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1/*

2 * CDDL HEADER START

3 *

4 * The contents of this file are subject to the terms of the

5 * Common Devel opnent and Distribution License (the "License").

6 * You may not use this file except in conpliance with the License.

7 *

8 * You can obtain a copy of the license at usr/src/OPENSOLARI S. LI CENSE

9 * or http://ww. opensol aris.org/os/licensing.

10 * See the License for the specific |anguage governing pernissions

11 * and limtations under the License.

12 =

13 * When distributing Covered Code, include this CDDL HEADER i n each

14 * file and include the License file at usr/src/ OPENSOLARI S. LI CENSE.

15 * |f applicable, add the follow ng below this CODL HEADER, with the

16 * fields enclosed by brackets "[]" replaced with your own identifying

17 * information: Portions Copyright [yyyy]l [nane of copyright owner]

18 *

19 * CDDL HEADER END

20 */

21 /=

22 * Copyright 2009 Sun Mcrosystens, Inc. Al rights reserved.

23 * Use is subject to |license terns.

24 =/

26 /*

27 * Copyright (c) 2014 by Del phix. Al rights reserved.

28 * Copyright 2015 Nexenta Systenms, Inc. Al rights reserved.

29 #endit /* | codereview */

30 */

32 /*

33 * AVL - generic AVL tree inplenentation for kernel use

34 *

35 * A conplete description of AVL trees can be found in many CS textbooks.

36 *

37 * Here is a very brief overview. An AVL tree is a binary search tree that is

38 * alnost perfectly balanced. By "al nbst" perfectly bal anced, we nean that at

39 * any given node, the left and right subtrees are allowed to differ in height

40 * by at nost 1 |evel.

41 *

42 * This relaxation froma perfectly bal anced binary tree all ows doi ng

43 * insertion and deletion relatively efficiently. Searching the tree is

44 * still a fast operation, roughly O(l1og(N)).

45 *

46 * The key to insertion and deletion is a set of tree manipul ations called

47 * rotations, which bring unbal anced subtrees back into the sem -bal anced state.

48 *

49 * This inplenentation of AVL trees has the follow ng peculiarities:

50 *

51 * - The AVL specific data structures are physically enbedded as fields

52 * in the "using" data structures. To naintain generality the code

53 * nmust const antly transl ate bet ween "avl _node_t *" and containing

54 * data structure "void *"s by adding/subtracting the avl of fset.

55 *

56 * - Since the AVL data is always enbedded in other structures, there is

57 * no locking or nenory allocation in the AVL routines. This nust be

58 * provided for by the enclosing data structure’s semantics. Typically,
*
*

avl _insert()/_add()/ _renove()/avl _insert_here() require sonme kind of
exclusive wite lock. OGther operations require a read |ock.
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61 *
62 * - The inplenentation uses iteration instead of explicit recursion,
63 * since It is intended to run on limted size kernel stacks. Since
64 * there is no recursion stack present to nove "up" in the tree,
65 * there is an explicit "parent” link in the avl_node_t.
66 *
67 * The left/right children pointers of a node are in an array.
68 * In the code, variables (instead of constants) are used to represent
69 * left and right indices. The inplenentation is witten as if it only
70 * dealt with l'eft handed mani pul ati ons. By changi ng the val ue assi gned
71 = o "left", the code also works for right handed trees. The
72 * followi ng variables/terns are frequently used:
73 *
74 = int left; /1 0 when dealing with |eft children,
75 * /1 1 for dealing with right children
76 *
77 * int left_heavy; // -1 when left subtree is taller at sone node,
78 * /1 +1 when right subtree is taller
79 *
80 * int ht; /1 will be the opposite of left (0 or 1)
81 * int rlght _heavy;// will be the opposite of left_heavy (-1 or 1)
82 *
83 * int direction; // O for "<" (ie. left child); 1 for ">" (right)
84 *
85 * Though it is a little nore confusing to read the code, the approach
86 * al l ows using half as much code (and hence cache footprint) for tree
87 * mani pul ati ons and el im nates many conditional branches.
88 *
89 * The avl _index_t is an opaque "cookie" used to find nodes at or
90 * adj acent to where a new val ue woul d be inserted in the tree. The val ue
91 * is anodified "avl _node_t *". The bottombit (normally O for a
92 * pointer) is set to indicate if that the new node has a val ue greater
93 * than the value of the indicated "avl _node_t *".
94 *
95 * Note - in addition to userland (e.g. libavl and libutil) and the kernel
96 * (e.g. genunix), avl.c is conpiled into Id.so and knmdb’ s genuni x nodul e,
97 * which each have their own conpilation environments and subsequent
98 * requirenments. Each of these environments nust be consi dered when addi ng
99 * dependencies fromavl.c
100 */
102 #include <sys/types. h>
103 #i ncl ude <sys/param h>
104 #incl ude <sys/debug. h>
105 #incl ude <sys/avl.h>
106 #include <sys/cmm_err. h>
108 /*
109 * Small arrays to translate between bal ance (or diff) values and child indices.
110 *
111 * Code that deals with binary tree data structures will randonly use
112 * left and right children when examining a tree. C"if()" statenents
113 * which evaluate randomy suffer fromvery poor hardware branch prediction.
114 * In this code we avoid sonme of the branch m spredictions by using the
115 * followi ng translation arrays. They replace random branches with an
116 * additional nmenory reference. Since the translation arrays are both very
117 * small the data should remain efficiently in cache.
118 */
119 static const int avl_child2balance[2] = {-1, 1};
120 static const int avl_bal ance2child[] = {0, 0, 1};
123 /*
124 * \Walk fromone node to the previous valued node (ie. an infix walk
125 * towards the left). At any given node we do one of 2 things:
126
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*
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- If there is aleft child, gotoit, then to it’'s rightnost descendant.

- otherwise we return through parent nodes until we' ve come froma right
child.

Ret urn Val ue:
NULL - if at the end of the nodes

ot herwi se next node
S

void *
avl _wal k(avl _tree_t *tree, void *oldnode, int left)
138 {

}
/

*
*
*
*

size_t off = tree->avl _offset;

avl _node_t *node = AVL_DATA2NODE( ol dnode, off);
int right =1 - left;

int was_child;

/*
* nowhere to walk to if tree is enpty
*
if (node == NULL)
return (NULL);

*

* Visit the previous valued node. There are two possibilities:
*

* |f this node has a left child, go down one left, then all
* the way right.
*/

if (node->avl_child[left] !'= NULL)
for (node = node->avl _child[left];
node->avl _child[right] = NULL;
node = node->avl _child[right])
/* '
*/C):herwi se, return thru left children as far as we can.
*
} else {
for (;;) {
was_child = AVL_XCHI LD( node) ;
node = AVL_XPARENT( node);
if (node == NULL)
return (NULL);
if (was_child == right)
br eak;

}
return (AVL_NODE2DATA(node, off));

Return the | owest valued node in a tree or NULL.

(leftrmost child fromroot of tree)
/

void *
avl _first(avl _tree_t *tree)
185 {

avl _node_t *node;
avl _node_t *prev = NULL;
size_t off = tree->avl _offset;

for (node = tree->avl _root; node != NULL;
prev = node;

node = node->avl _chil d[0])
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VOi
avl

204 {
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*
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voi
avl

228 {
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256

* ok Ok ok Ok Ok %

*

*/
voi
avl

257 {

258

if (prev !'= NULL)
return (AVL_NCDE2DATA(prev, off));
return (NULL);

Return the highest valued node in a tree or NULL.

(rightnost child fromroot of tree)
d *
_last(avl _tree_t *tree)
avl _node_t *node;
avl _node_t *prev = NULL;
size_t off = tree->avl _offset;
for (node = tree->avl _root; node != NULL; node = node->avl _child[1])
prev = node;
if (prev !'= NULL)
return (AVL_NODE2DATA(prev, off));
return (NULL);
Access the node i nmediately before or after an insertion point.
"avl _index_t" is a (avl_node_t *) with the bottombit indicating a child
Return val ue:

NULL: no node in the given direction
"void *" of the found tree node

d *
_nearest(avl _tree_t *tree, avl_index_t where, int direction)

int child = AVL_I NDEX2CHI LD( wher e) ;

avl _node_t *node = AVL_| NDEX2NODE( where) ;
voi d *dat a;

size_t off = tree->avl _offset;

if (node == NULL) {
ASSERT(tree->avl _root == NULL);
return (NULL);

}
data = AVL_NCDE2DATA( node, off);
if (child !'= direction)

return (data);

return (avl _wal k(tree, data, direction));

Search for the node which contains "val ue".
sinple binary tree search.

The algorithmis a

return val ue:
NULL: the value is not in the AVL tree
*where (if not NULL) is set to indicate the insertion point
"void *" of the found tree node
d *
_find(avl _tree_t *tree, const void *value, avl_index_t *where)

avl _node_t *node;
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259 avl _node_t *prev = NULL;

260 int child = 0;

261 int diff;

262 size_t off = tree->avl _offset;

264 for (node = tree->avl _root; node != NULL;
265 node = node->avl _child[child]) {

267 prev = node;

269 diff = tree->avl _conpar(val ue, AVL_NODE2DATA(node, off));

270 ASSERT(-1 <= diff && diff <= 1);
271 if (diff ==0) {

272 #ifdef DEBUG

273 if (where !'= NULL)

274 *where = 0;

275 #endi f

276 return (AVL_NODE2DATA(node, off));
277 }

278 child = avl _bal ance2child[1 + diff];

280 }

282 if (where !'= NULL)
283 *where = AVL_MKI NDEX( prev, child);

285 return (NULL);
286 }

289 /
290
291
292
293
294
295
296
297
298
299
300
301 * -2 or +2.

302 */

303 static int

304 avl _rotation(avl _tree_t *tree, avl_node_t *node, int bal ance)

Performa rotation to restore bal ance at the subtree given by depth.

i ndi cat es:
0 : subtree did not change height
10 : subtree was reduced in height

I N

This routine is used by both insertion and deletion. The return val ue

On input balance is the "new' balance at "node". This value is either

The code is witten as if handling left rotations, right rotations are
symetric and handl ed by swappi ng val ues of variables right/left[_heavy]

be 0 */

305 {

306 int left = !(balance < 0); /* when balance = -2, left wll
307 int right =1 - left;

308 int |eft_heavy = bal ance >> 1;

309 int right_heavy = -left_heavy;

310 avl _node_t *parent = AVL_XPARENT( node);

311 avl _node_t *child = node->avl _child[left];

312 avl _node_t *cright;

313 avl _node_t *gchild;

314 avl _node_t *gright;

315 avl _node_t *gleft;

316 int which_child = AVL_XCH LD( node) ;

317 int child_bal = AVL_XBALANCE(child);

319 /* BEA N CSTYLED */

320 /*

321 * case 1 : node is overly left heavy, the left child is balanced or
322 * also left heavy. This requires the follow ng rotation.

323 *

324 i (node bal: -2)
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325 * / \

326 * / \

327 * (child bal:0 or -1)

328 * / \

329 * / \

330 * cright

331 *

332 * becones:

338 *

334 * (child bal:1 or 0)

335 * / \

336 * / \

337 * (node bal :-1 or 0)

338 * / \

339 * / \

340 * cright

341 *

342 * we detect this situation by noting that child s bal ance is not
343 * right _heavy.

344 */

345 /* END CSTYLED */

346 if (child_bal != right_heavy) {

348 /*

349 * conpute new bal ance of nodes

350 *

351 * If child used to be left heavy (now bal anced) we reduced
352 * the height of this sub-tree -- used in "return...;" bel ow
353 *

354 child_bal += right_heavy; /* adjust towards right */
356 /*

357 * nove "cright" to be node’s left child

358 */

359 cright = child->avl _child[right];

360 node->avl _child[left] = cright;

361 if (cright !'= NULL)

362 AVL_SETPARENT( cri ght, node);

363 AVL_SETCHI LD(cright, left);

364 }

366 /*

367 * move node to be child s right child

368 */

369 child->avl _child[right] = node;

370 AVL_SETBALANCE( node, -child_bal);

371 AVL_SETCHI LD( node, right);

372 AVL_SETPARENT( node, child);

374 /*

375 * update the pointer into this subtree

376 */

377 AVL_SETBALANCE( chi I d, child_bal);

378 AVL_SETCHI LD( chi | d, which_child);

379 AVL_SETPARENT(chi |l d, parent);

380 if (parent != NULL)

381 parent - >avl _chil d[whi ch_child] = child;
382 el se

383 tree->avl _root = child;

385 return (child_bal == 0);

386 }

388 /* BEGA N CSTYLED */

389 /*

390 * case 2 : Wien node is left heavy, but child is right heavy we use
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391 * a different rotation. 457 AVL_SETPARENT( node, gchild);
392 * 458 AVL_SETCHI LD( node, right);
393 * (node b:-2)
394 * / \ 460 AVL_SETBALANCE(gchi | d, 0);
395 * / \ 461 AVL_SETPARENT( gchi | d, par ent)
396 * / \ 462 AVL_SETCHI LD( gchi | d, whi ch ch| 1d);
397 * (child b:+1) 463 if (parent != NULL)
398 * / \ 464 parent - >avl _chi | d[ whi ch_child] = gchild,;
399 * / \ 465 el se
400 * (gchild b: I'=0) 466 tree->avl _root = gchild;
401 * I\
402 kd / \ 468 return (1); /* the new tree is always shorter */
403 * gleft gright 469 }
404 *
405 * becones:
406 * 472 | *
407 * (gchild b:0) 473 * Insert a new node into an AVL tree at the specified (fromavl_find()) place.
408 * / \ 474 =
409 * / \ 475 * Newly inserted nodes are always |eaf nodes in the tree, since avl_find()
410 * / \ 476 * searches out to the |leaf positions. The avl_index_t indicates the node
411 * (child b:?) (node b:?) 477 * which will be the parent of the new node.
412 * I\ / \ 478 *
413 * / \ / \ 479 * After the node is inserted, a single rotation further up the tree nay
414 * gleft gright 480 * be necessary to mmintain an acceptable AVL bal ance.
415 * 481 */
416 * conputing the new bal ances is nore conplicated. As an exanpl e: 482 void
417 * if gchild was right_heavy, then child is now | eft heavy 483 avl _insert(avl _tree_t *tree, void *new data, avl_index_t where)
418 X else it is balanced 484 {
419 ] 485 avl _node_t *node;
420 /* END CSTYLED */ 486 avl _node_t *parent = AVL_| NDEX2NCDE(wher e);
421 gchild = child->avl _child[right]; 487 int ol d_bal ance;
422 gleft = gchild->avl _child[left]; 488 int new bal ance;
423 gright = gchild->avl_child[right]; 489 int which_child = AVL_I NDEX2CHI LD( wher e) ;
490 size_t off = tree->avl_offset;
425 /*
426 * nove gright to left child of node and 492 ASSERT(tree);
427 * 493 #ifdef _LP64
428 * move gleft to right child of node 494 ASSERT(((uintptr_t)new data & 0x7) == 0);
429 */ 495 #endi f
430 node- >avl _child[left] = gright;
431 if (gright !'= NULL) { 497 node = AVL_DATA2NCDE(new_data, off);
432 AVL_SETPARENT(gri ght, node);
433 AVL_SETCHI LD(gri ght, left); 499 /*
434 } 500 * First, add the node to the tree at the indicated position.
501 */
436 child->avl _child[right] = gleft; 502 ++t r ee- >avl _nummodes;
437 if (gleft T= NULL) {
438 AVL_SETPARENT( gl eft, child); 504 node- >avl _chil d[ 0] = NULL;
439 AVL_SETCH LD(gl eft, right); 505 node- >avl _child[1] = NULL;
440 }
507 AVL_SETCHI LD(node, which_child);
442 /* 508 WVL_SETBALANCE( node, 0);
443 * move child to left child of gchild and 509 VL_SETPARENT( node, parent);
444 * 510 |f (parent != NULL) {
445 * nmove node to right child of gchild and 511 ASSERT( par ent - >avl _chi | d[ whi ch_chi |l d] == NULL);
446 * 512 parent - >avl _chi | d[ whi ch_chi | d] = node;
447 * fixup parent of all this to point to gchild 513 } else {
448 */ 514 ASSERT(tree->avl _root == NULL);
449 bal ance = AVL_XBALANCE( gchild); 515 tree->avl _root = node;
450 gchild->avl _child[left] = chil d 516 }
451 AVL_SETBALANCE( chi | d, (baI ance == right_heavy ? left_heavy : 0)); 517 /*
452 AVL_SETPARENT(chi |l d, gchild); 518 * Now, back up the tree nodifying the bal ance of all nodes above the
453 AVL_SETCHI LD(chi l d, left); 519 * insertion point. If we get to a highly unbal anced ancestor, we
520 * need to do a rotation. |If we back out of the tree we are done.
455 gchild->avl _child[right] = node; 521 * |f we brought any subtree into perfect balance (0), we are al so done.
456 AVL_SETBALANCE( node, (bal ance == | eft_heavy ? right_heavy : 0)); 522 */
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for (53)
node = parent;
if (node == NULL)
return;

/*
* Conpute the new bal ance
*/

ol d_bal ance = AVL_XBALANCE( node) ;

new_bal ance = ol d_bal ance + avl ch| | d2bal ance[ whi ch_chi | d] ;

/*

* |f we introduced equal

*

/

if (new_bal ance == 0) {
AVL_SETBALANCE( node, 0);
return;

bal ance,

}
*
* |f both old and new are not zero we went
* from-1to -2 balance, do a rotation.

*/

if (old_balance != 0)

br eak;

AVL_SETBALANCE( node, new_bal ance) ;
parent = AVL_XPARENT( node);
whi ch_child = AVL_XCHI LD( node) ;

}

/*
* performa rotation to fix the tree and return
*/

(void) avl_rotation(tree, node, new bal ance);
}
/*
* Insert "new data" in "tree" in the glven "direction" either after or
* before (AVL_AFTER, AVL_BEFORE) the data "here".
*
* |nsertions can only be done at enpty |eaf points in the tree, therefore
* if the given child of the node is already present we nove to either
* the AVL_PREV or AVL_NEXT and reverse the insertion direction. Since
* every other node in the tree is a leaf, this always works.
*
* To hel p devel opers using this interface, we assert that the new node
* is correctly ordered at every step of the way in DEBUG kernel s.
*/
voi d
avl _insert _here(

avl _tree_t *tree,

voi d *new_dat a,

voi d *here,

int direction)
{

avl _node_t *node;

int child = direction; /* rely on AVL_BEFORE == 0, AVL_AFTER == 1 */
#i f def DEBUG

int diff;
#endi f

ASSERT(tree != NULL);

ASSERT(new_data != NULL)

ASSERT(here != NULL)

ASSERT(di rection == AVL BEFORE || direction == AVL_AFTER);

then we are done inmediately
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590 I*
591 * |f corresponding child of node is not NULL, go to the neighboring
592 * node and reverse the insertion direction.
593 */
594 node = AVL_DATA2NODE( here, tree->avl _offset);
596 #ifdef DEBUG
597 diff = tree->avl conpar(new data, here);
598 ASSERT( 1 <=diff && diff <= 1);
599 ASSERT(di ff != 0);
600 ASSERT(diff > 0 ? child == child == 0);
601 #endif
603 if (node->avl_child[child] !'= NULL) {
604 node = node->avl _child[child];
605 child =1 - child;
606 whi | e (node->avl _child[child] !'= NULL) {
607 #ifdef DEBUG
608 diff = tree->avl _conpar(new data
609 AVL_NODE2DATA( node, tree- >av| _offset));
610 ASSERT(-1 <= diff && diff <= 1);
611 ASSERT(di ff 1= 0);
612 ASSERT( di f f >0 2 child == child == 0);
613 #endi f
614 node = node->avl _child[child];
615 }
616 #ifdef DEBUG
617 di ff = tree->avl _conpar(new data
618 VL _NODE2DATA( node, tree- >av| _offset));
619 ASSERT(-1 <= diff && diff <= 1);
620 ASSERT(di ff 1= 0);
621 ASSERT(di ff >0 ? child = child == 0);
622 #endif
623 }
624 ASSERT( node- >avl _child[child] == NULL);
626 avl _insert(tree, new data, AVL_MKI NDEX(node, child));
627 }
629 /*
630 * Add a new node to an AVL tree.
631 */
632 void
633 avl _add(avl _tree_t *tree, void *new_node)
634
635 avl _i ndex_t where;
637 /*
638 * This is unfortunate. W want to call panic() here, even for
639 * non- DEBUG kernels. In userland, however, we can't depend on anything
640 * in libc or else the rtld build process gets conf used.
641 * Thankfully, rtld provides us with its own assfail() so we can use
642 * that here. W use assfail() directly to get a nice error nmessage
643 * in the core - much |ike what panic() does for crashdunps.
28 * in libc or else the rtld build process gets confused. So, all we can
29 * do in userland is resort to a normal ASSERT().
644 */
645 if (avl_find(tree, new_node, &where) != NULL)
646 #ifdef _KERNEL
647 pani c("avl _find() succeeded inside avl_add()");
648 tel se
649 (void) assfail ("avl_fi nd() succeeded inside avl_add()",
650 _FILE__ INE_);
35 ASSERT(0) ;
651 #endif
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avl _insert(tree, new_node,

653 }
____unchanged_portion_onitted_

where) ;
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CDDL HEADER START

The contents of this file are subject to the ternms of the
Conmmon Devel opnent and Distribution License (the "License").
You may not use this file except in conpliance with the License.

You can obtain a copy of the license at usr/src/ OPENSOLARI S. LI CENSE
or http://ww. opensol aris.org/os/licensing.

See the License for the specific |anguage governing pernissions

and limtations under the License.

When di stributing Covered Code, include this CDDL HEADER in each
file and include the License file at usr/src/ OPENSOLARI S. LI CENSE.

I f applicable, add the follow ng below this CDDL HEADER, with the
fields enclosed by brackets "[]" replaced with your own identifying
information: Portions Copyright [yyyy]l [nane of copyright owner]

CDDL HEADER END

Copyright 2008 Sun Mcrosystens, Inc. Al rights reserved.
Use is subject to license terns.

i dent " %&Z%Mb % % %EY% SM "
LI BRARY= libavl.a
VERS= L1
OBJECTS= avl .o
include ../../Makefile.lib
include ../../Makefile.rootfs

LIBS = $(DYNLI B) $(LINTLI B)
SRCS = $(COMDIR)/avl . c
$(LINTLIB) := SRCS = $(SRCDI R)/ $( LI NTSRC)
COWDI R = $( SRC) / common/ avl
LDLI BS += -lc

#endif /* | codereview */

CFLAGS += $( CCVERBOSE)

. KEEP_STATE:

all : $(LIBS)

lint : I|intcheck

pi cs/ % o: $(COVMDIR)/ % c

$(COWPILE. ¢) -0 $@ $<
$( POST_PROCESS_O)

include ../../Makefile.targ




