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QUEUE (3bsd) LOCAL QUEUE (3bsd)
NAME
SLI ST_EMPTY, SLI ST_ENTRY, SLI ST_FI RST, SLI ST_FOREACH, SLI ST_FOREACH_FROM
SLI ST_FOREACH_SAFE, SLI ST_FOREACH_FROM SAFE, SLI ST_HEAD,

SLI ST_HEAD | NI TI ALI ZER, SLI ST_I NI T, SLI ST_I NSERT_AFTER, SLI ST_I NSERT_HEAD,
SLI ST_NEXT, SLI ST_REMOVE_AFTER, SLI ST_REMOVE_HEAD, SLI ST_REMOVE,
SLI ST_SWAP, STAI LQ CONCAT, STAILQ EMPTY, STAILQ ENTRY, STAILQ FIRST,
STAI LQ_FOREACH, STAI LQ _FOREACH_FROM STAI LQ_FOREACH_SAFE,
STAI LQ_FOREACH_FROM_SAFE, STAI LQ_HEAD, STAI LQ HEAD | NI TI ALI ZER,
STAILQ_ I NI' T, STAI LQ_| NSERT_AFTER, STAI LQ_| NSERT_HEAD, STAI LQ_| NSERT_TAI L,
STAI LQ_LAST, STAI LQ_NEXT, STAI LQ REMOVE_AFTER, STAI LQ_REMOVE_HEAD,
STAI LQ_REMOVE, STAI LQ_SWAP, LI ST_EMPTY, LI ST_ENTRY, LI ST_FI RST,
LI ST_FOREACH, LI ST_FOREACH_FROM LI ST_FOREACH_SAFE,
LI ST_FOREACH FROM SAFE, LIST_HEAD, LIST_HEAD INITIALIZER, LIST_INT,
LI ST_I NSERT_AFTER, LI ST_I NSERT_BEFORE, LI ST_I NSERT_HEAD, LI ST_NEXT,
LI ST_PREV, LI ST_REMOVE, LI ST_SWAP, TAI LQ _CONCAT, TAI LQ EMPTY, TAI LQ_ENTRY,
TAILQ FIRST, TAILQ FOREACH, TAILQ FOREACH FROM  TAILQ FOREACH SAFE,
TAI LQ_FOREACH_FROM SAFE, TAI LQ_FOREACH_REVERSE,
TAI LQ_FOREACH REVERSE_FROM TAI LQ_FOREACH REVERSE_SAFE,
TAI LQ FOREACH REVERSE_FROM SAFE, TAILQ HEAD, TAILQ HEAD | NI TI ALl ZER,
TAILQ INIT, TAILQ | NSERT_AFTER, TAILQ | NSERT_BEFORE, TAILQ | NSERT_HEAD,
TAILQ I NSERT_TAIL, TAILQLAST, TAILQ NEXT, TAILQ PREV, TAILQ REMOVE,
TAlI LQ_SWAP — implementations of singly-linked lists, singly-linked tail queues, lists and tail queues

SYNOPSIS
#i ncl ude <sys/ queue. h>
(Seel i bbsd(7) for include usage.)

SLI ST_EMPTY(SLI ST_HEAD [head);

SLI ST_ENTRY(TYPE);

SLI ST_FI RST(SLI ST_HEAD [head);

SLI ST_FOREACH(TYPE [var , SLI ST_HEAD Chead, SLI ST_ENTRY NAME);

SLI ST_FOREACH FROMTYPE [var , SLI ST_HEAD Chead, SLI ST_ENTRY NAME);

SLI ST_FOREACH_SAFE(TYPE [var , SLI ST_HEAD [head, SLI ST_ENTRY NAME,
TYPE [@ enmp_var);

SLI ST_FOREACH_FROM SAFE(TYPE Ovar , SLI ST_HEAD [head, SLI ST_ENTRY NAME,
TYPE [ enp_var);

SLI ST_HEAD(HEADNAME , TYPE);

SLI ST_HEAD | NI Tl ALI ZER(SLI ST_HEAD head);

SLI ST I NI T(SLI ST_HEAD [Chead);

SLI ST | NSERT_AFTER(TYPE [ i stel m, TYPE [el m, SLI ST_ENTRY NANE);

SLI ST | NSERT_HEAD(SLI ST_HEAD Chead, TYPE [kl m, SLI ST_ENTRY NAVE);
SLI ST_NEXT(TYPE [kl m, SLI ST_ENTRY NAVE);

SLI ST_REMOVE_AFTER(TYPE [l m, SLI ST_ENTRY NAME);

SLI ST_REMOVE_HEAD(SLI ST_HEAD [head, SLI ST_ENTRY NAME);

SLI ST_REMOVE(SLI ST_HEAD Chead, TYPE [kl m, TYPE, SLI ST_ENTRY NAVE);
SLI ST_SWAP(SLI ST _HEAD Chead1, SLI ST_HEAD Chead2, SLI ST_ENTRY NAME);
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STAI LQ_CONCAT(STAI LQ HEAD Cheadl, STAI LQ HEAD Chead?2);

STAI LQ EMPTY(STAI LQ HEAD Chead);

STAI LQ_ENTRY(TYPE);

STAI LQ FI RST(STAI LQ HEAD Chead);

STAI LQ FOREACH(TYPE [vvar , STAI LQ HEAD [head, STAI LQ ENTRY NAVE);

STAI LQ FOREACH FROMTYPE [var , STAI LQ HEAD Chead, STAI LQ ENTRY NANE);

STAI LQ_FOREACH_SAFE(TYPE [rar , STAI LQ HEAD Chead, STAI LQ ENTRY NAME,
TYPE [ enmp_var);

STAI LQ_FOREACH_FROM SAFE(TYPE Ovar , STAI LQ HEAD [head,
STAI LQ ENTRY NAME, TYPE [ enp_var);

STAI LQ_HEAD(HEADNAME, TYPE);
STAI LQ HEAD | NI TI ALl ZER(STAI LQ HEAD head);
STAI LQ | NI T(STAI LQ HEAD Chead);

STAI LQ | NSERT_AFTER(STAI LQ HEAD [head, TYPE O i stel m, TYPE el m,
STAI LQ _ENTRY NAME);

STAI LQ | NSERT_HEAD(STAI LQ HEAD [head, TYPE [Bl m, STAI LQ ENTRY NANE);
STAI LQ | NSERT_TAI L(STAI LQ HEAD [head, TYPE [Bl m, STAI LQ ENTRY NANE);
STAI LQ LAST(STAI LQ HEAD [head, TYPE, STAI LQ ENTRY NAVE);

STAI LQ NEXT(TYPE [El m, STAI LQ ENTRY NANE);

STAI LQ REMOVE_AFTER(STAI LQ HEAD Chead, TYPE [&l m, STAI LQ ENTRY NANE);
STAl LQ REMOVE_HEAD(STAI LQ HEAD [head, STAI LQ ENTRY NAVE);

STAI LQ REMOVE(STAI LQ HEAD Chead, TYPE [&l m, TYPE, STAI LQ ENTRY NAME);
STAI LQ SWAP(STAI LQ HEAD [headl, STAI LQ HEAD Chead2, STAI LQ ENTRY NAVE);
LI ST_EMPTY(LI ST_HEAD [head);

LI ST_ENTRY(TYPE);

LI ST_FI RST(LI ST_HEAD [head);

LI ST_FOREACH(TYPE [var , LI ST_HEAD [head, LI ST_ENTRY NAVE);

LI ST_FOREACH FROMTYPE [var , LI ST_HEAD Chead, LI ST_ENTRY NAVE);

LI ST_FOREACH_SAFE(TYPE Ovar , LI ST_HEAD Chead, LI ST_ENTRY NAME,
TYPE [ enp_var);

LI ST_FOREACH_FROM SAFE(TYPE [var , LI ST_HEAD [head, LI ST_ENTRY NAME,
TYPE [ enp_var);

LI ST_HEAD(HEADNANE , TYPE);

LI ST_HEAD | NI TI ALI ZER(LI ST_HEAD head);

LI ST_I NI T(LI ST_HEAD [head);

LI ST I NSERT_AFTER(TYPE O i stel m, TYPE [l m, LI ST_ENTRY NANE);
LI ST I NSERT_BEFORE(TYPE O i stel m, TYPE [l m, LI ST_ENTRY NANE);
LI ST I NSERT_HEAD(LI ST _HEAD [head, TYPE [l m, LI ST_ENTRY NANE);
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LI ST_NEXT(TYPE [kl m, LI ST_ENTRY NAVE);

LI ST_PREV(TYPE [kl m, LI ST_HEAD Chead, TYPE, LI ST_ENTRY NAMNE);

LI ST_REMOVE(TYPE [l m, LI ST_ENTRY NAME);

LI ST_SWAP(LI ST_HEAD [head1, LI ST_HEAD Chead2, TYPE, LI ST_ENTRY NAVE);
TAI LQ_CONCAT(TAI LQ HEAD [headl, TAI LQ HEAD Chead2, TAI LQ ENTRY NANE);
TAI LQ EMPTY(TAI LQ HEAD [head);

TAI LQ_ENTRY(TYPE);

TAI LQ FI RST(TAI LQ HEAD Chead);

TAI LQ FOREACH(TYPE [var , TAI LQ HEAD Chead, TAI LQ ENTRY NAME);

TAI LQ FOREACH FROMTYPE Dvar , TAI LQ HEAD Chead, TAI LQ ENTRY NAVE);

TAI LQ_FOREACH_SAFE(TYPE [var , TAI LQ HEAD Chead, TAI LQ ENTRY NAME,
TYPE [ enmp_var);

TAI LQ FOREACH FROM SAFE(TYPE [ar , TAI LQ HEAD [head, TAI LQ ENTRY NAME,
TYPE [ enmp_var);

TAI LQ_FOREACH REVERSE(TYPE [var , TAI LQ HEAD Chead, HEADNAME,
TAI LQ_ENTRY NAME);

TAI LQ_FOREACH _REVERSE_FROMTYPE [vvar , TAI LQ HEAD Chead, HEADNAME,
TAI LQ_ENTRY NAME);

TAl LQ_FOREACH_REVERSE_SAFE(TYPE [var , TAI LQ HEAD Chead, HEADNAME,
TAI LQ ENTRY NAME, TYPE [ enp_var);

TAlI LQ_FOREACH_REVERSE_FROM SAFE(TYPE [var , TAI LQ HEAD [head, HEADNAME,
TAI LQ ENTRY NAME, TYPE [ enp_var);

TAI LQ_HEAD(HEADNAVE , TYPE);
TAI LQ HEAD | NI TI ALI ZER(TAI LQ_HEAD head);
TAI LQ | NIl T(TAI LQ_HEAD [head);

TAI LQ_| NSERT_AFTER(TAI LQ_HEAD [head, TYPE O istel m, TYPE [l m,
TAI LQ_ENTRY NAME);

TAI LQ | NSERT_BEFORE(TYPE O i stel m, TYPE el m, TAI LQ _ENTRY NAMNE);

TAI LQ | NSERT_HEAD(TAI LQ HEAD Chead, TYPE [el m, TAI LQ ENTRY NAME);

TAI LQ | NSERT_TAI L(TAI LQ HEAD Chead, TYPE el m, TAI LQ ENTRY NAME);

TAI LQ LAST(TAI LQ HEAD C[head, HEADNANE);

TAI LQ NEXT(TYPE [el m, TAI LQ ENTRY NAME);

TAI LQ PREV(TYPE [el m, HEADNAME, TAI LQ ENTRY NANE);

TAl LQ REMOVE(TAI LQ HEAD Chead, TYPE [el m, TAI LQ ENTRY NANE);

TAI LQ SWAP(TAI LQ HEAD [headl, TAI LQ HEAD Chead2, TYPE, TAI LQ ENTRY NANE);
DESCRIPTION

These macros define and operate on four types of data structures: siregyHstg, singly-linked tail

gueues, lists, and tail queues. All four structures support the following functionality:
1. Insertionof a nav entry at the head of the list.
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2. Insertionof a nev entry after ag element in the list.
3. O(1)remova of an entry from the head of the list.
4. Forward traersal through the list.
5. Swapping the contents of twists.

Singly-linked lists are the simplest of the four data structures and support only theefabctionality.
Singly-linked lists are ideal for applications with large datasets amdfeno emovals, or for imple-
menting a LIFO queue. Singly-linked lists add the following functionality:

1. O(n)remova of any entry in the list.

Singly-linked tail queues add the following functionality:
1. Entriescan be added at the end of a list.
2. O(n)removal of any entry in the list.
3. They may be concatenated.

1. Alllist insertions must specify the head of the list.

2. Eachhead entry requires twpointers rather than one.

3. Codesize is about 15% greater and operations run about 208&rsthan singly-linkd
lists.

Singly-linked tail queues are ideal for applications wittgéadatasets andvieor no removals, or for
implementing a FIFO queue.

All doubly linked types of data structures (lists and tail queues) additionally allow:
1. Insertionof a nev entry before ap element in the list.
2. O(1)removal of any entry in the list.
However:
1. Eachelement requires twpointers rather than one.
2. Codesize and recution time of operations Xeept for remual) is about twice that of the
singly-linked data-structures.

Linked lists are the simplest of the doubly &dkdata structuresThey add the following functionality
over the abee:
1. They may be traersed backwards.
However:
1. To traverse backwards, an entry to begin thevdrsal and the list in which it is contained
must be specified.

Tail queues add the following functionality:
1. Entriescan be added at the end of a list.
2. They may be traersed backwards, from tail to head.
3. They may be concatenated.

1. Alllist insertions and renvals must specify the head of the list.

2. Eachhead entry requires twpointers rather than one.

3. Codesize is about 15% greater and operations run about 208&rsthan singly-linkd
lists.

In the macro definitionsT YPE is the name of a user defined structure, that must contain a field of type
SLI ST_ENTRY, STAI LQ_ENTRY, LI ST_ENTRY, or TAI LQ_ENTRY, namedNAME. The agument
HEADNAME is the name of a user defined structure that must be declared using the macros
SLI ST _HEAD, STAI LQ HEAD, LI ST_HEAD, or TAI LQ HEAD. See the examples belofor further
explanation of hav these macros are used.

SINGLY-LINKED LISTS

BSD

A singly-linked list is headed by a structure defined bySheST HEAD macro. Thisstructure con-

tains a single pointer to the first element on the list. The elements are singly linked for minimum space
and pointer manipulatiorverhead at the expense of O(n) remidor arbitrary elementsNew elements

can be added to the list after an existing element or at the head of tnlBt.l ST HEAD structure is
declared as follows:
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SLI ST_HEAD( HEADNAME, TYPE) head:;

whereHEADNAME is the name of the structure to be defined, BY#dE is the type of the elements to be
linked into the list. A pointer to the head of the list can later be declared as:

st ruct HEADNAME [headp;
(The namesiead andheadp are user selectable.)
The macrdSLI ST_HEAD | NI TI ALI ZER evduates to an initializer for the listead.
The macrdSLI ST_EMPTY evduates to true if there are no elements in the list.
The macrdSLI ST_ENTRY declares a structure that connects the elements in the list.
The macrdSLI ST_FI RST returns the first element in the list or NULL if the list is empty.

The macraSLI ST_FOREACH traverses the list referenced Imead in the forward direction, assigning
each element in turn toar .

The macroSLI ST _FOREACH FROM behaes identically toSLI ST _FOREACH whenvar is NULL,
else it treatvyar as a previously found SLIST element and begins the loemmatinstead of the first
element in the SLIST referenced Ihgad.

The macroSLI ST_FOREACH_SAFE traverses the list referenced thead in the forward direction,
assigning each element in turnvtar . However, unlike SLI ST_FOREACH() here it is permitted to both
removevar as well as free it from within the loop safely without interfering with theeteal.

The macroSLI ST_FOREACH FROM SAFE behaes identically toSLI ST _FOREACH_SAFE when
var is NULL, else it treatsrar as a preiously found SLIST element and begins the loopr at
instead of the first element in the SLIST referenceldnd.

The macrdSLI ST_| NI T initializes the list referenced head.

The macrdSLI ST_| NSERT _HEAD inserts the ng elementel mat the head of the list.

The macrdSLI ST_| NSERT _AFTER inserts the ng elementel mafter the elemeniti st el m
The macrdSLI ST_NEXT returns the next element in the list.

The macro SLI ST REMOVE_AFTER removes the element afterel m from the list. Unlike
SLI ST_REMOVE, this macro does not trerse the entire list.

The macraSLI ST _REMOVE_HEAD removes the elementl mfrom the head of the listFor optimum
efficieng/, dements being renved from the head of the list shouldgdicitly use this macro instead of
the generiSLI ST_REMOVE macro.

The macrdSLI ST_REMOVE removes the elemenel mfrom the list.
The macrdSLI ST_SWAP swaps the contents beadl andhead?2.
SINGLY-LINKED LIST EXAMPLE
SLI ST _HEAD(sl i sthead, entry) head =
SLI ST_HEAD | NI Tl ALI ZER( head) ;
struct slisthead Cheadp; /0 Singly-linked List head. O
struct entry {
SLI ST_ENTRY(entry) entries; /O Singly-linked List. O
} hl, [h2, [h3, [hp;
SLI ST_I NI T( &ead) ; [Olnitialize the list. O

nl = mal | oc(sizeof (struct entry)); /OlInsert at the head. O
SLI ST_| NSERT_HEAD( &ead, nl, entries);
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n2 = mal | oc(sizeof (struct entry)); /Olnsert after. O
SLI ST I NSERT_AFTER(nl, n2, entries);

SLI ST _REMOVE( &ead, n2, entry, entries);/ODeletion. O
free(n2);

n3 = SLI ST_FI RST( &ead) ;
SLI ST _REMOVE_HEAD( &ead, entries); /O Deletion fromthe head. O
free(n3);
/0 Forward traversal. [
SLI ST _FOREACH(np, &head, entries)
np-> ...
/0 Safe forward traversal. [
SLI ST _FOREACH SAFE(np, &head, entries, np_tenp) {
np->do_stuff();

SLI ST _REMOVE( &ead, np, entry, entries);

free(np);
}
whil e (!SLIST_EMPTY(&head)) { /O List Deletion. O
nl = SLI ST_FI RST( &head) ;
SLI ST_REMOVE_HEAD( &ead, entries);
free(nl);
}

SINGLY-LINKED TAIL QUEUES
A singly-linked tail queue is headed by a structure defined bgTé¢ LQ HEAD macro. Thisstructure
contains a pair of pointers, one to the first element in the tail queue and the other to the last element in
the tail queue. The elements are singly didor minimum space and pointer manipulativerbead at
the &xpense of O(n) remal for arbitrary elementsNew elements can be added to the tail queue after
an existing element, at the head of the tail queue, or at the end of the tail gusTél LQ HEAD
structure is declared as follows:

STAI LQ HEAD( HEADNAMVE, TYPE) head;

whereHEADNAME is the name of the structure to be defined, BYiéE is the type of the elements to be
linked into the tail queueA pointer to the head of the tail queue can later be declared as:

struct HEADNAME [headp;
(The namesiead andheadp are user selectable.)
The macrdSTAI LQ HEAD | NI TI ALI ZER evduates to an initializer for the tail quebead.

The macroSTAI LQ_CONCAT concatenates the tail queue headedhésd2 onto the end of the one
headed byneadl removing all entries from the former.

The macrdSTAI LQ EMPTY evduates to true if there are no items on the tail queue.
The macrdSTAI LQ _ENTRY declares a structure that connects the elements in the tail queue.
The macrdSTAI LQ _FI RST returns the first item on the tail queue or NULL if the tail queue is empty.

The macroSTAI LQ FOREACH traverses the tail queue referenced lyad in the forward direction,
assigning each element in turnvar .

The macrdSTAI LQ FOREACH FROMbehaes identically toSTAI LQ FOREACHwhenvar is NULL,
else it treatvar as a previously found STAILQ element andjins the loop atar instead of the first
element in the STAILQ referenced hgad.
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The macroSTAI LQ FOREACH SAFE traverses the tail queue referenced lbgad in the forward
direction, assigning each element in turrvér . Howeve, unlike STAI LQ_FOREACH() here it is per
mitted to both remee var as well as free it from within the loop safely without interfering with the tra-
versal.

The macrdSTAI LQ FOREACH FROM SAFE behaes identically toSTAI LQ FOREACH_SAFE when
var is NULL, else it treatvar as a previously found STAILQ element andjips the loop avar
instead of the first element in the STAILQ referencetésd.

The macrdSTAI LQ | NI T initializes the tail queue referenced thgad.

The macrdSTAI LQ | NSERT_HEAD inserts the ng elementel mat the head of the tail queue.
The macrdSTAI LQ | NSERT_TAI L inserts the ng elementel mat the end of the tail queue.
The macrdSTAI LQ | NSERT_AFTER inserts the ng elementel mafter the elemeriti st el m

The macraSTAI LQ _LAST returns the last item on the tail queue. If the tail queue is empty the return
value isNULL.

The macrdSTAI LQ_NEXT returns the next item on the tail queue, or NULL this item is the last.

The macroSTAlI LQ REMOVE_AFTER removes the element afteel m from the tail queue.Unlike
STAI LQ_REMOVE, this macro does not trarse the entire tail queue.

The macroSTAI LQ REMOVE HEAD removes the element at the head of the tail queber optimum
efficieng, dements being renved from the head of the tail queue should use this macqobcily
rather than the gener&TAl LQ_REMOVE macro.

The macrdSTAI LQ _REMOVE removes the elemenel mfrom the tail queue.
The macrdSTAI LQ_SWAP swaps the contents bkadl andhead?2.

SINGLY-LINKED TAIL QUEUE EXAMPLE
STAI LQ HEAD( st ai | head, entry) head =
STAI LQ HEAD | NI Tl ALI ZER( head) ;
struct stail head Cheadp; /0 Singly-linked tail queue head. O
struct entry {

STAI LQ ENTRY(entry) entries; /0O Tail queue. O
} hl, [h2, [h3, [hp;
STAI LQ | NI T( &ead) ; [OlInitialize the queue. O

nl = mal | oc(sizeof (struct entry)); /OlInsert at the head. O
STAI LQ | NSERT_HEAD( &ead, nl, entries);

nl = mal | oc(sizeof (struct entry)); /Olnsert at the tail. O
STAI LQ | NSERT_TAI L( &ead, nl, entries);

n2 = mal | oc(sizeof (struct entry)); /Olnsert after. O
STAI LQ | NSERT_AFTER( &ead, nl, n2, entries);
/O Deletion. O
STAlI LQ REMOVE( &head, n2, entry, entries);
free(n2);
/O Deletion fromthe head. [
n3 = STAI LQ FI RST( &ead);
STAI LQ REMOVE _HEAD( &head, entries);
free(n3);
/0 Forward traversal. [
STAlI LQ FOREACH( np, &head, entries)
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np-> ...
/0 Safe forward traversal. O
STAlI LQ FOREACH SAFE(np, &head, entries, np_tem) {
np->do_stuff();

STAl LQ REMOVE( &head, np, entry, entries);
free(np);
}

whil e (! STAI LQ EMPTY(&head)) {
nl = STAI LQ FI RST( &ead);
STAl LQ REMOVE HEAD( &ead, entries);
free(nl);

/OTail Q Deletion. O

}

nl = STAI LQ FI RST( &ead);

while (nl !'= NULL) {
n2 = STAILQ NEXT(nl, entries);
free(nl);
nl = n2;

/0 Faster TailQ Deletion. O

}
STAI LQ I NI T( &ead) ;

LISTS
A list is headed by a structure defined by thesT HEAD macro. Thisstructure contains a single
pointer to the first element on the listhe elements are doubly linked so that an arbitrary element can be
removed without traversing the list. New elements can be added to the list after an existing element,
before an existing element, or at the head of the lidtl 8T HEAD structure is declared as follows:

LI ST_HEAD( HEADNAMVE, TYPE) head;

whereHEADNAME is the name of the structure to be defined, BYidE is the type of the elements to be
linked into the list. A pointer to the head of the list can later be declared as:

struct HEADNAME [headp;
(The namesiead andheadp are user selectable.)
The macrd.l ST_HEAD | NI Tl ALI ZER evduates to an initializer for the listead.
The macrd.l ST_EMPTY evduates to true if there are no elements in the list.
The macrd.l ST_ENTRY declares a structure that connects the elements in the list.
The macrd.l ST_FI RST returns the first element in the list or NULL if the list is empty.

The macroL| ST_FOREACH traverses the list referenced lnead in the forward direction, assigning
each element in turn toar .

The macrd.| ST_FOREACH _FROMbehaes identically toLl1 ST _FOREACH whenvar is NULL, else
it treatsvar as a previously found LIST element andjins the loop atar instead of the first element
in the LIST referenced hiyead.

The macroLl ST_FOREACH_SAFE traverses the list referenced byead in the forward direction,
assigning each element in turnvar . Howeve, unlike L1 ST_FOREACH() here it is permitted to both
removevar as well as free it from within the loop safely without interfering with theeteal.

The macra.l ST_FOREACH FROM SAFE behaes identically toL| ST _FOREACH_SAFE whenvar
is NULL, else it treatvar as a previously found LIST element and begins the loafaatinstead of
the first element in the LIST referencedhmad.

Junel?, 2013 8



https://man.m.sourcentral.org/ubuntu2010/3+SLIST_FOREACH_FROM_SAFE

Ubuntu 20.10 (Groovy Gorilla) man.m.sourcentral.org

QUEUE (3bsd) LOCAL QUEUE (3bsd)

The macrd.l ST_I NI T initializes the list referenced thead.

The macrd.l ST_| NSERT_HEAD inserts the ng elementel mat the head of the list.

The macrd.l ST_| NSERT _AFTER inserts the ng elementel mafter the elemeriti st el m
The macrd.l ST_| NSERT_BEFORE inserts the ng elementel mbefore the elemeihti st el m
The macrd.l ST_NEXT returns the next element in the list, or NULL if this is the last.

The macrd.l ST_PREV returns the previous element in the list, or NULL if this is the fits$t head
must contain eleme m

The macrd.l ST_REMOVE removes the elemenel mfrom the list.
The macrd.l ST_SWAP swaps the contents bkadl andhead?2.

LIST EXAMPLE
LI ST HEADX | i st head, entry) head =
LI ST_HEAD | NI TI ALI ZER( head) ;
struct |isthead [Cheadp; /0O List head. O
struct entry {

LI ST ENTRY(entry) entries; [OList. O
} [hl, [h2, [h3, Chp, Chp_tenp;
LI ST I NI T( &ead) ; [Olnitialize the list. O

nl = mal | oc(sizeof (struct entry)); /OlInsert at the head. O
LI ST I NSERT_HEAD( &ead, nl, entries);

n2 = mal | oc(sizeof (struct entry)); /Olnsert after. O
LI ST I NSERT_AFTER(nl1, n2, entries);

n3 = mal | oc(sizeof (struct entry)); /OlInsert before. O
LI ST I NSERT _BEFORE(Nn2, n3, entries);

LI ST REMOVE(n2, entries); /O Deletion. O
free(n2);
/0 Forward traversal. [
LI ST _FOREACH( np, &head, entries)
np-> ...

/0 Safe forward traversal. O
LI ST _FOREACH SAFE(np, &head, entries, np_tem) {
np->do_stuff();

LI ST REMOVE(np, entries);

free(np);
}
while (!'LI ST _EMPTY( &ead)) { /OList Deletion. O
nl = LI ST_FI RST( &ead);
LI ST REMOVE(nl, entries);
free(nl);
}
nl = LI ST_FI RST( &ead); /0 Faster List Deletion. OO

while (nl1 '= NULL) {
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n2 = LI ST_NEXT(nl, entries);
free(nl);
nl = n2;

}

LI ST_I NI T( &ead);

TAIL QUEUES
A tail queue is headed by a structure defined by &id.Q HEAD macro. Thisstructure contains a pair
of pointers, one to the first element in the tail queue and the other to the last element in the tail queue.
The elements are doubly linked so that an arbitrary element can beedewithout traversing the tail
gueue. Nev elements can be added to the tail queue afterxetirey element, before an existing ele-
ment, at the head of the tail queue, or at the end of the tail gAetial LQ HEAD structure is declared
as follows:

TAI LQ HEAD( HEADNAME, TYPE) head:;

whereHEADNAME is the name of the structure to be defined, BYiéE is the type of the elements to be
linked into the tail queueA pointer to the head of the tail queue can later be declared as:

struct HEADNAME [headp;
(The namesiead andheadp are user selectable.)
The macroTAl LQ HEAD | NI TI ALI ZER evduates to an initializer for the tail quehead.

The macroTAl LQ CONCAT concatenates the tail queue headechbgd2 onto the end of the one
headed byneadl removing all entries from the former.

The macroTAl LQ _EMPTY evduates to true if there are no items on the tail queue.
The macroTAl LQ_ENTRY declares a structure that connects the elements in the tail queue.
The macroTAl LQ_FI RST returns the first item on the tail queue or NULL if the tail queue is empty.

The macroTAl LQ FOREACH traverses the tail queue referenced tgad in the forward direction,
assigning each element in turnvtar . var is set toNULL if the loop completes normallyr if there
were no elements.

The macroTAl LQ FOREACH FROM behaes identically toTAI LQ FOREACH whenvar is NULL,
else it treatvar as a previously found TAILQ element and begins the loopaatinstead of the first
element in the TAILQ referenced byad.

The macroTAl LQ FOREACH REVERSE traverses the tail queue referenced ad in the reverse
direction, assigning each element in turvéo .

The macroTAl LQ FOREACH REVERSE FROMbehaes identically toTAl LQ FOREACH REVERSE
whenvar is NULL, else it treatsar as a previously found TAILQ element andylves the reerse loop
atvar instead of the last element in the TAILQ referenceti&sd.

The macroF Al LQ FOREACH SAFE andTAI LQ FOREACH REVERSE SAFE traverse the list refer
enced byhead in the forward or reerse direction respeetly, assigning each element in turnyar .
However, unlike their unsafe counterparffAl LQ FOREACHandTAI LQ FOREACH REVERSE make

it possible to both remve var as well as free it from within the loop safely without interfering with the
traversal.

The macroTAl LQ FOREACH FROM SAFE behaes identically to TAI LQ FOREACH SAFE when
var is NULL, else it treatsvyar as a previously found TAILQ element andglmes the loop atar
instead of the first element in the TAILQ referencedhbgad.

The macro  TAlI LQ FOREACH REVERSE FROM SAFE behaes identically to
TAl LQ FOREACH REVERSE SAFE whenvar is NULL, else it treatsvar as a previously found
TAILQ element and begins theveese loop awvar instead of the last element in the TAILQ referenced
by head.
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The macroTAl LQ_| NI T initializes the tail queue referenced thgad.

The macroTAl LQ | NSERT _HEAD inserts the ng elementel mat the head of the tail queue.
The macroTAl LQ | NSERT_TAI L inserts the ng elementel mat the end of the tail queue.
The macroTAl LQ | NSERT _AFTER inserts the ng elementel mafter the elemeniti st el m
The macroTAl LQ | NSERT _BEFORE inserts the ng elementel mbefore the elementi st el m

The macroTAl LQ_LAST returns the last item on the tail queue. If the tail queue is empty the return
value isNULL.

The macroTAl LQ_NEXT returns the next item on the tail queue, or NULL if this item is the last.
The macroTAl LQ_PREV returns the previous item on the tail queue, or NULL if this item is the first.
The macroTAl LQ_REMOVE removes the elemengel mfrom the tail queue.

The macroTAl LQ_SWAP swaps the contents beadl andhead?2.

TAIL QUEUE EXAMPLE
TAI LQ HEAD(t ai | head, entry) head =
TAI LQ HEAD | NI TI ALI ZER( head) ;
struct tail head [Cheadp; /0 Tail queue head. O
struct entry {

TAI LQ ENTRY(entry) entries; /0O Tail queue. O
} hl, [h2, [h3, [hp;
TAI LQ I NI T( &ead) ; [OlInitialize the queue. O

nl = mal | oc(sizeof (struct entry)); /OlInsert at the head. O
TAI LQ | NSERT_HEAD( &ead, nl, entries);

nl = mal | oc(sizeof (struct entry)); /Olnsert at the tail. O
TAI LQ | NSERT_TAI L( &ead, nl, entries);

n2 = mal | oc(sizeof (struct entry)); /OlInsert after. O
TAI LQ | NSERT_AFTER( &ead, nl, n2, entries);

n3 = mal | oc(sizeof (struct entry)); /OlInsert before. O
TAI LQ | NSERT_BEFORE(nNn2, n3, entries);

TAl LQ REMOVE( &ead, n2, entries); /O Deletion. O
free(n2);
/0 Forward traversal. [
TAI LQ FOREACH( np, &head, entries)
np-> ...
/0 Safe forward traversal. [
TAI LQ FOREACH SAFE(np, &head, entries, np_tenp) {
np->do_stuff();

TAl LQ REMOVE( &head, np, entries);
free(np);

}
/0 Reverse traversal. O
TAl LQ FOREACH REVERSE( np, &head, tail head, entries)
np-> ...
/OTail Q Deletion. O
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while (! TAILQ EMPTY(&head)) ({
nl = TAI LQ FI RST( &head);

man.m.sourcentral.org

TAl LQ REMOVE( &head, nl, entries);

free(nl);
}

nl = TAILQ FI RST( &ead);

while (nl !'= NULL) {
n2 = TAI LQ NEXT(nl, entries);
free(nl);
nl = n2;

}

TAI LQ_I NI T( &ead) ;

SEE ALSO
t r ee(3bsd)

HISTORY
Thequeue functions first appeared in 488D.

/0 Faster Tail Q Del etion.
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