprintf (char » buf, unsigned int buflen, const
unsigned long * maskp, int nmaskbits);

Arguments

buf

byte buffer into which string is placed
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buflen

reserved size of buf, in bytes

maskp

pointer to bitmap to convert

nmaskbits

size of bitmap, in bits

Description

Exactly nmaskbits bits are displayed. Hex digits are grouped into
comma-separated sets of eight digits per set.

__bitmap_parse
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Name

__bitmap_parse — convert an ASCII hex string into a bitmap.

Synopsis

int _ bitmap_parse (const char x buf, unsigned int buflen,
is _user, unsigned long * maskp, int nmaskbits);
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Arguments

buf

pointer to buffer containing string.

buflen

buffer size in bytes. If string is smaller than this then it must be terminated
with a\0.

1s _user

location of buffer, O indicates kernel space

maskp

pointer to bitmap array that will contain result.

nmaskbits

size of bitmap, in bits.

Description

Commas group hex digits into chunks. Each chunk defines exactly 32 bits of the
resultant bitmask. No chunk may specify a value larger than 32 bits (-EOVERFLOW),
and if a chunk specifies a smaller value then leading O-bits are prepended. ~-EINVAL
is returned for illegal characters and for grouping errors such as “1,,57, “,44”, «”
and "". Leading and trailing whitespace accepted, but not embedded whitespace.

bitmap_parse_user
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Name

bitmap_parse_user — convert an ASCII hex string in a user buffer into a
bitmap
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Synopsis

int bitmap_parse_user (const char __user x ubuf, unsigned int
ulen, unsigned long * maskp, int nmaskbits);

Arguments

ubuf

pointer to user buffer containing string.

ulen
buffer size in bytes. If string is smaller than this then it must be terminated
with a \0.

maskp

pointer to bitmap array that will contain result.

nmaskbits

size of bitmap, in bits.

Description

Wrapper for __bitmap_parse, providing it with user buffer.

We cannot have this as an inline function in bitmap.h because it needs
linux/uaccess.h to get the access_ok declaration and this causes cyclic
dependencies.

bitmap_scnlistprintf
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Name

bitmap_scnlistprintf — convert bitmap to list format ASCII string

Synopsis

int bitmap_scnlistprintf (char » buf, unsigned int buflen,
const unsigned long * maskp, int nmaskbits);

Arguments

buf

byte buffer into which string is placed

buflen

reserved size of buf, in bytes

maskp

pointer to bitmap to convert

nmaskbits

size of bitmap, in bits

Description

Output format is a comma-separated list of decimal numbers and ranges.
Consecutively set bits are shown as two hyphen-separated decimal numbers, the
smallest and largest bit numbers set in the range. Output format is compatible with
the format accepted as input by bitmap_parselist.

The return value is the number of characters which would be generated for the given
input, excluding the trailing \0’, as per ISO C99.
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bitmap_parselist_user

LINUX
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Name

bitmap_parselist_user —
Synopsis

int bitmap_parselist_user (const char __user * ubuf, unsigned
int ulen, unsigned long * maskp, int nmaskbits);

Arguments

ubuf

pointer to user buffer containing string.

ulen

buffer size in bytes. If string is smaller than this then it must be terminated
with a\0.

maskp

pointer to bitmap array that will contain result.

nmaskbits

size of bitmap, in bits.

Description

Wrapper for bitmap_parselist, providing it with user buffer.
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We cannot have this as an inline function in bitmap.h because it needs
linux/uaccess.h to get the access_ok declaration and this causes cyclic
dependencies.

bitmap_remap
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Name

bitmap_remap — Apply map defined by a pair of bitmaps to another bitmap

Synopsis

void bitmap_remap (unsigned long * dst, const unsigned long =
src, const unsigned long * old, const unsigned long * new,
int bits);

Arguments

dst

remapped result

src

subset to be remapped

old

defines domain of map

new

defines range of map
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bits

number of bits in each of these bitmaps

Description

Let o1d and new define a mapping of bit positions, such that whatever position is
held by the n-th set bit in o1d is mapped to the n-th set bit in new. In the more
general case, allowing for the possibility that the weight w’ of new is less than the
weight of o1d, map the position of the n-th set bit in o1d to the position of the m-th
set bit in new, where m ==n % w.

If either of the o1d and new bitmaps are empty, or if src and dst point to the same
location, then this routine copies src to dst.

The positions of unset bits in o1d are mapped to themselves (the identify map).

Apply the above specified mapping to src, placing the result in dst, clearing any
bits previously set in dst.

For example, lets say that o1d has bits 4 through 7 set, and new has bits 12 through
15 set. This defines the mapping of bit position 4 to 12, 5to 13, 6 to 14 and 7 to 15,
and of all other bit positions unchanged. So if say src comes into this routine with
bits 1, 5 and 7 set, then dst should leave with bits 1, 13 and 15 set.

bitmap_bitremap

LINUX
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Name

bitmap_bitremap — Apply map defined by a pair of bitmaps to a single bit

Synopsis

int bitmap_bitremap (int oldbit, const unsigned long * old,
const unsigned long x new, int bits);
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Arguments

oldbit

bit position to be mapped

old

defines domain of map

new

defines range of map

bits

number of bits in each of these bitmaps

Description

Let o1d and new define a mapping of bit positions, such that whatever position is
held by the n-th set bit in o1d is mapped to the n-th set bit in new. In the more
general case, allowing for the possibility that the weight w’ of new is less than the
weight of o1d, map the position of the n-th set bit in o1d to the position of the m-th
set bit in new, where m ==n % w.

The positions of unset bits in o1d are mapped to themselves (the identify map).

Apply the above specified mapping to bit position oldbit, returning the new bit
position.

For example, lets say that o1d has bits 4 through 7 set, and new has bits 12 through
15 set. This defines the mapping of bit position 4 to 12, 5 to 13, 6 to 14 and 7 to 15,
and of all other bit positions unchanged. So if say oldbit is 5, then this routine
returns 13.

bitmap_onto

LINUX
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Name

bitmap_onto — translate one bitmap relative to another

Synopsis

void bitmap_onto (unsigned long * dst, const unsigned long =*
orig, const unsigned long * relmap, int bits);

Arguments

dst

resulting translated bitmap

orig

original untranslated bitmap

relmap

bitmap relative to which translated

bits

number of bits in each of these bitmaps

Description

Set the n-th bit of dst iff there exists some m such that the n-th bit of reimap is set,
the m-th bit of orig is set, and the n-th bit of reImap is also the m-th _set_ bit of
relmap. (If you understood the previous sentence the first time your read it, you're
overqualified for your current job.)

In other words, orig is mapped onto (surjectively) dst, using the the map { <n,
m> | the n-th bit of relmap is the m-th set bit of reimap }.

Any set bits in orig above bit number W, where W is the weight of (number of set
bits in) reImap are mapped nowhere. In particular, if for all bits m setin orig, m
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>= W, then dst will end up empty. In situations where the possibility of such an
empty result is not desired, one way to avoid it is to use the bitmap_fold operator,
below, to first fold the orig bitmap over itself so that all its set bits x are in the
range 0 <= x < W. The bitmap_fold operator does this by setting the bit (m % W)
in dst, for each bit (m) setin orig.

Example [1] for bitmap_onto: Let’s say relmap has bits 30-39 set, and orig has
bits 1, 3,5, 7,9 and 11 set. Then on return from this routine, dst will have bits 31,
33, 35, 37 and 39 set.

When bit 0 is set in orig, it means turn on the bit in dst corresponding to whatever
is the first bit (if any) that is turned on in relImap. Since bit O was off in the above
example, we leave off that bit (bit 30) in dst.

When bit 1 is set in orig (as in the above example), it means turn on the bit in dst
corresponding to whatever is the second bit that is turned on in reImap. The second
bit in reImap that was turned on in the above example was bit 31, so we turned on
bit 31 in dst.

Similarly, we turned on bits 33, 35, 37 and 39 in dst, because they were the 4th,
6th, 8th and 10th set bits set in relmap, and the 4th, 6th, 8th and 10th bits of orig
(i.e. bits 3, 5, 7 and 9) were also set.

When bit 11 is set in orig, it means turn on the bit in dst corresponding to
whatever is the twelfth bit that is turned on in relmap. In the above example, there
were only ten bits turned on in relmap (30..39), so that bit 11 was set in orig had
no affect on dst.

Example [2] for bitmap_fold +bitmap_onto: Let’s say relmap has these ten
bits set: 40 41 42 43 45 48 53 61 74 95 (for the curious, that’s 40 plus the first ten
terms of the Fibonacci sequence.)

Further lets say we use the following code, invoking bitmap_fold then
bitmap_onto, as suggested above to avoid the possitility of an empty dst result:

unsigned long *tmp; // a temporary bitmap’s bits

bitmap_fold(tmp, orig, bitmap_weight(relmap, bits), bits); bitmap_onto(dst, tmp,
relmap, bits);

Then this table shows what various values of dst would be, for various orig’s. I
list the zero-based positions of each set bit. The tmp column shows the intermediate
result, as computed by using bitmap_fold to fold the orig bitmap modulo ten
(the weight of relmap).

origtmp dst 00401141999510040(*)135713574143486101234
012344041424345091827098740617495010203004001122330
12340414243012243602464042455378102211128414274 (%)
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(*) For these marked lines, if we hadn’t first done bitmap_fold into tmp, then the
dst result would have been empty.

If either of orig or relmap is empty (no set bits), then dst will be returned empty.

If (as explained above) the only set bits in orig are in positions m where m >= W,
(where W is the weight of relmap) then dst will once again be returned empty.

All bits in dst not set by the above rule are cleared.

bitmap_fold

LINUX
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Name

bitmap_fold — fold larger bitmap into smaller, modulo specified size
Synopsis

void bitmap_fold (unsigned long * dst, const unsigned long =
orig, int sz, int bits);

Arguments

dst

resulting smaller bitmap
orig

original larger bitmap

Sz

specified size
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bits

number of bits in each of these bitmaps

Description

For each bit oldbit in orig, set bit oldbit mod sz in dst. Clear all other bits in dst.
See further the comment and Example [2] for bitmap_onto for why and how to
use this.

bitmap_find free_region
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Name

bitmap_find_free_region — find a contiguous aligned mem region

Synopsis

int bitmap_find free_region (unsigned long x bitmap, int bits,
int order);

Arguments

bitmap

array of unsigned longs corresponding to the bitmap

bits

number of bits in the bitmap
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order

region size (log base 2 of number of bits) to find

Description

Find a region of free (zero) bits in a bi tmap of bits bits and allocate them (set
them to one). Only consider regions of length a power (order) of two, aligned to
that power of two, which makes the search algorithm much faster.

Return the bit offset in bitmap of the allocated region, or -errno on failure.

bitmap_release_region

LINUX
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Name

bitmap_release_region — release allocated bitmap region

Synopsis

void bitmap_release_region (unsigned long x bitmap, int pos,
int order);

Arguments
bitmap
array of unsigned longs corresponding to the bitmap

pos

beginning of bit region to release
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order

region size (log base 2 of number of bits) to release

Description

This is the complement to __bitmap_find_free_region and releases the found
region (by clearing it in the bitmap).

No return value.

bitmap_allocate_region
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Name

bitmap_allocate_region — allocate bitmap region

Synopsis

int bitmap_allocate_region (unsigned long *x bitmap, int pos,

int order);

Arguments

bitmap

array of unsigned longs corresponding to the bitmap

pos

beginning of bit region to allocate
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order

region size (log base 2 of number of bits) to allocate

Description

Allocate (set bits in) a specified region of a bitmap.

Return 0 on success, or —~-EBUSY if specified region wasn’t free (not all bits were
ZEr0).

bitmap_copy _le
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Name

bitmap_copy_le — copy a bitmap, putting the bits into little-endian order.

Synopsis

void bitmap_copy_le (void * dst, const unsigned long % src,
int nbits);

Arguments

dst

destination buffer

sSrc

bitmap to copy
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nbits

number of bits in the bitmap

Description
Require nbits % BITS_PER_LONG == 0.

___bitmap_parselist
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Name

__bitmap_parselist — convert list format ASCII string to bitmap
Synopsis

int _ bitmap_parselist (const char x buf, unsigned int buflen,
int is _user, unsigned long x maskp, int nmaskbits);

Arguments

buf

read nul-terminated user string from this buffer

buflen

buffer size in bytes. If string is smaller than this then it must be terminated
with a\0.
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1s _user

location of buffer, O indicates kernel space

maskp

write resulting mask here

nmaskbits

number of bits in mask to be written

Description

Input format is a comma-separated list of decimal numbers and ranges.
Consecutively set bits are shown as two hyphen-separated decimal numbers, the
smallest and largest bit numbers set in the range.

Returns 0 on success, -errno on invalid input strings.

Error values

-EINVAL: second number in range smaller than first -EINVAL: invalid character in
string ~-ERANGE: bit number specified too large for mask

bitmap_pos _to ord
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Name

bitmap_pos_to_ord — find ordinal of set bit at given position in bitmap
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Synopsis

int bitmap_pos_to_ord (const unsigned long x buf, int pos, int
bits);

Arguments

buf

pointer to a bitmap

pos

a bit position in buf (0 <= pos < bits)

bits

number of valid bit positions in buf

Description

Map the bit at position pos in buf (of length bits) to the ordinal of which set bit it
is. If it is not set or if pos is not a valid bit position, map to -1.

If for example, just bits 4 through 7 are set in buf, then pos values 4 through 7 will
get mapped to O through 3, respectively, and other pos values will get mapped to 0.
When pos value 7 gets mapped to (returns) ord value 3 in this example, that means
that bit 7 is the 3rd (starting with Oth) set bit in buf.

The bit positions 0 through bits are valid positions in buf.

bitmap_ord to pos

LINUX
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Name

bitmap_ord_to_pos — find position of n-th set bit in bitmap

Synopsis

int bitmap_ord to_pos (const unsigned long x buf, int ord, int
bits);

Arguments

buf

pointer to bitmap

ord

ordinal bit position (n-th set bit, n >=0)

bits

number of valid bit positions in buf

Description

Map the ordinal offset of bit ord in buf to its position in buf. Value of ord should
be in range 0 <= ord < weight(buf), else results are undefined.

If for example, just bits 4 through 7 are set in buf, then ord values O through 3 will
get mapped to 4 through 7, respectively, and all other ord values return undefined
values. When ord value 3 gets mapped to (returns) pos value 7 in this example,
that means that the 3rd set bit (starting with Oth) is at position 7 in buf.

The bit positions 0 through bits are valid positions in buf.
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3.2. Command-line Parsing

get_option

LINUX
Kernel Hackers ManualMarch 2019

Name

get_option — Parse integer from an option string

Synopsis

int get_option (char xx str, int * pint);

Arguments

str

option string

pint

(output) integer value parsed from str

Description

Read an int from an option string; if available accept a subsequent comma as well.

Return values

0 - no int in string 1 - int found, no subsequent comma 2 - int found including a
subsequent comma 3 - hyphen found to denote a range
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get_options

LINUX
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Name

get_options — Parse a string into a list of integers

Synopsis

char * get_options (const char » str, int nints, int % ints);

Arguments

str

String to be parsed

nints
size of integer array
ints

integer array

Description

This function parses a string containing a comma-separated list of integers, a
hyphen-separated range of _positive_ integers, or a combination of both. The parse
halts when the array is full, or when no more numbers can be retrieved from the
string.
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Return value is the character in the string which caused the parse to end (typically a
null terminator, if st r is completely parseable).

memparse

LINUX
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Name

memparse — parse a string with mem suffixes into a number

Synopsis

unsigned long long memparse (const char x ptr, char *x
retptr);

Arguments

ptr

Where parse begins

retptr

(output) Optional pointer to next char after parse completes

Description

Parses a string into a number. The number stored at pt r is potentially suffixed with
K (for kilobytes, or 1024 bytes), M (for megabytes, or 1048576 bytes), or G (for
gigabytes, or 1073741824). If the number is suffixed with K, M, or G, then the
return value is the number multiplied by one kilobyte, one megabyte, or one
gigabyte, respectively.
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3.3. CRC Functions

crc’7

LINUX
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Name

crc7 — update the CRC7 for the data buffer

Synopsis

u8 cre7 (u8 crc, const u8 * buffer, size_t len);

Arguments

crc

previous CRC7 value

buffer

data pointer

len

number of bytes in the buffer

Context

any
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Description

Returns the updated CRC7 value.

crc16

LINUX
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Name

crcl6 — compute the CRC-16 for the data buffer

Synopsis

ul6 ecrel6é (ul6 crc, u8 const = buffer, size_t len);

Arguments

crc

previous CRC value

buffer

data pointer

len

number of bytes in the buffer

Description

Returns the updated CRC value.

121



Chapter 3. Basic Kernel Library Functions

crc itu t

LINUX
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Name

crc_itu_t — Compute the CRC-ITU-T for the data buffer

Synopsis

ul6 ecrec_itu_t (ul6 crc, const u8 * buffer, size_t len);

Arguments

crc

previous CRC value

buffer

data pointer

len

number of bytes in the buffer

Description

Returns the updated CRC value
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/ust/src/packages/BUILD/kernel-docs-
3.0.101/linux-3.0//lib/crc32.c

Name

/usr/src/packages/BUILD/kernel-docs—-3.0.101/1inux-3.0//1ib/crc32.c
— Document generation inconsistency

Oops

Warning

The template for this document tried to insert the structured
comment from the file
/usr/src/packages/BUILD/kernel-docs—-3.0.101/1inux-3J0//1ib/crc32.c
at this point, but none was found. This dummy section is
inserted to allow generation to continue.

crc_ccitt

LINUX
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Name

crc_ccitt — recompute the CRC for the data buffer
Synopsis

ul6 crc_ccitt (ul6 crc, u8 const *= buffer, size_t len);
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Arguments

crc

previous CRC value

buffer

data pointer

len

number of bytes in the buffer

3.4. idr/ida Functions

idr synchronization (stolen from radix-tree.h)

idr_findis able to be called locklessly, using RCU. The caller must ensure calls
to this function are made within rcu_read_1lock regions. Other readers (lock-free
or otherwise) and modifications may be running concurrently.

It is still required that the caller manage the synchronization and lifetimes of the
items. So if RCU lock-free lookups are used, typically this would mean that the
items have their own locks, or are amenable to lock-free access; and that the items
are freed by RCU (or only freed after having been deleted from the idr tree *and* a
synchronize_rcu grace period).

IDA - IDR based ID allocator

This is id allocator without id -> pointer translation. Memory usage is much lower
than full blown idr because each id only occupies a bit. ida uses a custom leaf node
which contains IDA_ BITMAP_BITS slots.

2007-04-25 written by Tejun Heo <htejungmai1.com>

idr_pre_get
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Name

idr_pre_get — reserve resources for idr allocation

Synopsis

int idr_pre_get (struct idr * idp, gfp_t gfp_mask);

Arguments
idp
idr handle

gfp_mask

memory allocation flags

Description

This function should be called prior to calling the idr_get_new™ functions. It
preallocates enough memory to satisfy the worst possible allocation. The caller
should pass in GFP_KERNEL if possible. This of course requires that no spinning
locks be held.

If the system is REALLY out of memory this function returns 0, otherwise 1.

idr_get_new_above

LINUX
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Name

idr_get_new_above — allocate new idr entry above or equal to a start id

Synopsis

int idr_get_new_above (struct idr x idp, void * ptr, int
starting id, int * 1id);

Arguments

idp
1dr handle

ptr

pointer you want associated with the id

starting_id
id to start search at
id

pointer to the allocated handle

Description

This is the allocate id function. It should be called with any required locks.

If allocation from IDR’s private freelist fails, idr_get_new_above will return
—-EAGAIN. The caller should retry the idr_pre_get call to refill IDR’s
preallocation and then retry the idr_get_new_above call.

If the idr is full idr_get_new_above will return ~-ENOSPC.

idreturns a value in the range starting id.. Ox7fffffff
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idr_get_new
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Name

idr_get_new — allocate new idr entry

Synopsis

int idr_get_new (struct idr * idp, void * ptr, int x 1id);

Arguments

idp

idr handle
ptr

pointer you want associated with the id
id

pointer to the allocated handle

Description

If allocation from IDR’s private freelist fails, idr_get_new_above will return
—-EAGAIN. The caller should retry the idr_pre_get call to refill IDR’s
preallocation and then retry the idr_get_new_above call.

If the idr is full idr_get_new_above will return ~-ENOSPC.

idreturns a value in the range 0 ... Ox7fffffff
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idr_remove
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Name

idr_remove — remove the given id and free its slot

Synopsis

void idr_remove (struct idr * idp, int id);

Arguments

idp
1dr handle
id

unique key

idr_remove_all
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Name

idr_remove_all — remove all ids from the given idr tree
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Synopsis

void idr_remove_all (struct idr x idp);

Arguments

idp
1dr handle

Description

idr_destroy only frees up unused, cached idp_layers, but this function will
remove all id mappings and leave all idp_layers unused.

A typical clean-up sequence for objects stored in an idr tree will use
idr_for_each to free all objects, if necessay, then idr_remove_all to remove
all ids, and idr_destroy to free up the cached idr_layers.

idr_destroy
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Name

idr_destroy — release all cached layers within an idr tree

Synopsis

void idr_destroy (struct idr x idp);
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Arguments

idp
idr handle

idr_find
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Name

idr_find — return pointer for given id

Synopsis

void » idr_find (struct idr * idp, int id);

Arguments
idp

idr handle
id

lookup key

Description

Return the pointer given the id it has been registered with. A NULL return indicates
that i d is not valid or you passed NULL in idr_get_new.
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This function can be called under rcu_read_1lock, given that the leaf pointers
lifetimes are correctly managed.

idr_for _each
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Name

idr_for_each — iterate through all stored pointers

Synopsis

int idr_for_each (struct idr * idp, int (xfn) (int id, void
*p, void xdata), void x data);

Arguments
idp
idr handle

fn

function to be called for each pointer

data

data passed back to callback function
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Description

Iterate over the pointers registered with the given idr. The callback function will be
called for each pointer currently registered, passing the id, the pointer and the data
pointer passed to this function. It is not safe to modify the idr tree while in the
callback, so functions such as idr_get_new and idr_remove are not allowed.

We check the return of £n each time. If it returns anything other than 0, we break
out and return that value.

The caller must serialize idr_for_each vs idr_get_new and idr_remove.

idr_get next

LINUX
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Name

idr_get_next — lookup next object of id to given id.

Synopsis

void x idr_get_next (struct idr » idp, int » nextidp);

Arguments

idp
idr handle

nextidp

pointer to lookup key
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Description

Returns pointer to registered object with id, which is next number to given id. After
being looked up, *next idp will be updated for the next iteration.

idr_replace
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Name

idr_replace — replace pointer for given id

Synopsis

void x idr_replace (struct idr * idp, void * ptr, int 1id);

Arguments
idp
idr handle

ptr

pointer you want associated with the id
id

lookup key
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Description

Replace the pointer registered with an id and return the old value. A ~ENOENT
return indicates that i d was not found. A —-EINVAL return indicates that i d was not
within valid constraints.

The caller must serialize with writers.

idr_init
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Kernel Hackers ManualMarch 2019

Name

idr_init — initialize idr handle

Synopsis

void idr_init (struct idr * idp);

Arguments

idp
1dr handle

Description

This function is use to set up the handle (i dp) that you will pass to the rest of the
functions.
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ida_pre_get
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Name

ida_pre_get — reserve resources for ida allocation

Synopsis

int ida_pre_get (struct ida * ida, gfp_t gfp_mask);

Arguments

ida
1da handle

gfp_mask

memory allocation flag

Description

This function should be called prior to locking and calling the following function. It
preallocates enough memory to satisfy the worst possible allocation.

If the system is REALLY out of memory this function returns 0, otherwise 1.

ida_get new_above

LINUX
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Name

ida_get_new_above — allocate new ID above or equal to a start id

Synopsis

int ida_get_new_above (struct ida * ida, int starting id, int
* p_id);

Arguments

ida

1da handle
starting id

id to start search at
p_id

pointer to the allocated handle

Description

Allocate new ID above or equal to ida. It should be called with any required locks.

If memory is required, it will return ~-EAGAIN, you should unlock and go back to the
ida_pre_get call. If the ida is full, it will return —-ENOSPC.

p_idreturns a value in the range starting_id.. Ox7fffffff.

136



Chapter 3. Basic Kernel Library Functions

ida_get _new
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Name

ida_get_new — allocate new ID

Synopsis

int ida_get_new (struct ida * ida, int * p_id);

Arguments

ida
1dr handle
p_id

pointer to the allocated handle

Description

Allocate new ID. It should be called with any required locks.

If memory is required, it will return ~-EAGAIN, you should unlock and go back to the
idr_pre_get call. If the idr is full, it will return —-ENOSPC.

idreturns a value in the range 0 ... Ox7f£f££££f.
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ida_remove
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Name

ida_remove — remove the given ID

Synopsis

void ida_remove (struct ida * ida, int id);

Arguments

ida
1da handle
id

ID to free

ida_destroy
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Name

ida_destroy — release all cached layers within an ida tree
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Synopsis

void ida_destroy (struct ida x ida);

Arguments

ida

1da handle

ida_simple get
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Name

ida_simple_get — get a new id.

Synopsis

int ida_simple_get (struct ida * ida, unsigned int start,
unsigned int end, gfp_t gfp mask);

Arguments

ida

the (initialized) ida.
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start

the minimum id (inclusive, < 0x8000000)

end

the maximum id (exclusive, < 0x8000000 or 0)

gfp_mask

memory allocation flags

Description

Allocates an id in the range start <= id < end, or returns -ENOSPC. On memory
allocation failure, returns -ENOMEM.

Use ida_simple_remove to get rid of an id.

ida_simple_remove
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Name

ida_simple_remove — remove an allocated id.

Synopsis

void ida_simple_remove (struct ida » ida, unsigned int 1id);
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Arguments
ida

the (initialized) ida.
id

the id returned by ida_simple_get.

ida_init

LINUX
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Name

ida_init — initialize ida handle

Synopsis

void ida_init (struct ida * ida);

Arguments

ida

1da handle

Description

This function is use to set up the handle (ida) that you will pass to the rest of the

functions.
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Linux

4.1. The Slab Cache

kmalloc_array
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Name

kmalloc_array — allocate memory for an array.

Synopsis

void x kmalloc_array (size_t n, size_t size, gfp_t flags);

Arguments

number of elements.

size

element size.

flags

the type of memory to allocate.

143



Chapter 4. Memory Management in Linux

Description

The flags argument may be one of:
GFP_USER - Allocate memory on behalf of user. May sleep.
GFP_KERNEL - Allocate normal kernel ram. May sleep.

GFP_ATOMIC - Allocation will not sleep. May use emergency pools. For example,
use this inside interrupt handlers.

GFP_HIGHUSER - Allocate pages from high memory.

GFP_NOIO - Do not do any I/O at all while trying to get memory.
GFP_NOF'S - Do not make any fs calls while trying to get memory.
GFP_NOWATIT - Allocation will not sleep.

___GFP_THISNODE - Allocate node-local memory only.

GFP_DMA - Allocation suitable for DMA. Should only be used for kmalloc caches.
Otherwise, use a slab created with SLAB_DMA.

Also it is possible to set different flags by OR’ing in one or more of the following
additional flags:

__GFP_COLD - Request cache-cold pages instead of trying to return cache-warm
pages.
__GFP_HIGH - This allocation has high priority and may use emergency pools.

__GFP_NOFATIL - Indicate that this allocation is in no way allowed to fail (think
twice before using).

___GFP_NORETRY - If memory is not immediately available, then give up at once.
___GFP_NOWARN - If allocation fails, don’t issue any warnings.
__GFP_REPEAT - If allocation fails initially, try once more before failing.

There are other flags available as well, but these are not intended for general use,
and so are not documented here. For a full list of potential flags, always refer to
linux/gfp.h.

kcalloc
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Name

kcalloc — allocate memory for an array. The memory is set to zero.
Synopsis

void » kecalloc (size_t n, size_t size, gfp_t flags);

Arguments

number of elements.

size

element size.

flags

the type of memory to allocate (see kmalloc).

kmalloc_node
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Name

kmalloc_node — allocate memory from a specific node
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Synopsis

void » kmalloc_node (size_t size, gfp_t flags, int node);

Arguments

size

how many bytes of memory are required.

flags

the type of memory to allocate (see kcalloc).

node

node to allocate from.

Description

kmalloc for non-local nodes, used to allocate from a specific node if available.
Equivalent to kmalloc in the non-NUMA single-node case.

kzalloc
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Name

kzalloc — allocate memory. The memory is set to zero.
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Synopsis

void » kzalloc (size_t size, gfp_t flags);

Arguments

size

how many bytes of memory are required.

flags

the type of memory to allocate (see kmalloc).

kzalloc_node
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Name

kzalloc_node — allocate zeroed memory from a particular memory node.
Synopsis

void » kzalloc_node (size_t size, gfp_t flags, int node);
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Arguments

size

how many bytes of memory are required.

flags

the type of memory to allocate (see kmalloc).

node

memory node from which to allocate

kmem_cache_create
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Name

kmem_cache_create — Create a cache.

Synopsis

struct kmem_cache * kmem cache_create (const char * name,
size_t size, size_t align, unsigned long flags, void (*ctor)
(void =*));

Arguments

name

A string which is used in /proc/slabinfo to identify this cache.
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size

The size of objects to be created in this cache.

align

The required alignment for the objects.

flags
SLAB flags

ctor

A constructor for the objects.

Description

Returns a ptr to the cache on success, NULL on failure. Cannot be called within a
int, but can be interrupted. The ctor is run when new pages are allocated by the
cache.

name must be valid until the cache is destroyed. This implies that the module
calling this has to destroy the cache before getting unloaded.

The flags are

SLAB_POISON - Poison the slab with a known test pattern (a5a5a5a5) to catch
references to uninitialised memory.

SLAB_RED_ZONE - Insert ‘Red’ zones around the allocated memory to check for
buffer overruns.

SLAB_HWCACHE_ALIGN - Align the objects in this cache to a hardware cacheline.
This can be beneficial if you’re counting cycles as closely as davem.

kmem_cache_shrink

LINUX
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Name

kmem_ cache_shrink — Shrink a cache.

Synopsis

int kmem cache_shrink (struct kmem_cache * cachep);

Arguments

cachep

The cache to shrink.

Description

Releases as many slabs as possible for a cache. To help debugging, a zero exit status
indicates all slabs were released.

kmem_cache_ destroy
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Name

kmem_cache_destroy — delete a cache
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Synopsis

void kmem_cache_destroy (struct kmem_cache * cachep);

Arguments

cachep

the cache to destroy

Description

Remove a struct kmem_cache object from the slab cache.

It is expected this function will be called by a module when it is unloaded. This will
remove the cache completely, and avoid a duplicate cache being allocated each time
a module is loaded and unloaded, if the module doesn’t have persistent in-kernel
storage across loads and unloads.

The cache must be empty before calling this function.

The caller must guarantee that no one will allocate memory from the cache during

the kmem_cache_destroy.

kmem_cache alloc
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Name

kmem_cache_alloc — Allocate an object
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Synopsis

void » kmem_cache_alloc (struct kmem_cache * cachep, gfp_t
flags);

Arguments

cachep

The cache to allocate from.

flags

See kmalloc.

Description

Allocate an object from this cache. The flags are only relevant if the cache has no
available objects.

kmem_cache free
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Name

kmem_cache_free — Deallocate an object
Synopsis

void kmem_cache_free (struct kmem_cache % cachep, void =
objp) ;
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Arguments

cachep

The cache the allocation was from.

objp

The previously allocated object.

Description

Free an object which was previously allocated from this cache.

kfree
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Name

k free — free previously allocated memory
Synopsis

void kfree (const void x objp);
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Arguments

objp

pointer returned by kmalloc.

Description

If objp is NULL, no operation is performed.

Don’t free memory not originally allocated by kmalloc or you will run into trouble.

ksize
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Name

ksize — get the actual amount of memory allocated for a given object

Synopsis

size_t ksize (const void *x objp);

Arguments

objp

Pointer to the object
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Description

kmalloc may internally round up allocations and return more memory than
requested. ksize can be used to determine the actual amount of memory allocated.
The caller may use this additional memory, even though a smaller amount of
memory was initially specified with the kmalloc call. The caller must guarantee that
objp points to a valid object previously allocated with either kmalloc or
kmem_cache_alloc. The object must not be freed during the duration of the call.

4.2. User Space Memory Access

__copy_to_user_inatomic
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Name

__copy_to_user_inatomic — Copy a block of data into user space, with
less checking.

Synopsis

unsigned long __must_check __ copy_to_user_ inatomic (void
__user * to, const void x from, unsigned long n);

Arguments

to

Destination address, in user space.
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from

Source address, in kernel space.

Number of bytes to copy.

Context

User context only.

Description

Copy data from kernel space to user space. Caller must check the specified block
with access_ok before calling this function. The caller should also make sure he
pins the user space address so that we don’t result in page fault and sleep.

Here we special-case 1, 2 and 4-byte copy_*_user invocations. On a fault we return
the initial request size (1, 2 or 4), as copy_*_user should do. If a store crosses a
page boundary and gets a fault, the x86 will not write anything, so this is accurate.

__copy_to_user
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Name

__copy_to_user — Copy a block of data into user space, with less checking.

Synopsis

unsigned long __must_check _ copy_to_user (void _ _user = to,
const void % from, unsigned long n);
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Arguments

to

Destination address, in user space.

from

Source address, in kernel space.

Number of bytes to copy.

Context

User context only. This function may sleep.

Description

Copy data from kernel space to user space. Caller must check the specified block
with access_ok before calling this function.

Returns number of bytes that could not be copied. On success, this will be zero.

__copy_from_user
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Name

__copy_from_user — Copy a block of data from user space, with less
checking.
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Synopsis

unsigned long __copy_from user (void * to, const void __user =
from, unsigned long n);

Arguments

to

Destination address, in kernel space.

from

Source address, in user space.

Number of bytes to copy.

Context

User context only. This function may sleep.

Description

Copy data from user space to kernel space. Caller must check the specified block
with access_ok before calling this function.

Returns number of bytes that could not be copied. On success, this will be zero.

If some data could not be copied, this function will pad the copied data to the
requested size using zero bytes.

An alternate version - __copy_from_user_inatomic - may be called from
atomic context and will fail rather than sleep. In this case the uncopied bytes will
*NOT* be padded with zeros. See fs/filemap.h for explanation of why this is
needed.
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strlen_user
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Name

strlen_user — Get the size of a string in user space.

Synopsis

strlen_user ( str);

Arguments

str

The string to measure.

Context

User context only. This function may sleep.

Description

Get the size of a NUL-terminated string in user space.

Returns the size of the string INCLUDING the terminating NUL. On exception,
returns 0.

If there is a limit on the length of a valid string, you may wish to consider using
strnlen_user instead.
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__strncpy_from_user

LINUX
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Name

__strncpy_from_user — Copy a NUL terminated string from userspace,

with less checking.

Synopsis

long __strncpy from_ user (char x dst, const char _ _user x src,
long count);

Arguments

dst
Destination address, in kernel space. This buffer must be at least count bytes
long.

src

Source address, in user space.

count

Maximum number of bytes to copy, including the trailing NUL.

Description

Copies a NUL-terminated string from userspace to kernel space. Caller must check
the specified block with access_ok before calling this function.

On success, returns the length of the string (not including the trailing NUL).

If access to userspace fails, returns -EFAULT (some data may have been copied).
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If count is smaller than the length of the string, copies count bytes and returns

count.

strncpy_from_user
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Name

strncpy_from_user — Copy a NUL terminated string from userspace.

Synopsis

long strncpy_from user (char = dst, const char __user * src,
long count);

Arguments

dst

Destination address, in kernel space. This buffer must be at least count bytes
long.

src

Source address, in user space.

count

Maximum number of bytes to copy, including the trailing NUL.
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Description

Copies a NUL-terminated string from userspace to kernel space.
On success, returns the length of the string (not including the trailing NUL).
If access to userspace fails, returns -EFAULT (some data may have been copied).

If count is smaller than the length of the string, copies count bytes and returns

count.

clear _user
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Name

clear_user — Zero a block of memory in user space.

Synopsis

unsigned long clear_user (void _ user x to, unsigned long n);

Arguments

to

Destination address, in user space.

Number of bytes to zero.
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Description

Zero a block of memory in user space.

Returns number of bytes that could not be cleared. On success, this will be zero.

__clear _user
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Name

__clear_user — Zero a block of memory in user space, with less checking.
Synopsis

unsigned long __ clear user (void __user * to, unsigned long
n);

Arguments

to

Destination address, in user space.

Number of bytes to zero.

Description

Zero a block of memory in user space. Caller must check the specified block with
access_ok before calling this function.
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Returns number of bytes that could not be cleared. On success, this will be zero.

strnlen_user
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Name

strnlen_user — Get the size of a string in user space.

Synopsis

long strnlen_user (const char _ _user x s, long n);

Arguments

The string to measure.

The maximum valid length

Description

Get the size of a NUL-terminated string in user space.

Returns the size of the string INCLUDING the terminating NUL. On exception,
returns 0. If the string is too long, returns a value greater than n.
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Name
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copy_to_user — Copy a block of data into user space.

Synopsis

unsigned long copy_to_user
from, unsigned long n);

Arguments

to

Destination address, in user space.

from

Source address, in kernel space.

Number of bytes to copy.

Context

(void user * to, const void =

User context only. This function may sleep.

Description

Copy data from kernel space to user space.

Returns number of bytes that could not be copied. On success, this will be zero.
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_copy_from_user
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Name

_copy_~from_user — Copy a block of data from user space.
Synopsis

unsigned long _copy_from user (void * to, const void __user =
from, unsigned long n);

Arguments

to

Destination address, in kernel space.
from

Source address, in user space.

Number of bytes to copy.

Context

User context only. This function may sleep.
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Description

Copy data from user space to kernel space.
Returns number of bytes that could not be copied. On success, this will be zero.

If some data could not be copied, this function will pad the copied data to the
requested size using zero bytes.

4.3. More Memory Management Functions

read_cache_pages
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Name

read_cache_pages — populate an address space with some pages & start
reads against them

Synopsis

int read_cache_pages (struct address_space x mapping, struct
list_head x pages, int (xfiller) (void %, struct page x), void
* data);

Arguments

mapping

the address_space
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pages

The address of a list_head which contains the target pages. These pages have
their ->index populated and are otherwise uninitialised.

filler

callback routine for filling a single page.

data

private data for the callback routine.

Description

Hides the details of the LRU cache etc from the filesystems.

page cache sync readahead
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Name

page_cache_sync_readahead — generic file readahead
Synopsis

void page_cache_sync_readahead (struct address_space =*
mapping, struct file_ra_state % ra, struct file x filp,
pgoff_t offset, unsigned long req _size);
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Arguments

mapping

address_space which holds the pagecache and I/O vectors

ra

file_ra_state which holds the readahead state

filp

passed on to ->readpage and ->readpages

offset

start offset into mapping, in pagecache page-sized units

req_size

hint: total size of the read which the caller is performing in pagecache pages

Description

page_cache_sync_readahead should be called when a cache miss happened: it
will submit the read. The readahead logic may decide to piggyback more pages onto
the read request if access patterns suggest it will improve performance.

page cache async readahead
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Name

page_cache_async_readahead — file readahead for marked pages
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Synopsis

void page_cache_async_readahead (struct address_space =
mapping, struct file_ra_state x ra, struct file % filp, struct
page x page, pgoff t offset, unsigned long req size);

Arguments

mapping

address_space which holds the pagecache and 1/0 vectors

ra

file_ra_state which holds the readahead state
filp
passed on to ->readpage and ->readpages

page

the page at of fset which has the PG_readahead flag set

offset

start offset into mapping, in pagecache page-sized units

req size

hint: total size of the read which the caller is performing in pagecache pages

Description

page_cache_async_readahead should be called when a page is used which has
the PG_readahead flag; this is a marker to suggest that the application has used up
enough of the readahead window that we should start pulling in more pages.
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delete_from_page cache

LINUX
Kernel Hackers ManualMarch 2019

Name

delete_from_page_cache — delete page from page cache

Synopsis

void delete_from_page_cache (struct page x page);

Arguments

page

the page which the kernel is trying to remove from page cache

Description

This must be called only on pages that have been verified to be in the page cache
and locked. It will never put the page into the free list, the caller has a reference on
the page.

filemap_flush

LINUX
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Name

filemap_flush — mostly a non-blocking flush

Synopsis

int filemap_flush (struct address_space * mapping) ;

Arguments

mapplng

target address_space

Description

This is a mostly non-blocking flush. Not suitable for data-integrity purposes - I/O
may not be started against all dirty pages.

filemap_fdatawait_range

LINUX
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Name

filemap_fdatawait_range — wait for writeback to complete
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Synopsis

int filemap_fdatawait_range (struct address_space * mapping,
loff_t start_byte, loff_t end byte);

Arguments

mapping

address space structure to wait for

start_byte

offset in bytes where the range starts

end_byte

offset in bytes where the range ends (inclusive)

Description

Walk the list of under-writeback pages of the given address space in the given range
and wait for all of them.

filemap_fdatawait

LINUX
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Name

filemap_fdatawait — wait for all under-writeback pages to complete
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Synopsis

int filemap_fdatawait (struct address_space * mapping);

Arguments

mapping

address space structure to wait for

Description

Walk the list of under-writeback pages of the given address space and wait for all of
them.

filemap_write and_wait_range

LINUX
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Name

filemap_write_and_wait_range — write out & wait on a file range

Synopsis

int filemap write_and wait_range (struct address_space *
mapping, loff_t lIstart, loff_t lend);
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Arguments

mapping

the address_space for the pages

lstart

offset in bytes where the range starts

lend

offset in bytes where the range ends (inclusive)

Description

Write out and wait upon file offsets Istart->lend, inclusive.

Note that ‘lend’ is inclusive (describes the last byte to be written) so that this
function can be used to write to the very end-of-file (end = -1).

replace_page cache_page

LINUX
Kernel Hackers ManualMarch 2019

Name

replace_page_cache_page — replace a pagecache page with a new one

Synopsis

int replace_page_cache_page (struct page » old, struct page =
new, gfp_t gfp_mask);
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Arguments

old

page to be replaced

new

page to replace with

gfp_mask

allocation mode

Description

This function replaces a page in the pagecache with a new one. On success it
acquires the pagecache reference for the new page and drops it for the old page.
Both the old and new pages must be locked. This function does not add the new
page to the LRU, the caller must do that.

The remove + add is atomic. The only way this function can fail is memory
allocation failure.

add_to page cache locked
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Name

add_to_page_cache_locked — add a locked page to the pagecache
Synopsis

int add_to_page_cache_locked (struct page % page, struct
address_space * mapping, pgoff_t offset, gfp_t gfp _mask);
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Arguments
page
page to add

mapping

the page’s address_space

offset

page index

gfp_mask

page allocation mode

Description

This function is used to add a page to the pagecache. It must be locked. This
function does not add the page to the LRU. The caller must do that.

add_page wait_queue
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Name

add_page_wait_gueue — Add an arbitrary waiter to a page’s wait queue
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Synopsis

void add_page_wait_queue (struct page * page, wait_qgueue_t =
waiter);

Arguments

page

Page defining the wait queue of interest

waiter

Waiter to add to the queue

Description

Add an arbitrary waiter to the wait queue for the nominated page.

unlock page

LINUX
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Name

unlock_page — unlock a locked page
Synopsis

void unlock_page (struct page * page);
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Arguments

page

the page

Description

Unlocks the page and wakes up sleepersin ____wait_on_page_locked. Also
wakes sleepers in wait_on_page_writeback because the wakeup mechananism
between PagelLocked pages and PageWriteback pages is shared. But that’s OK -
sleepers in wait_on_page_writeback just go back to sleep.

The mb is necessary to enforce ordering between the clear_bit and the read of the
waitqueue (to avoid SMP races with a parallel wait_on_page_locked).

end_page_ writeback

LINUX
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Name

end_page_writeback — end writeback against a page

Synopsis

void end_page_writeback (struct page * page);
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Arguments

page

the page

__lock page

LINUX
Kernel Hackers ManualMarch 2019

Name

__lock_page — get a lock on the page, assuming we need to sleep to get it

Synopsis

void __lock_page (struct page * page);

Arguments

page

the page to lock

find_get _page

LINUX
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Name

find_get_page — find and get a page reference

Synopsis

struct page * find get_page (struct address_space * mappling,
pgoff_t offset);

Arguments

mapping

the address_space to search

offset

the page index

Description

Is there a pagecache struct page at the given (mapping, offset) tuple? If yes,
increment its refcount and return it; if no, return NULL.

find_lock page

LINUX
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Name

find_lock_page — locate, pin and lock a pagecache page

Synopsis

struct page * find_lock _page (struct address_space x mapping,
pgoff_t offset);

Arguments

mapping

the address_space to search

offset

the page index

Description

Locates the desired pagecache page, locks it, increments its reference count and
returns its address.

Returns zero if the page was not present. find_lock_page may sleep.

find_or_create page

LINUX
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Name

find_or_create_page — locate or add a pagecache page

Synopsis

struct page * find_or_create_page (struct address_space x*
mapping, pgoff_t index, gfp_t gfp mask);

Arguments

mapping

the page’s address_space

index

the page’s index into the mapping

gfp_mask

page allocation mode

Description

Locates a page in the pagecache. If the page is not present, a new page is allocated
using gfp_mask and is added to the pagecache and to the VM’s LRU list. The
returned page is locked and has its reference count incremented.

find_or_create_page may sleep, even if gfp_flags specifies an atomic
allocation!

find_or_create_page returns the desired page’s address, or zero on memory
exhaustion.
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find_get _pages contig
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Name

find_get_pages_contig— gang contiguous pagecache lookup

Synopsis

unsigned find _get_pages_contig (struct address_space x*
mapping, pgoff_t index, unsigned int nr_pages, struct page *x*
pages) ;

Arguments

mapping

The address_space to search

index

The starting page index

nr_pages

The maximum number of pages

pages

Where the resulting pages are placed

Description

find_get_pages_contig works exactly like find_get_pages, except that the
returned number of pages are guaranteed to be contiguous.

find_get_pages_contig returns the number of pages which were found.
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find_get pages tag
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Name

find_get_pages_tag — find and return pages that match tag

Synopsis

unsigned find get_pages_tag (struct address_space * mapping,
pgoff_t x index, int tag, unsigned int nr_pages, struct page

** pages) ;

Arguments

mapping

the address_space to search

index

the starting page index

tag

the tag index

nr_pages

the maximum number of pages

pages

where the resulting pages are placed
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Description

Like find_get_pages, except we only return pages which are tagged with tag. We
update index to index the next page for the traversal.

grab _cache page nowait
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Name

grab_cache_page_nowait — returns locked page at given index in given
cache

Synopsis

struct page * grab_cache_page_nowait (struct address_space =*
mapping, pgoff_t index