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Chapter 1. Data Types
Doubly Linked Lists




Data Types

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. Thisis good for implementing stacks.




Data Types

Name
list_add tail — add a new entry
Synopsis
void list _add tail (struct list _head * new, struct |ist_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. Thisis useful for implementing queues.




Data Types

Name
__list_del_entry — deletes entry from list.
Synopsis
void _list _del _entry (struct list _head * entry);
Arguments
entry theeementto delete from thelist.
Note

[ i st _enpty onentry does not return true after this, the entry isin an undefined state.




Data Types

Name

list_replace — replace old entry by new one

Synopsis

void list _replace (struct list _head * old, struct |ist _head * new);

Arguments
ol d theelement to be replaced

new the new element to insert

Description

If ol d was empty, it will be overwritten.




Data Types

Name
list_del_init — deletes entry from list and reinitidizeit.

Synopsis
void list _del _init (struct list _head * entry);

Arguments

entry theeementto delete from thelist.




Data Types

Name

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

void list_nove (struct list_head * list, struct |list_head * head);
Arguments

list theentrytomove

head the head that will precede our entry




Data Types

Name

list_move tail — delete from one list and add as another's tail
Synopsis

void list _nove tail (struct list _head * list, struct |list_head * head);
Arguments

list theentrytomove

head the head that will follow our entry




Data Types

Name
list_is last — testswhether | i st isthelast entry inlist head

Synopsis
int list is last (const struct list _head * |ist, const struct |ist_head
* head);

Arguments

list theentryto test

head thehead of thelist




Data Types

Name

list_empty — tests whether alist is empty
Synopsis

int list_enpty (const struct |ist_head * head);
Arguments

head thelistto test.

10



Data Types

Name

list_empty_careful — tests whether alist is empty and not being modified
Synopsis

int list _enpty careful (const struct |list_head * head);
Arguments

head thelisttotest

Description

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

NOTE

using | i st _enpty_car ef ul without synchronization can only be safe if the only activity that can
happentothelistentryisl i st _del _i nit.Eg.itcannotbeusedif another CPU couldrel i st _add it.

11



Data Types

Name
list_rotate left — rotate thelist to the left

Synopsis
void list rotate left (struct |list_head * head);

Arguments

head the head of thelist

12



Data Types

Name

list_is singular — tests whether alist has just one entry.
Synopsis

int list_is singular (const struct list_head * head);
Arguments

head thelistto test.

13



Data Types

Name
list_cut_position — cut alist into two
Synopsis
void list _cut position (struct list _head * list, struct list _head *

head, struct list_head * entry);

Arguments
list anew list to add all removed entries

head alist with entries

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

Description

This helper movestheinitial part of head, uptoandincludingent ry, fromhead tol i st . You should
passon ent ry an element you know ison head. | i st should be an empty list or alist you do not care

about losing its data.

14



Data Types

Name
list_splice— join two lists, thisis designed for stacks

Synopsis
void list _splice (const struct list _head * list, struct list_head *
head) ;

Arguments

i st thenewlisttoadd.

head theplacetoadditinthefirstlist.

15



Data Types

Name

list_splice tail — join two lists, each list being a queue
Synopsis

voidlist _splice tail (struct list _head * list, struct |ist_head * head);
Arguments

i st thenewlisttoadd.

head theplacetoadditinthefirstlist.

16



Data Types

Name

list_splice init — join two lists and reinitialise the emptied list.

Synopsis

voidlist _splice init (struct list _head * list, struct |ist_head * head);

Arguments
[ist thenew listtoadd.

head theplacetoadditinthefirstlist.

Description

Thelistatl i st isreinitiaised

17



Data Types

Name
list_splice tail_init — join two lists and reinitialise the emptied list
Synopsis
void list _splice tail _init (struct list head * list, struct |ist_head
* head);
Arguments
[ist thenew listtoadd.
head theplacetoadditinthefirstlist.
Description

Each of thelistsisaqueue. Thelistat | i st isreinitialised

18



Data Types

Name
list_entry — get the struct for this entry

Synopsis

list _entry ( ptr, type, nenber);
Arguments

ptr the struct list_head pointer.

type the type of the struct thisis embedded in.

menber the name of the list_head within the struct.

19



Data Types

Name
list_first_entry — get the first element from alist

Synopsis
list first _entry ( ptr, type, nenber);
Arguments
ptr thelist head to take the element from.
type the type of the struct thisis embedded in.

menber the name of the list_head within the struct.

Description

Note, that list is expected to be not empty.

20



Data Types

Name
list_last_entry — get the last element from alist

Synopsis
list last_entry ( ptr, type, nenber);
Arguments
ptr thelist head to take the element from.
type the type of the struct thisis embedded in.

menber the name of the list_head within the struct.

Description

Note, that list is expected to be not empty.

21



Data Types

Name

list_first_entry_or_null — get the first element from alist
Synopsis

list first_entry or _null ( ptr, type, nenber);
Arguments

ptr thelist head to take the element from.

type the type of the struct thisis embedded in.

menber the name of the list_head within the struct.

Description

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

22



Data Types

Name

list_next_entry — get the next element in list
Synopsis

list _next_entry ( pos, nenber);
Arguments

pos the type * to cursor

menber the name of the list_head within the struct.

23



Data Types

Name

list_prev_entry — get the prev element in list
Synopsis

list _prev_entry ( pos, nenber);
Arguments

pos the type * to cursor

menber the name of the list_head within the struct.

24



Data Types

Name

list for_each — iterate over alist
Synopsis

list for_each ( pos, head);
Arguments

pos thestruct list_head to use asaloop cursor.

head the head for your list.

25



Data Types

Name

list_for_each prev — iterate over alist backwards
Synopsis

list for_each prev ( pos, head);
Arguments

pos thestruct list_head to use asaloop cursor.

head the head for your list.

26



Data Types

Name

list_for_each safe — iterate over alist safe against removal of list entry
Synopsis

list for_each_safe ( pos, n, head);
Arguments

pos thestruct list_head to use asaloop cursor.

n another struct list_head to use as temporary storage

head thehead for your list.

27



Data Types

Name

list_for_each prev_safe — iterate over alist backwards safe against removal of list entry
Synopsis

list for _each _prev_safe ( pos, n, head);
Arguments

pos thestruct list_head to use asaloop cursor.

n another struct list_head to use as temporary storage

head thehead for your list.

28



Data Types

Name

list_for_each entry — iterate over list of given type
Synopsis

list for _each_entry ( pos, head, nenber);
Arguments

pos the type * to use as aloop cursor.

head the head for your list.

menber the name of the list_head within the struct.

29



Data Types

Name

list_for_each entry reverse — iterate backwards over list of given type.
Synopsis

list for _each_entry reverse ( pos, head, nenber);
Arguments

pos the type * to use as aloop cursor.

head the head for your list.

menber the name of the list_head within the struct.
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Data Types

Name
list_prepare_entry — prepare aposentry for useinl i st_for_each_entry_conti nue
Synopsis
list _prepare_entry ( pos, head, nenber);
Arguments
pos the type * to use as a start point

head the head of thelist

menber the name of the list_head within the struct.

Description

Prepares apos entry for useasastart pointinl i st_for _each_entry_conti nue.
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Data Types

Name

list_for_each entry_continue — continue iteration over list of given type
Synopsis

list for_each_entry continue ( pos, head, nenber);
Arguments

pos the type * to use as aloop cursor.

head the head for your list.

menber the name of the list_head within the struct.

Description

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

32



Data Types

Name

list_for_each entry continue reverse — iterate backwards from the given point
Synopsis

list for_each_entry continue reverse ( pos, head, nenber);
Arguments

pos the type * to use as aloop cursor.

head the head for your list.

menber the name of the list_head within the struct.

Description

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

Name

list_for_each entry_from — iterate over list of given type from the current point
Synopsis

list for _each_entry from( pos, head, nenber);
Arguments

pos the type * to use as aloop cursor.

head the head for your list.

menber the name of the list_head within the struct.

Description

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




Data Types

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, nenber);
Arguments

pos the type * to use as aloop cursor.

n another type * to use as temporary storage

head the head for your list.

nmenber the name of thelist_head within the struct.
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Data Types

Name

list_for_each entry safe continue — continue list iteration safe against removal
Synopsis

list for_each_entry safe continue ( pos, n, head, nenber);
Arguments

pos the type * to use as aloop cursor.

n another type * to use as temporary storage

head the head for your list.

nmenber the name of thelist_head within the struct.

Description

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

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, nenber);
Arguments

pos the type * to use as aloop cursor.

n another type * to use as temporary storage

head the head for your list.

nmenber the name of thelist_head within the struct.

Description

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

Name

list_for_each entry safe reverse — iterate backwards over list safe against removal
Synopsis

list for _each _entry safe reverse ( pos, n, head, nenber);
Arguments

pos the type * to use as aloop cursor.

n another type * to use as temporary storage

head the head for your list.

nmenber the name of thelist_head within the struct.

Description

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

Name

list_safe reset_next — reset astalelist_for_each entry safeloop
Synopsis

list safe reset_next ( pos, n, nenber);
Arguments

pos the loop cursor used in the list_for_each_entry_safe loop

n temporary storage used in list_for_each _entry safe

menber the name of the list_head within the struct.
Description

list_safe reset_next is not safe to use in genera if the list may be modified concurrently (eg. the lock is
dropped in the loop body). An exception to this is if the 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.

39



Data Types

Name

hlist_for_each_entry — iterate over list of given type
Synopsis

hlist for_each entry ( pos, head, nenber);
Arguments

pos the type * to use as aloop cursor.

head the head for your list.

nmenber the name of the hlist_node within the struct.
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Data Types

Name

hlist_for_each_entry continue — iterate over a hlist continuing after current point
Synopsis

hlist for_each _entry continue ( pos, nenber);
Arguments

pos the type * to use as aloop cursor.

menber the name of the hlist_node within the struct.
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Data Types

Name

hlist_for_each_entry from — iterate over a hlist continuing from current point
Synopsis

hlist for_each _entry from ( pos, nenber);
Arguments

pos the type * to use as aloop cursor.

menber the name of the hlist_node within the struct.
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Data Types

Name

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

hlist for_each entry safe ( pos, n, head, nenber);
Arguments

pos the type * to use as aloop cursor.

n another struct hlist_node to use as temporary storage

head the head for your list.

menber 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.

String Conversions




Basic C Library Functions

Name

simple_strtoull — convert a string to an unsigned long long

Synopsis

unsigned long long sinple_strtoull (const char * cp,
unsi gned i nt base);

Arguments
cp The start of the string
endp A pointer to the end of the parsed string will be placed here

base Thenumber baseto use

Description

This function is obsolete. Please use kstrtoull instead.

char

* %

endp,
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Basic C Library Functions

Name
simple_strtoul — convert a string to an unsigned long

Synopsis
unsi gned long sinple_strtoul (const char * cp, char ** endp, unsigned
i nt base);

Arguments

cp The start of the string
endp A pointer to the end of the parsed string will be placed here

base Thenumber baseto use

Description

This function is obsolete. Please use kstrtoul instead.
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Basic C Library Functions

Name

simple_strtol — convert astring to asigned long

Synopsis

long sinple_strtol (const char * cp, char ** 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 Thenumber baseto use

Description

This function is obsolete. Please use kstrtol instead.
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Basic C Library Functions

Name
simple_strtoll — convert a string to asigned long long

Synopsis
long long sinple_strtoll (const char * cp, char ** 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 Thenumber baseto use

Description

This function is obsolete. Please use kstrtoll instead.

48



Basic C Library Functions

Name

vsnprintf — Format a string and placeit in a buffer
Synopsis
int vsnprintf (char * buf, size t size, const char * fnt, va_ |list args);

Arguments
buf The buffer to place the result into
si ze Thesize of the buffer, including the trailing null space
fnt The format string to use

args Argumentsfor the format string

Description

This function generally follows C99 vsnprintf, but has some

extensions and a few limitations

n is unsupported p* ishandled by poi nt er
See poi nt er or Documentation/printk-formats.txt for more extensive description.
** P ease update the documentation in both places when making changes **

The return value is the number of characters which would be generated for the given input, excluding the
trailing \O', as per 1SO C99. If you want to have the exact number of characterswritten into buf asreturn
value (not including the trailing \0'), use vscnpr i nt f . If the return is greater than or equal to si ze,
the resulting string is truncated.

If you're not already dealing with ava list consider using snpri nt f .
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Basic C Library Functions

Name

vsenprintf — Format a string and place it in a buffer
Synopsis

int vscnprintf (char * buf, size t size, const char * fnt, va |list args);
Arguments

buf The buffer to place the result into

si ze Thesize of the buffer, including the trailing null space

fnt The format string to use

args Argumentsfor the format string

Description

Thereturn valueisthe number of characterswhich have beenwrittenintothebuf notincluding thetrailing
\0'. If si ze is== 0 the function returns 0.

If you're not already dealing with ava list consider using scnpri nt f .

Seethevsnpri nt f documentation for format string extensions over C99.
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Basic C Library Functions

Name

snprintf — Format a string and place it in a buffer
Synopsis

int snprintf (char * buf, size t size, const char * fnt, ...);
Arguments

buf The buffer to place the result into
si ze Thesize of the buffer, including the trailing null space
fm 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, asper 1ISO C99. If thereturn is greater than or equal to si ze, theresulting string is truncated.

Seethevsnpri nt f documentation for format string extensions over C99.
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Basic C Library Functions

Name

scnprintf — Format a string and placeit in abuffer
Synopsis

int scnprintf (char * buf, size t size, const char * fm, ...);
Arguments

buf The buffer to place the result into
si ze Thesize of the buffer, including the trailing null space
fm 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 \O'. If si ze is
== 0 the function returns O.
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Basic C Library Functions

Name

vsprintf — Format a string and place it in a buffer

Synopsis

int vsprintf (char * buf, const char * fnt, va list args);

Arguments
buf The buffer to place the result into
fnt The format string to use

args Argumentsfor the format string

Description

The function returns the number of characters written into buf . Usevsnprintf orvscnprintf in
order to avoid buffer overflows.

If you're not already dealing with ava list consider usingspri nt f .

Seethevsnpri nt f documentation for format string extensions over C99.
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Basic C Library Functions

Name

sprintf — Format a string and place it in a buffer
Synopsis

int sprintf (char * buf, const char * fnt, ...);
Arguments

buf  The buffer to place the result into

fnt Theformat string to use @...: Arguments for the format string

variable arguments

Description

Thefunction returns the number of characterswritteninto buf . Usesnpri ntf orscnpri ntf inorder
to avoid buffer overflows.

Seethevsnpri nt f documentation for format string extensions over C99.




Basic C Library Functions

Name
vbin_printf — Parse aformat string and place args binary value in a buffer

Synopsis
int vbin printf (u32 * bin_buf, size t size, const char * fnt, va_list
args);

Arguments

bi n_buf Thebuffer to place args binary value

si ze The size of the buffer(by words(32bits), not characters)
fnt The format string to use
args Arguments for the format string

Description

The format follows C99 vsnprintf, except n isignored, and its argument is skipped.

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 si ze, the resulting bin_buf isNOT valid for bstr _printf.
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Basic C Library Functions

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 * fnt,
* bin_buf);
Arguments
buf The buffer to place the result into
si ze The size of the buffer, including the trailing null space
fnt The format string to use

bi n_buf Binary argumentsfor the format string

Description

const u32

This function like C99 vsnprintf, but the difference is that vsnprintf gets arguments from stack, and
bstr_printf gets arguments from bi n_buf which isabinary buffer that generated by vbin_printf.

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

Thereturn value is the number of characters which would be generated for the given input, excluding the
trailing \O', as per 1SO C99. If you want to have the exact number of characterswritten into buf asreturn
value (not including the trailing \0"), use vscnpri nt f . If the return is greater than or equal to si ze,

the resulting string is truncated.
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Basic C Library Functions

Name

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

int bprintf (u32 * bin_buf, size t size, const char * fnt, ...);
Arguments

bi n_buf Thebuffer to place args binary value

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

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

variable arguments

Description

The function returns the number of words(u32) written into bi n_buf .
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Basic C Library Functions

Name

vsscanf — Unformat a buffer into alist of arguments
Synopsis
i nt vsscanf (const char * buf, const char * fnt, va list args);

Arguments

buf input buffer
fmt format of buffer

args arguments
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Basic C Library Functions

Name

sscanf — Unformat a buffer into alist of arguments
Synopsis

int sscanf (const char * buf, const char * fnt,
Arguments

buf input buffer

fnt formatting of buffer @...: resulting arguments

variable arguments
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Basic C Library Functions

Name

kstrtol — convert a string to along
Synopsis

int kstrtol (const char * s, unsigned int base, long * res);
Arguments

S The start of the string. The string must be null-terminated, and may also include a single newline

beforeits terminating null. The first character may also be a plus sign or aminus sign.

base The number base to use. The maximum supported base is 16. If base is given as O, then the base
of the string is automatically detected with the conventional semantics - If it begins with Ox the
number will be parsed as a hexadecimal (case insensitive), if it otherwise beginswith O, it will be
parsed as an octal number. Otherwise it will be parsed as adecimal.

res Where to write the result of the conversion on success.
Description

Returns 0 on success, -ERANGE on overflow and -EINVAL on parsing error. Used as a replacement for
the obsolete simple_strtoull. Return code must be checked.
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Basic C Library Functions

Name

kstrtoul — convert a string to an unsigned long
Synopsis

int kstrtoul (const char * s, unsigned int base, unsigned |long * res);
Arguments

S The start of the string. The string must be null-terminated, and may also include a single newline

before its terminating null. The first character may also be a plus sign, but not aminus sign.

base The number base to use. The maximum supported base is 16. If base is given as O, then the base
of the string is automatically detected with the conventional semantics - If it begins with Ox the
number will be parsed as a hexadecimal (case insensitive), if it otherwise beginswith O, it will be
parsed as an octal number. Otherwise it will be parsed as adecimal.

res Where to write the result of the conversion on success.
Description

Returns 0 on success, -ERANGE on overflow and -EINVAL on parsing error. Used as a replacement for
the obsolete simple_strtoull. Return code must be checked.
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Basic C Library Functions

Name
kstrtoull — convert a string to an unsigned long long
Synopsis
int kstrtoull (const char * s, unsigned int base, unsigned |ong |ong
* res);
Arguments
S The start of the string. The string must be null-terminated, and may also include a single newline

before its terminating null. The first character may also be a plus sign, but not aminus sign.

base The number base to use. The maximum supported base is 16. If base is given as O, then the base
of the string is automatically detected with the conventional semantics - If it begins with Ox the
number will be parsed as a hexadecimal (case insensitive), if it otherwise beginswith O, it will be
parsed as an octal number. Otherwise it will be parsed as adecimal.

res Where to write the result of the conversion on success.
Description

Returns 0 on success, -ERANGE on overflow and -EINVAL on parsing error. Used as a replacement for
the obsolete simple_strtoull. Return code must be checked.
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Basic C Library Functions

Name

kstrtoll — convert a string to along long
Synopsis

int kstrtoll (const char * s, unsigned int base, long long * res);
Arguments

S The start of the string. The string must be null-terminated, and may also include a single newline

beforeits terminating null. The first character may also be a plus sign or aminus sign.

base The number base to use. The maximum supported base is 16. If base is given as O, then the base
of the string is automatically detected with the conventional semantics - If it begins with Ox the
number will be parsed as a hexadecimal (case insensitive), if it otherwise beginswith O, it will be
parsed as an octal number. Otherwise it will be parsed as adecimal.

res Where to write the result of the conversion on success.
Description

Returns 0 on success, -ERANGE on overflow and -EINVAL on parsing error. Used as a replacement for
the obsolete simple_strtoull. Return code must be checked.
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Basic C Library Functions

Name

kstrtouint — convert a string to an unsigned int
Synopsis

int kstrtouint (const char * s, unsigned int base, unsigned int * res);
Arguments

S The start of the string. The string must be null-terminated, and may also include a single newline

before its terminating null. The first character may also be a plus sign, but not aminus sign.

base The number base to use. The maximum supported base is 16. If base is given as O, then the base
of the string is automatically detected with the conventional semantics - If it begins with Ox the
number will be parsed as a hexadecimal (case insensitive), if it otherwise beginswith O, it will be
parsed as an octal number. Otherwise it will be parsed as adecimal.

res Where to write the result of the conversion on success.
Description

Returns 0 on success, -ERANGE on overflow and -EINVAL on parsing error. Used as a replacement for
the obsolete simple_strtoull. Return code must be checked.




Basic C Library Functions

Name

kstrtoint — convert a string to an int
Synopsis

int kstrtoint (const char * s, unsigned int base, int * res);
Arguments

S The start of the string. The string must be null-terminated, and may also include a single newline

beforeits terminating null. The first character may also be a plus sign or aminus sign.

base The number base to use. The maximum supported base is 16. If base is given as O, then the base
of the string is automatically detected with the conventional semantics - If it begins with Ox the
number will be parsed as a hexadecimal (case insensitive), if it otherwise beginswith O, it will be
parsed as an octal number. Otherwise it will be parsed as adecimal.

res Where to write the result of the conversion on success.

Description

Returns 0 on success, -ERANGE on overflow and -EINVAL on parsing error. Used as a replacement for
the obsolete simple_strtoull. Return code must be checked.

String Manipulation
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Basic C Library Functions

Name

strncasecmp — Case insensitive, length-limited string comparison
Synopsis

int strncasecnp (const char * sl1, const char * s2, size t len);
Arguments

sl Onestring

s2  Theother string

[ en the maximum number of charactersto compare
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Basic C Library Functions

Name
strepy — Copy a NUL terminated string

Synopsis
char * strcpy (char * dest, const char * src);
Arguments

dest Whereto copy the string to

src  Whereto copy the string from
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Basic C Library Functions

Name
strncpy — Copy alength-limited, C-string
Synopsis

char * strncpy (char * dest, const char * src, size_t count);

Arguments
dest Where to copy the string to
src Where to copy the string from

count  The maximum number of bytes to copy

Description

Theresultisnot NUL- t er mi nat ed if the source exceeds count bytes.

In the case where the length of sr ¢ is less than that of count, the remainder of dest will be padded
with NUL.
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Basic C Library Functions

Name
stricpy — Copy a C-string into a sized buffer

Synopsis

size t strlcpy (char * dest, const char * src, size_ t size);
Arguments

dest Whereto copy the string to

src  Whereto copy the string from

si ze sizeof destination buffer

BSD

the result is always avalid 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 r ncpy does.
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Basic C Library Functions

Name
strscpy — Copy a C-string into a sized buffer

Synopsis
ssize_t strscpy (char * dest, const char * src, size t count);

Arguments
dest Where to copy the string to
src Where to copy the string from

count Size of destination buffer

Description

Copy the string, or as much of it asfits, into the dest buffer. The routine returns the number of characters
copied (not including thetrailing NUL) or -E2BI G if the destination buffer wasn't big enough. The behavior
is undefined if the string buffers overlap. The destination buffer is always NUL terminated, unless it's
zero-sized.

Preferred to st r1 cpy since the API doesn't require reading memory from the src string beyond the
specified “count” bytes, and since the return value is easier to error-check than st r | cpy's. In addition,
the implementation is robust to the string changing out from underneath it, unlike the current st r I cpy
implementation.

Preferred to st r ncpy since it aways returns a valid string, and doesn't unnecessarily force the tail of
the destination buffer to be zeroed. If the zeroing is desired, it's likely cleaner to use st r scpy with an
overflow test, then just menset thetail of the dest buffer.
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Basic C Library Functions

Name
strcat — Append one NUL- t er mi nat ed string to another

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

dest Thestring to be appended to

src  Thestring to append to it
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Basic C Library Functions

Name
strncat — Append alength-limited, C-string to another

Synopsis

char * strncat (char * dest, const char * src, size_t count);
Arguments

dest The string to be appended to

src The string to append to it

count  The maximum numbers of bytesto copy

Description

Note that in contrast to st r ncpy, st r ncat ensuresthe result is terminated.
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Basic C Library Functions

Name
stricat — Append a length-limited, C-string to another

Synopsis

size t strlcat (char * dest, const char * src, size_t count);
Arguments

dest The string to be appended to

src The string to append to it

count Thesize of the destination buffer.
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Basic C Library Functions

Name

stremp — Compare two strings
Synopsis

int strcnmp (const char * c¢s, const char * ct);
Arguments

cs Onestring

ct  Another string
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Basic C Library Functions

Name

strnemp — Compare two length-limited strings
Synopsis

int strncmp (const char * cs, const char * ct,
Arguments

(XS} One string

ct Another string

count  Themaximum number of bytesto compare

size_t count);
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Basic C Library Functions

Name

strchr — Find the first occurrence of a character in astring
Synopsis
char * strchr (const char * s, int c);

Arguments

s Thestring to be searched

¢ The character to search for
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Basic C Library Functions

Name

strchrnul — Find and return a character in a string, or end of string

Synopsis

char * strchrnul (const char * s, int c);
Arguments

s Thestring to be searched

¢ Thecharacter to search for

Description

Returns pointer to first occurrence of 'c' in s. If ¢ is not found, then return a pointer to the null byte at
theend of s.
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Basic C Library Functions

Name

strrchr — Find the last occurrence of acharacter in astring
Synopsis
char * strrchr (const char * s, int c);

Arguments

s Thestring to be searched

¢ The character to search for
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Basic C Library Functions

Name

strnchr — Find a character in alength limited string
Synopsis

char * strnchr (const char * s, size t count, int c);
Arguments

S The string to be searched

count Thenumber of charactersto be searched

c The character to search for
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Basic C Library Functions

Name

SKip_spaces — Removes leading whitespace from st r .
Synopsis

char * skip_spaces (const char * str);
Arguments

str Thestring to be stripped.
Description

Returns a pointer to the first non-whitespace character instr .
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Basic C Library Functions

Name

strim — Removes |leading and trailing whitespace from s.
Synopsis

char * strim (char * s);
Arguments

s Thestring to be stripped.

Description

Notethat thefirst trailing whitespaceisreplaced withaNUL- t er ni nat or inthegivenstrings. Returns
apointer to the first non-whitespace character in s.
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Basic C Library Functions

Name
strlen — Find the length of a string

Synopsis
size_t strlen (const char * s);

Arguments

s Thestring to be sized
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Basic C Library Functions

Name

strnlen — Find the length of alength-limited string
Synopsis

size_t strnlen (const char * s, size_t count);
Arguments

S The string to be sized

count  Themaximum number of bytes to search
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Basic C Library Functions

Name

strspn — Calculate the length of theinitial substring of s which only contain lettersin accept
Synopsis

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

S The string to be searched

accept Thestring to search for




Basic C Library Functions

Name

strcspn — Calculate the length of the initial substring of s which does not contain lettersinr ej ect
Synopsis

size_t strcspn (const char * s, const char * reject);
Arguments

S The string to be searched

rej ect Thestringto avoid
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Basic C Library Functions

Name

strpbrk — Find the first occurrence of a set of characters
Synopsis
char * strpbrk (const char * c¢s, const char * ct);

Arguments

cs Thestring to be searched

ct The charactersto search for
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Basic C Library Functions

Name
strsep — Split a string into tokens

Synopsis
char * strsep (char ** s, const char * ct);
Arguments

s  Thestring to be searched

ct The charactersto search for

Description
st r sep 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. ;)

87



Basic C Library Functions

Name

sysfs_streq — return trueif strings are equal, modulo trailing newline

Synopsis

bool sysfs_streq (const char * sl1, const char * s2);

Arguments
sl onestring

s2 another string

Description

Thisroutine 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 input strings, which generally terminate with newlines
but are compared against values without newlines.
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Basic C Library Functions

Name

strtobool — convert common user inputs into boolean values
Synopsis

int strtobool (const char * s, bool * res);
Arguments

S input string

res result

Description

Thisroutine returns O iff the first character is one of "Yy1NnQ'. Otherwise it will return -EINVAL. Vaue
pointed to by resis updated upon finding a match.
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Basic C Library Functions

Name

memset — Fill aregion of memory with the given value
Synopsis

void * nmenset (void * s, int ¢, size t count);
Arguments

S Pointer to the start of the area.

c The byte to fill the areawith

count Thesizeof thearea

Description

Do not use nenset to access 1O space, use menset _i o instead.
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Basic C Library Functions

Name

memzero_explicit — Fill aregion of memory (e.g. sensitive keying data) with Os.
Synopsis

void nenezero_explicit (void * s, size_ t count);
Arguments

S Pointer to the start of the area.

count Thesizeof thearea

Note

usually using menset isjust fine (1), but in cases where clearing out _|local _ data at the end of ascopeis
necessary, menezer o_expl i ci t should beused instead in order to prevent the compiler from optimising
away zeroing.

nmenezer o_explicit doesn't need an arch-specific version as it just invokes the one of nenset
implicitly.
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Basic C Library Functions

Name

memcpy — Copy one area of memory to another

Synopsis

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

Arguments
dest Where to copy to
src Where to copy from

count Thesizeof thearea

Description

Y ou should not use this function to access |O space, use nentpy_t oi o or nencpy_from o instead.
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Basic C Library Functions

Name

memmove — Copy one area of memory to another

Synopsis

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

Arguments
dest Where to copy to
src Where to copy from

count Thesizeof thearea

Description

Unlike mencpy, menmmove copes with overlapping aress.
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Basic C Library Functions

Name

memcmp — Compare two areas of memory
Synopsis

__visible int nencnp (const void * c¢s, const void * ct, size_t count);
Arguments

(XS} One area of memory

ct Another area of memory

count Thesizeof thearea
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Basic C Library Functions

Name

memscan — Find a character in an area of memory.

Synopsis

void * menscan (void * addr, int c, size_ t size);
Arguments

addr Thememory area

c The byte to search for

si ze Thesizeof thearea

Description

returns the address of the first occurrence of c, or 1 byte past the areaif ¢ is not found
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Basic C Library Functions

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

Synopsis
char * strstr (const char * s1, const char * s2);
Arguments

sl The string to be searched

s2 Thestring to search for
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Basic C Library Functions

Name
strnstr — Find the first substring in alength-limited string

Synopsis

char * strnstr (const char * sl1, const char * s2, size t len);
Arguments

sl Thestring to be searched

s2  Thestring to search for

| en the maximum number of charactersto search
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Basic C Library Functions

Name

memchr — Find a character in an area of memory.

Synopsis

void * menchr (const void * s, int c, size t n);
Arguments

s Thememory area

¢ Thebyteto search for

n Thesize of the area

Description

returns the address of the first occurrence of ¢, or NULL if ¢ is not found
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Basic C Library Functions

Name

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

void * menchr_inv (const void * start, int c, size_ t bytes);
Arguments

start Thememory area
c Find a character other than c

byt es Thesizeof the area.
Description

returns the address of the first character other than ¢, or NULL if the whole buffer containsjust c.
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Basic C Library Functions

Name

strreplace — Replace all occurrences of character in string.
Synopsis

char * strreplace (char * s, char old, char new;
Arguments

S The string to operate on.

ol d The character being replaced.

new The character ol d isreplaced with.

Description

Returns pointer to the nul byte at the end of s.

Bit Operations
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Basic C Library Functions

Name
set_bit — Atomically set abit in memory

Synopsis

void set_bit (long nr, volatile unsigned |long * addr);
Arguments

nr the bit to set

addr theaddressto start counting from
Description

This function is atomic and may not be reordered. See __set _bi t 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.
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Basic C Library Functions

Name
__set bit — Set abit in memory

Synopsis
void _set bit (long nr, volatile unsigned | ong * addr);
Arguments

nr the bit to set

addr theaddressto start counting from

Description

Unlike set _bi t, 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.
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Name

clear_bit — Clears abit in memory
Synopsis

void clear_bit (long nr, volatile unsigned | ong * addr);
Arguments

nr Bit to clear

addr Addressto start counting from

Description

clear_bit is aomic and may not be reordered. However, it does not contain a memory
barrier, so if it is used for locking purposes, you should cal snp_nb___bef ore_at om ¢ and/or
snp_nb__after_at om c inorder to ensure changes are visible on other processors.
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Name

__change_bit — Toggle abit in memory
Synopsis

void _ change_bit (long nr, volatile unsigned |long * addr);
Arguments

nr the bit to change

addr theaddressto start counting from

Description

Unlikechange_bi t , thisfunction 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.
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Name

change bit — Toggle a bit in memory
Synopsis

void change bit (long nr, volatile unsigned |ong * addr);
Arguments

nr Bit to change

addr Addressto start counting from

Description

change_bi t isatomic and may not be reordered. Note that nr may be amost arbitrarily large; this
function is not restricted to acting on a single-word quantity.
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Name
test_and_set bit — Set abit and return its old value
Synopsis
int test_and_set _bit (long nr, volatile unsigned |ong * addr);
Arguments
nr Bit to set
addr  Address to count from
Description

This operation is atomic and cannot be reordered. It also implies amemory barrier.
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Name
test and_set bit lock — Set abit and return its old value for lock
Synopsis
int test_and _set _bit lock (long nr, volatile unsigned |ong * addr);
Arguments
nr Bit to set
addr Addressto count from
Description

Thisisthe same astest_and _set_hit on x86.
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Name

__test and_set bit — Set abit and return its old value
Synopsis

int test _and set _bit (long nr, volatile unsigned |long * addr);
Arguments

nr Bit to set

addr Addressto 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. Y ou must protect multiple accesses with alock.
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Name
test_and_clear_bit — Clear abit and returnits old value
Synopsis
int test_and clear_bit (long nr, volatile unsigned |long * addr);
Arguments
nr Bit to clear
addr Addressto count from
Description

This operation is atomic and cannot be reordered. It also implies amemory barrier.
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Name

__test and clear_bit — Clear abit and return its old value
Synopsis

int test _and clear_bit (long nr, volatile unsigned |long * addr);
Arguments

nr Bit to clear

addr Addressto 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. Y ou must protect multiple accesses with alock.

Note

the operation is performed atomically with respect to the local CPU, but not other CPUs. Portable code
should not rely on this behaviour. KVM relies on this behaviour on x86 for modifying memory that isalso

accessed from a hypervisor on the same CPU if running in a VM

don't change this without also updating arch/x86/kernel/kvm.c
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Name
test_and_change bit — Change a bit and return its old value
Synopsis
int test _and change _bit (long nr, volatile unsigned |ong * addr);
Arguments
nr Bit to change
addr Addressto count from
Description

This operation is atomic and cannot be reordered. It also implies amemory barrier.
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Name

test_bit — Determine whether a bit is set
Synopsis

int test _bit (int nr, const volatile unsigned |ong * addr);
Arguments

nr bit number to test

addr Addressto start counting from
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Name
_ ffs— find first set bit in word
Synopsis
unsigned long _ ffs (unsigned | ong word);
Arguments
word Theword to search
Description

Undefined if no bit exists, so code should check against O first.
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Name
ffz — find first zero bit in word
Synopsis
unsi gned long ffz (unsigned | ong word);
Arguments
word Theword to search
Description

Undefined if no zero exists, so code should check against ~OUL first.
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Name
ffs— find first set bit in word

Synopsis

int ffs (int x);
Arguments

x theword to search

Description

Thisis defined the same way as the libc and compiler builtin ffs routines, therefore differsin spirit from
the other bitops.

ffs(value) returns O if value is 0 or the position of the first set bit if value is nonzero. The first (least
significant) bit is at position 1.
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Name
fls— find last set bit in word

Synopsis

int fls (int x);
Arguments

x theword to search

Description

Thisis 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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Name
fls64 — find last set bit in a 64-bit word

Synopsis
int fls64 (__u64 x);

Arguments

x theword to search

Description

Thisis defined in asimilar way as the libc and compiler builtin ffsll, but returns the position of the most
significant set bit.

fls64(vaue) 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 64.
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Chapter 3. Basic Kernel Library
Functions

The Linux kernel provides more basic utility functions.

Bitmap Operations
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Name
__bitmap_shift_right — logical right shift of the bitsin a bitmap

Synopsis

void _bitmap_shift_right (unsigned long * dst, const unsigned |ong *
src, unsigned shift, unsigned nbits);

Arguments
dst destination bitmap
src source bitmap
shift shift by thismany bits
nbi ts bitmap size, in bits
Description

Shifting right (dividing) means moving bitsin the MS -> LS bit direction. Zeros are fed into the vacated
MS positions and the LS bits shifted off the bottom are lost.
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Name
__hitmap_shift_left — logical left shift of the bitsin a bitmap

Synopsis

void _ bitmap_shift left (unsigned long * dst, const unsigned |long *
src, unsigned int shift, unsigned int nbits);

Arguments
dst destination bitmap
src source bitmap
shift shift by thismany bits
nbi ts bitmap size, in bits
Description

Shifting left (multiplying) means moving bitsin the LS -> M Sdirection. Zeros arefed into the vacated LS
bit positions and those M S bits shifted off the top are lost.
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Name
bitmap find_next_zero area off — find a contiguous aligned zero area
Synopsis

unsigned long bitmap find next zero_area off (unsigned long * nap,
unsi gned | ong size, unsigned long start, unsigned int nr, unsigned | ong
al i gn_mask, unsigned long align _offset);

Arguments
map The address to base the search on
si ze The bitmap sizein bits
start The bitnumber to start searching at
nr The number of zeroed bits we're looking for
al i gn_mask Alignment mask for zero area

al i gn_of fset Alignment offset for zero area.

Description

Theal i gn_nask should be one less than a power of 2; the effect is that the bit offset of all zero areas
thisfunction findsplusal i gn_of f set ismultiple of that power of 2.
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Name
__bitmap_parse — convert an ASCII hex string into a bitmap.

Synopsis

int _ bitmap_parse (const char * buf, unsigned int buflen, int is_user,
unsi gned long * maskp, int nmaskbits);

Arguments
buf pointer to buffer containing string.
bufl en buffer sizein bytes. If string is smaller than this then it must be terminated with a\0.
i s_user location of buffer, O indicates kernel space
maskp pointer to bitmap array that will contain result.

nmaskbi ts sizeof 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 vaue larger than 32 bits (- EOVERFLOW), and if a chunk specifies a smaller value
then leading O-bits are prepended. - EI NVAL isreturned for illegal characters and for grouping errors such
as“1,5","“,44",“” and "". Leading and trailing whitespace accepted, but not embedded whitespace.
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Name
bitmap_parse_user — convert an ASCII hex string in a user buffer into a bitmap
Synopsis
int bitmap_parse_user (const char _ _user * ubuf, unsigned int ulen,

unsi gned long * maskp, int nmaskbits);

Arguments
ubuf pointer to user buffer containing string.
ul en buffer sizein bytes. If string is smaller than this then it must be terminated with a\0.
maskp pointer to bitmap array that will contain result.

nmaskbi t s sizeof bitmap, in bits.

Description
Wrapper for __bi t map_par se, 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.
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Name
bitmap _print_to pagebuf — convert bitmap to list or hex format ASCI| string
Synopsis
int bitmap_print_to_pagebuf (bool |ist, char * buf, const unsigned | ong

* maskp, int nnaskbits);

Arguments
list indicates whether the bitmap must be list
buf page aligned buffer into which string is placed
maskp pointer to bitmap to convert

nmaskbi ts sizeof bitmap, in bits

Description

Output format is a comma-separated list of decimal numbers and ranges if list is specified or hex digits
grouped into comma-separated sets of 8 digits/set. Returns the number of characters written to buf.

It is assumed that buf isapointer into aPAGE_SIZE area and that sufficient storage remains at buf to
accommodate the bi t map_pri nt _t o_pagebuf output.
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Name
bitmap parselist_user —

Synopsis

int bitnmap_parselist_user (const char __user * ubuf, unsigned int ulen,
unsi gned long * maskp, int nmaskbits);

Arguments
ubuf pointer to user buffer containing string.
ul en buffer sizein bytes. If string is smaller than this then it must be terminated with a\0.
maskp pointer to bitmap array that will contain result.

nmaskbi t s sizeof bitmap, in bits.

Description
Wrapper for bi t map_par sel i st, 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.
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Name
bitmap _remap — Apply map defined by a pair of bitmaps to another bitmap

Synopsis

voi d bitmap_remap (unsigned |l ong * dst, const unsigned |l ong * src, const
unsi gned long * old, const unsigned |ong * new, unsigned int nbits);

Arguments
dst remapped result
src subset to be remapped
ol d defines domain of map
new defines range of map

nbits number of bitsin each of these bitmaps

Description

Let ol d and new define amapping of bit positions, such that whatever position is held by the n-th set bit
inol d is mapped to the n-th set bit in new. In the more general case, allowing for the possibility that the
weight 'w' of newislessthan theweight of ol d, map the position of the n-th set bit in ol d to the position
of the m-th set bit in new, wherem ==n % w.

If either of the ol d and new bitmaps are empty, or if sr ¢ and dst point to the same location, then this
routine copiessr ¢ todst .

The positions of unset bitsin ol d are mapped to themselves (the identify map).

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

For example, lets say that ol d has bits 4 through 7 set, and new has bits 12 through 15 set. This defines
the mapping of bit position4to 12, 5to 13, 6to 14 and 7 to 15, and of all other bit positions unchanged. So
if say sr ¢ comesinto thisroutinewith bits1, 5and 7 set, then dst should leave with bits 1, 13 and 15 set.
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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 * new, int bits);

Arguments

ol dbi t hit position to be mapped

old defines domain of map

new defines range of map

bits number of bitsin each of these bitmaps
Description

Let ol d and newdefine a mapping of bit positions, such that whatever position is held by the n-th set bit
inol d is mapped to the n-th set bit in new. In the more general case, allowing for the possibility that the
weight 'w' of newislessthan the weight of ol d, map the position of the n-th set bitin ol d to the position
of the m-th set bit in new, wherem ==n % w.

The positions of unset bitsin ol d are mapped to themselves (the identify map).
Apply the above specified mapping to bit position ol dbi t , returning the new bit position.

For example, lets say that ol d 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.
Soif say ol dbi t is5, then this routine returns 13.
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Name

bitmap_onto — trandate one bitmap relative to another

Synopsis

voi d bitmap_onto (unsigned | ong * dst, const unsigned |l ong * orig, const
unsi gned long * rel map, unsigned int bits);

Arguments

dst resulting translated bitmap
orig original untranglated bitmap
rel map bitmap relative to which trandated

bits number of bitsin each of these bitmaps

Description

Set the n-th bit of dst iff there exists some m such that the n-th bit of r el map isset, them-thbitof ori g
is set, and the n-th bit of r el map isalsothem-th _set hit of r el map. (If you understood the previous
sentence the first time your read it, you're overqualified for your current job.)

In other words, or i g ismapped onto (surjectively) dst , using themap { <n, m> | then-th bit of r el map
isthem-th set bit of r el map }.

Any set bitsin or i g above bit number W, where W is the weight of (number of set bitsin) r el map are
mapped nowhere. In particular, if for al bitsm set inori g, m >= 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
bi t map_f ol d operator, below, to first fold the or i g bitmap over itself so that all its set bitsx arein
the range 0 <= x < W. The bi t map_f ol d operator does this by setting the bit (m % W) in dst, for
each bit (m) setinori g.

Example[1] for bi t map_ont o: Let'ssay r el map hasbits30-39 set, and or i g hasbits1, 3,5, 7, 9 and
11 set. Then on return from thisroutine, dst will have bits 31, 33, 35, 37 and 39 set.

WhenbitOissetinori g, it meansturn onthebitindst corresponding to whatever isthefirst bit (if any)
thatisturnedoninr el map. Since bit 0 was off in the above example, weleave off that bit (bit 30) indst .

When bit 1issetinori g (asin the above example), it means turn on the bit in dst corresponding to
whatever is the second bit that isturned oninr el map. The second bitinr el map that wasturned onin
the above example was bit 31, so we turned on bit 31in dst .

Similarly, weturned on bits 33, 35, 37 and 39 in dst , because they were the 4th, 6th, 8th and 10th set bits
setinr el map, and the 4th, 6th, 8th and 10th bitsof or i g (i.e. bits 3, 5, 7 and 9) were also set.

When bit 11 issetinori g, it meansturn on the bit in dst corresponding to whatever is the twelfth bit
thatisturnedoninr el map. Inthe above example, therewere only ten bitsturnedoninr el map (30..39),
so that bit 11 wassetinor i g had no affect ondst .

Example[2] for bi t map_f ol d +bi t map_ont o: Let'ssay r el map hastheseten 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 bi t map_f ol d then bitmap_onto, as suggested
aboveto avoid the possibility of an empty dst result:
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unsigned long *tmp; // atemporary 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 ori g's. | list the zero-
based positions of each set bit. The tmp column shows the intermediate result, as computed by using
bi t map_f ol d tofoldtheor i g bitmap modulo ten (the weight of r el map).

origtmpdst 00401141999510040(*)135713574143486101234012344041
42434509182709874061749501020300400112233012340414243012243602
464042455378102211128414274(*)

(*) For these marked lines, if we hadn't first done bi t nap_f ol d into tmp, then the dst result would
have been empty.

If either of ori g or r el map isempty (no set bits), then dst will be returned empty.

If (asexplained above) the only set bitsinor i g arein positionsm wherem >=W, (where W istheweight
of r el map) thendst will once again be returned empty.

All bitsindst not set by the above rule are cleared.

129



Basic Kernel Library Functions

Name
bitmap_fold — fold larger bitmap into smaller, modul o specified size

Synopsis

void bitmap _fold (unsigned long * dst, const unsigned long * orig,
unsi gned int sz, unsigned int nbits);

Arguments
dst resulting smaller bitmap
orig origina larger bitmap
sz specified size

nbi ts number of bitsin each of these bitmaps

Description

For each bit oldbit in or i g, set bit oldbit mod sz in dst . Clear &l other bitsin dst . See further the
comment and Example [2] for bi t map_ont o for why and how to use this.
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Name
bitmap_find_free region — find a contiguous aligned mem region
Synopsis
int bitmap_find free_ region (unsigned | ong * bitnmap, unsigned int bits,
int order);
Arguments
bi t map array of unsigned longs corresponding to the bitmap
bits number of bitsin the bitmap
or der region size (log base 2 of number of bits) to find
Description

Find a region of free (zero) bitsin a bi t map of bi t s bits and alocate them (set them to one). Only
consider regions of length apower (or der ) 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.
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Name
bitmap_release region — release allocated bitmap region
Synopsis
void bitmap_rel ease _region (unsigned long * bitnmap, unsigned int pos,
int order);
Arguments
bi t map array of unsigned longs corresponding to the bitmap
pos beginning of bit region to release
or der region size (log base 2 of number of bits) to release
Description

Thisisthecomplementto __bi t map_fi nd_free_regi on andreleasesthefound region (by clearing
it in the bitmap).

No return value.
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Name
bitmap_allocate _region — allocate bitmap region
Synopsis
int bitmap_allocate region (unsigned long * bitnmap, unsigned int pos,
int order);
Arguments
bi t map array of unsigned longs corresponding to the bitmap
pos beginning of bit region to allocate
or der region size (log base 2 of number of bits) to allocate
Description

Allocate (set bitsin) a specified region of abitmap.

Return 0 on success, or - EBUSY if specified region wasn't free (not al bits were zero).
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Name
bitmap_copy_le — copy a bitmap, putting the bitsinto little-endian order.
Synopsis
void bitmap_copy le (unsigned long * dst, const unsigned long * src,
unsi gned int nbits);
Arguments
dst destination buffer
src bitmap to copy
nbi ts number of bitsin the bitmap
Description

Require nbits % BITS PER LONG == 0.
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Name
__bitmap_parselist — convert list format ASCII string to bitmap
Synopsis
int _ bitmap_parselist (const char * buf, wunsigned int buflen, int

is_user, unsigned |long * maskp, int nmaskbits);

Arguments
buf read nul-terminated user string from this buffer
bufl en buffer sizein bytes. If string is smaller than this then it must be terminated with a\0.
i s_user location of buffer, O indicates kernel space
maskp write resulting mask here

nmaskbi t s number of bitsin 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

- El NVAL: second number in range smaller than first - EI NVAL: invalid character in string - ERANGE:
bit number specified too large for mask
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Name
bitmap_pos to_ord — find ordinal of set bit at given position in bitmap

Synopsis

int bitmap_pos to ord (const unsigned long * buf, unsigned int pos,
unsi gned int nbits);

Arguments
buf pointer to a bitmap
pos abit positioninbuf (0<=pos <nbi ts)

nbits number of valid bit positionsin buf

Description

Map the hit at position pos in buf (of length nbi t s) to the ordinal of which set bit it is. If it is not set
or if pos isnot avalid 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 0
through 3, respectively, and other pos values will get mapped to -1. When pos value 7 gets mapped to
(returns) or d 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 bi t s arevalid positionsin buf .
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Name
bitmap_ord_to_pos— find position of n-th set bit in bitmap

Synopsis

unsigned int bitmap_ord to _pos (const unsigned |l ong * buf, unsigned int
ord, unsigned int nbits);

Arguments
buf pointer to bitmap
ord ordina hit position (n-th set bit, n >=0)

nbits number of valid bit positionsin buf

Description

Map the ordinal offset of bit or d in buf to its position in buf . Value of or d should be in range 0 <=
or d < weight(buf). If or d >= weight(buf), returnsnbi t s.

If for example, just bits4 through 7 aresetinbuf , then or d values0through 3will get mapped to 4 through
7, respectively, and al other or d valuesreturnsnbi t s. When or d value 3 gets mapped to (returns) pos
value 7 in this example, that means that the 3rd set bit (starting with Oth) isat position 7 in buf .

The bit positions 0 through nbi t s-1 are valid positionsin buf .

Command-line Parsing
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Name

get_option — Parse integer from an option string
Synopsis

int get _option (char ** str, int * pint);
Arguments

str option string

pi nt  (output) integer value parsed from st r

Description

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

Return values

0-nointinstring 1 - int found, no subsequent comma 2 - int found including a subsequent comma 3 -
hyphen found to denote arange
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Name

get_options— Parse a string into alist of integers

Synopsis

char * get _options (const char * str, int nints, int * ints);

Arguments
str String to be parsed
ni nts sizeof 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.

Return value is the character in the string which caused the parse to end (typically a null terminator, if
str iscompletely parseable).
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Name

memparse — parse a string with mem suffixes into a number
Synopsis

unsi gned |l ong | ong nenparse (const char * ptr, char ** 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 withK, M, G, T, P, E.

CRC Functions
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Name

crc7_be — update the CRC7 for the data buffer
Synopsis

u8 crc7_be (u8 crc, const u8 * buffer, size t len);
Arguments

crc previous CRC7 value

buf f er datapointer

l en number of bytesin the buffer
Context

any
Description

Returnsthe updated CRC7 value. The CRC7 isleft-aligned in the byte (the Ishit isalways0), asthat makes
the computation easier, and al callerswant it in that form.
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Name
crcl6 — compute the CRC-16 for the data buffer

Synopsis

ulé crcl6 (ulé crc, u8 const * buffer, size t len);

Arguments
crc previous CRC value

buf f er datapointer

l en number of bytesin the buffer

Description

Returns the updated CRC value.
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Name
crc_itu_t — Compute the CRC-ITU-T for the data buffer

Synopsis

ulé crc_itu_t l en);

(ul6 crc, const u8 * buffer, size t

Arguments

crc previous CRC value

buf f er datapointer

l en number of bytesin the buffer

Description
Returns the updated CRC value
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Name

lib/crc32.c — Document generation inconsistency
Oops
Warning
The template for this document tried to insert the structured comment from the file | i b/

crc32. c at thispoint, but none was found. This dummy section isinserted to allow generation
to continue.

144



Basic Kernel Library Functions

Name

crc_ccitt — recompute the CRC for the data buffer
Synopsis

ulé crc_ccitt (ulé crc, u8 const * buffer, size t len);
Arguments

crc previous CRC value

buf f er datapointer

l en number of bytesin the buffer

idr/ida Functions

idr synchronization (stolen from radix-tree.h)

i dr _findisableto be caled locklessly, using RCU. The caller must ensure cals to this function are
made within r cu_r ead_| ock 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* asynchr oni ze_r cu grace period).

IDA - IDR based ID allocator

This is id alocator without id -> pointer translation. Memory usage is much lower than full blown idr
because each id only occupiesabit. idausesacustom leaf nodewhich containsIDA_BITMAP_BITSdots.

2007-04-25 written by Tejun Heo <htejungmai | .com>
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Name
idr_preload — preload for i dr _al | oc

Synopsis
void idr_preload (gfp_t gf p_mask);
Arguments

of p_mask alocation mask to use for preloading

Description

Preload per-cpu layer buffer for i dr _al | oc. Can only be used from process context and each
i dr _prel oad invocation should be matched with i dr _pr el oad_end. Note that preemption is
disabled while prel oaded.

Thefirsti dr _al | oc inthe preloaded section can be treated asif it were invoked with gf p_mask used
for preloading. This alows using more permissive allocation masks for idrs protected by spinlocks.

For example, if i dr _al | oc below fails, the failure can be treated asif i dr _al | oc were called with
GFP_KERNEL rather than GFP_NOWAIT.

idr_preload(GFP_KERNEL); spin_lock(lock);
id =idr_alloc(idr, ptr, start, end, GFP_NOWAIT);

spin_unlock(lock); i dr _pr el oad_end; if (id < 0) error;
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Name
idr_alloc — allocate new idr entry
Synopsis
int idr_alloc (struct idr * idr, void * ptr, int start, int end, gfp_t
of p_mask) ;
Arguments
idr the (initialized) idr
ptr pointer to be associated with the new id
start the minimum id (inclusive)
end the maximum id (exclusive, <= 0 for max)

gf p_mask memory alocation flags

Description

Allocate anid in [start, end) and associateit with pt r . If no ID is available in the specified range, returns
-ENOSPC. On memory allocation failure, returns -ENOMEM.

Note that end is treated as max when <= 0. Thisisto always allow using st art + N as end as long
as N isinside integer range.

The user is responsible for exclusively synchronizing all operations which may modify i dr . However,
read-only accesses such asi dr _f i nd or iteration can be performed under RCU read lock provided the
user destroys pt r in RCU-safe way after removal fromidr.
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Name

idr_alloc_cyclic — allocate new idr entry in acyclical fashion
Synopsis

int idr_alloc_cyclic (struct idr * idr, void * ptr, int start, int end,
gfp_t gf p_mask);

Arguments
idr the (initialized) idr
ptr pointer to be associated with the new id
start the minimum id (inclusive)
end the maximum id (exclusive, <= 0 for max)

gf p_mask memory alocation flags

Description

Essentially the same as idr_alloc, but prefers to alocate progressively higher ids if it can. If the “cur”
counter wraps, then it will start again at the “ start” end of the range and allocate one that has already been
used.
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Name

idr_remove — remove the given id and freeits slot
Synopsis

void idr_renove (struct idr * idp, int id);
Arguments

i dp idrhandle

id uniquekey
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Name

idr_destroy — release all cached layers within anidr tree
Synopsis

void idr_destroy (struct idr * idp);
Arguments

i dp idrhandle
Description

Free al id mappings and &l idp_layers. After this function, i dp is completely unused and can be
freed / recycled. The caller is responsible for ensuring that no one else accesses i dp during or after

i dr _destroy.

A typical clean-up sequence for objects stored in anidr treewill usei dr _f or _each to free al objects,
if necessary, theni dr _dest r oy to free up the id mappings and cached idr_layers.
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Name

idr_for_each — iterate through all stored pointers

Synopsis

int idr_for_each (struct
*data), void * data);

idr * idp, int (*fn) (int id, void *p, void

Arguments
i dp idr handle
fn function to be called for each pointer

dat a datapassed back to callback function

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 thisfunction. It is not safeto
modify theidr treewhileinthe callback, so functionssuch asidr_get new andidr_removeare not allowed.

We check thereturn of f n eachtime. If it returns anything other than 0, we break out and return that value.

The caller must serializei dr _f or _each vsi dr _get _newandi dr _r enpve.
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Name

idr_get_next — lookup next object of id to given id.
Synopsis

void * idr_get _next (struct idr * idp, int * nextidp);
Arguments

i dp idr handle

nextidp pointer to lookup key

Description

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

This function can be called under r cu_r ead_| ock, given that the leaf pointers lifetimes are correctly
managed.
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Name

idr_replace — replace pointer for given id
Synopsis

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

i dp idrhandle

ptr pointer you want associated with theid

id lookup key

Description

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

The caller must seriadize with writers.
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Name
idr_init — initialize idr handle
Synopsis
void idr_init (struct idr * idp);
Arguments
i dp idrhandle
Description

Thisfunction is useto set up the handle (i dp) that you will pass to the rest of the functions.
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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

i da idahandle

of p_mask memory alocation 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 isREALLY out of memory this function returns 0, otherwise 1.
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Name

ida_get_new_above — allocate new ID above or equal to astart id
Synopsis

int ida _get _new above (struct ida * ida, int starting id, int * p_id);
Arguments

i da ida handle

starting_ id idtostartsearchat

p_id pointer to the allocated handle

Description
Allocate new ID aboveor equal tost arti ng_i d. It should be called with any required locks.

If memory is required, it will return - EAGAI N, you should unlock and go back to thei da_pre_get
cal. If theidaisfull, it will return - ENOSPC.

p_i dreturnsavaueintherangestarting_id..Ox7fffffff.
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Name

ida_remove — remove the given ID
Synopsis

void ida_renove (struct ida * ida, int id);
Arguments

i da idahandle

id ID to free
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Name

ida_destroy — release all cached layers within an idatree
Synopsis
void ida_destroy (struct ida * ida);

Arguments

i da idahandle
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Name
ida_simple_get — get anew id.

Synopsis

int ida_sinple _get (struct ida * ida, unsigned int start, unsigned int
end, gfp_t gf p_mask);

Arguments
i da the (initialized) ida.
start the minimum id (inclusive, < 0x8000000)
end the maximum id (exclusive, < 0x8000000 or 0)

gf p_mask memory allocation flags

Description

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

Usei da_si npl e_renove to get rid of anid.
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Name

ida_simple_remove — remove an allocated id.
Synopsis

void ida_sinple renove (struct ida * ida, unsigned int id);
Arguments

i da the (initialized) ida.

id theidreturned by ida simple get.
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Name
ida_init — initialize ida handle
Synopsis
void ida_init (struct ida * ida);
Arguments
i da idahandle
Description

Thisfunction is useto set up the handle (i da) that you will pass to the rest of the functions.
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The Slab Cache
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Name

kmalloc — allocate memory
Synopsis

void * knmalloc (size t size, gfp_t flags);
Arguments

si ze  how many bytes of memory are required.

flags thetypeof memory to allocate.

Description
kmalloc is the normal method of allocating memory for objects smaller than page sizein the kernel.
Thef | ags argument may be one of:
GFP_USER - Allocate memory on behalf of user. May sleep.
GFP_KERNEL - Allocate normal kernel ram. May sleep.

GFP_ATOM C- Allocationwill not sleep. May use emergency pools. For example, usethisinsideinterrupt
handlers.

GFP_HI GHUSER - Allocate pages from high memory.

GFP_NQA O- Do not do any 1/0 at al while trying to get memory.
GFP_NOFS - Do not make any fs calls while trying to get memory.
GFP_NOWAI T - Allocation will not sleep.

___GFP_THI SNODE - Allocate node-local memory only.

GFP_DMNA - Allocation suitable for DMA. Should only be used for kmal | oc caches. Otherwise, use a
dab created with SLAB_DMA.

Also it ispossible to set different flags by OR'ing in one or more of the following additional f | ags:
___GFP_COLD- Reqguest cache-cold pages instead of trying to return cache-warm pages.

__ GFP_HI GH- This allocation has high priority and may use emergency poals.

__GFP_NOCFAI L - Indicate that this allocation isin 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 alocation failsinitially, try once more before failing.

Thereareother flagsavailable aswell, but these are not intended for general use, and so are not documented
here. For afull list of potential flags, always refer to linux/gfp.h.
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Name
kmalloc_array — allocate memory for an array.
Synopsis
void * knalloc_array (size_ t n, size t size, gfp_t flags);
Arguments
n number of elements.

size elementsize

fl ags thetypeof memory to allocate (see kmalloc).
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Name

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

void * kcalloc (size_ t n, size t size, gfp_t flags);
Arguments

n number of elements.

size elementsize

fl ags thetypeof memory to allocate (see kmalloc).
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Name

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

void * kzalloc (size t size, gfp_t flags);
Arguments

si ze  how many bytes of memory are required.

flags thetypeof memory to allocate (see kmalloc).
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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);
Arguments

si ze  how many bytes of memory are required.
flags thetypeof memory to allocate (see kmalloc).

node  memory node from which to allocate
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Name

kmem_cache alloc — Allocate an object
Synopsis

void * knem cache_alloc (struct kmem cache * cachep, gfp_t flags);
Arguments

cachep Thecacheto alocate from.

flags Seeknall oc.

Description

Allocate an object from this cache. The flags are only relevant if the cache has no available objects.
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Name
kmem_cache alloc_node — Allocate an object on the specified node

Synopsis
void * knem cache_al |l oc_node (struct kmem cache * cachep, gfp_t flags,
i nt nodei d);

Arguments

cachep Thecacheto alocate from.
flags Seeknall oc.

nodei d node number of the target node.

Description

Identical to kmem_cache alloc but it will allocate memory on the given node, which can improve the
performance for cpu bound structures.

Fallback to other node is possible if _ GFP_THISNODE is not set.
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Name
kmem_cache free — Deallocate an object
Synopsis
void knmem cache free (struct kmem cache * cachep, void * objp);
Arguments
cachep The cache the alocation was from.
obj p The previously allocated object.
Description

Free an object which was previoudly allocated from this cache.
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Name

kfree — free previously allocated memory
Synopsis

void kfree (const void * objp);
Arguments

obj p pointer returned by kmalloc.
Description

If obj p isNULL, no operation is performed.

Don't free memory not origin