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“Skip lists are data structures that use probabilistic balancing rather than strictly enforced balancing. As a result, the
algorithms for insertion and deletion in skip lists are much simpler and significantly faster than equivalent algorithms
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[java] view plain copy =

1. public class ConcurrentSkipListMap<K,V> extends AbstractMap<K,V> implements ConcurrentNavigableMap<K,V>,

2 Cloneable,java.io.Serializable {

3. /** Special value used to identify base-level header*/

4. private static final Object BASE_ HEADER = new Object();//iZ BB TAMCEdET mfket s

5. /** The topmost head index of the skiplist.*/

6. private transient volatile HeadIndex<K,V> head;//sx& & A& S| k

/** Nodes hold keys and values, and are singly linked in sorted order, possibly with some intervening marker nodes.
9. Thelist is headed by a dummy node accessible as head.node. The value field is declared only as Object because it

10. takes special non-V values for marker and header nodes. */

11.  static final class Node<K,V> {/ /R TFRENHEIET = , FEEBFHSLER.

12. final K key;

S

13. volatile Object value;

14. volatile Node<K,V> next;// [E¥SIET M
15. e

16. }

17.  /** Index nodes represent the levels of the skip list.
18. Note that even though both Nodes and Indexes have forward-
pointing fields, they have different types and are handled
19. in different ways, that can't nicely be captured by placing field in a shared abstract class.
20. */
21. static class Index<K,V> {//&3|TT =
22, final Node<K,V> node;//Z 5|3 R REXHIEHET R
23.  final Index<K,V> down;// T —&HIZRS|I TR CGEXRBUET mAERE)
24. volatile Index<K,V> right;//48TZ&3| KHF , FHES|IT S
25. ...
26. }
27.  /** Nodes heading each level keep track of their level.*/
28. static final class HeadIndex<K,V> extends Index<K,V> {//%3|k
29. final int level;// 23| &5
30. HeadIndex(Node<K,V> node, Index<K,V> down, Index<K,V> right, int level) {
31. super(node, down, right);
32. this.level = level;
33}
34. }
35 ceuene
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B

[java] view plain copy

1
2

3.
.

4

. //Returns the value to which the specified key is mapped, or null if this map contains no mapping for the key.
. public V get(Object key) {
return doGet(key);

[java] view plain copy =

1
2
3.
4
5

6
7
8.
9
10.
11.

12.
13.

14

. private V doGet(Object okey) {

Comparable<? super K> key = comparable(okey);

// Loop needed here and elsewhere in case value field goes null just as it is about to be returned, in which case we
// lost a race with a deletion, so must retry.

- [/ RERBEAOTHARERGIET R, AT PILRERGFEBEROSIET R, — BRI, RRE

e
for (55) {
Node<K,V> n = findNode(key);/ /iR key BTk EIET &=
if (n == null)
return null;
Object v = n.value;
if (v != null)
return (V)v;
¥
3

[java] view plain copy =

S I R R T = T < T e T
W MR OOV OO~ ®N RO

24.
25.
26.

27

28.
29.
30.
31.

© PN OGP R

. /**Returns node holding key or null if no such, clearing out any deleted nodes seen along the way.
Repeatedly traverses at base-level looking for key starting at predecessor returned from findPredecessor,
processing base-level deletions as encountered. Some callers rely on this side-effect of clearing deleted nodes.
* Restarts occur, at traversal step centered on node n, if:

* (1) After reading n's next field, n is no longer assumed predecessor b's current successor, which means that
*  we don't have a consistent 3-node snapshot and so cannot unlink any subsequent deleted nodes encountered.

* (2) n's value field is null, indicating n is deleted, in which case we help out an ongoing structural deletion
*  before retrying. Even though there are cases where such unlinking doesn't require restart, they aren't sorted out
. *  here because doing so would not usually outweigh cost of restarting.

. * (3)nis a marker or n's predecessor's value field is null, indicating (among other possibilities) that

. *  findPredecessor returned a deleted node. We can't unlink the node because we don't know its predecessor, so rely
. *  on another call to findPredecessor to notice and return some earlier predecessor, which it will do. This check is

. *  only strictly needed at beginning of loop, (and the b.value check isn't strictly needed at all) but is done

. *  each iteration to help avoid contention with other threads by callers that will fail to be able to change

. *  links, and so will retry anyway.

. * The traversal loops in doPut, doRemove, and findNear all include the same three kinds of checks. And specialized
. *versions appear in findFirst, and findLast and their variants. They can't easily share code because each uses the
. *reads of fields held in locals occurring in the orders they were performed.
*
* @param key the key
* @return node holding key, or null if no such
*/
. private Node<K,V> findNode(Comparable<? super K> key) {
for (;;) {
Node<K,V> b = findPredecessor(key);/ /iR {Ekey =T BTIRBIET =
Node<K,V> n = b.next;
for (;5) {
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32. if (n == null)

33. return null;

34. Node<K,V> f = n.next;

35. //1. bESELRT RPIKERERA— , R
36. if (n != b.next) // inconsistent read
37. break;

38. Object v = n.value;

[jJava] view plain copy =

Lo //20 BUET RAMEAnull , ROREZEIET RAMC AR |, BERZEUET RFER.
2. if (v ==null) { // nis deleted
3. n.helpDelete(b, f);
4. break;
5  }
6.  //3. biR#snc AR R
7. if (v ==n || b.value == null) // b is deleted
8. break;
0. int ¢ = key.compareTo(n.key);
10.  if(c==0)//FEFN&RME
11. return n;
12.  if(c<0)//#BEkey/ NTFYRTAILL , RIEAE
13. return null;
14.  b=n;//BRREETR
15. n = f;
16. }
17.}

[java] view plain copy

1. /**Returns a base-level node with key strictly less than given key, or the base-level header if there is no such node.

2. Also unlinks indexes to deleted nodes found along the way. Callers rely on this side-
effect of clearing indices to deleted nodes.
3. * @param key the key
4. * @return a predecessor of key  */
5. //RE“INF HREFRS Ekey FIBIET R, MRAFAEXFEREIET Rt BIRREKANNZRS] K.
6. private Node<K,V> findPredecessor(Comparable<? super K> key) {
7. if (key == null)
8. throw new NullPointerException(); // don't postpone errors
9. for(;){
10. Index<K,V> q = head;// \TREZ 3| FFaE Tk
11. Index<K,V> r = q.right;

12. for (;;) {

13. if (r !=null) {

14. Node<K,V> n = r.node;

15. Kk = n.key;

16. if (n.value == null) {//%FET mEE Anull, R ZEHET SAmc SRR |, ¥rFEEFER
17. if (!q.unlink(r))

18. break; // restart

19. r = q.right; // reread r

20. continue;

21. }

22, if (key.compareTo(k) > 0) {//44Ekey KT Y hikey , KEATEETK
23. q=r;

24. r = r.right;

25. continue;

26. }

27. ¥

28. [/PATEX BB FFEDN :
29. //1. HEERAERS|I EIREER
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30. //2. % Ekey/ NTET LTkey

31. Index<K,V> d = q.down;//1E F—2&FZES| AT

32. if (d != null) {//AREFEEREKHINES| , ERREANNERS| PAREEIX

33 q=d;

34. r = d.right;

35. } else

36. return q.node;/ /AR YFIELERMEKANNRS] , BETRS | R RERAIEIET B0 R fTsK
37.  }

38. }

39.}

A

[java] view plain copy =

1. /**

2.

* Associates the specified value with the specified key in this map.

. * If the map previously contained a mapping for the key, the old value is replaced.

*

* @param key key with which the specified value is to be associated
* @param value value to be associated with the specified key

* @return the previous value associated with the specified key, or

* <tt>null</tt> if there was no mapping for the key

. * @throws ClassCastException if the specified key cannot be compared
¥ with the keys currently in the map
. * @throws NullPointerException if the specified key or value is null

¥/

13. public V put(K key, V value) {

14.
15.
16.
17.

if (value == null)
throw new NullPointerException();
return doPut(key, value, false);

}

[java] view plain copy =

1.
2.

3.
4.
5.
6.
7.
8.
9

10.
11.
12.
13.
14.
15.
16.

17.

18.

19.
20.
21.
22,
23.
24.

25.

/**

* Main insertion method. Adds element if not present, or replaces value if present and onlyIfAbsent is false.

* @param kkey the key
* @param value the value that must be associated with key
* @param onlyIfAbsent if should not insert if already present
* @return the old value, or null if newly inserted
¥/
private V doPut(K kkey, V value, boolean onlyIfAbsent) {
Comparable<? super K> key = comparable(kkey);
for (55) {
Node<K,V> b = findPredecessor(key);//ZH B IR EHET =
Node<K,V> n = b.next;
for (;;) {
if (n !=null) {
Node<K,V> f = n.next;
//1. bEESBNRIERA—E , EiX
if (n != b.next) // inconsistent read
break;
Object v = n.value;
//2. BHET RAMEAnulL RINZEIET SARC AR MR | BEREEUET RIFER.
if (v ==null) { // nis deleted
n.helpDelete(b, );
break;
¥
//3. b m#EARc AR , B
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26. if (v ==n || b.value == null) // b is deleted

27. break;

28. int ¢ = key.compareTo(n.key);

29. if (¢ > 0) {//#AEkey KT HUA/TA L , RELFHAEHHEA =
30. b=n;

31. n=f;

32. continue;

33 ¥

34 if (c == 0) {//#%%I

35. if (onlyIfAbsent || n.casValue(v, value))

36. return (V)v;

37. else

38. break; // restart if lost race to replace value
39. ¥

40. // else ¢ < o; fall through

41. ¥

42. [EBIRE , FERBIET R

43. Node<K,V> z = new Node<K,V>(kkey, value, n);
44. if ('b.casNext(n, z))

45. break; // restart if lost race to append to b
46. int level = randomLevel();//FEHHK &S| 5]

47. if (level > 0)

48. insertIndex(z, level);

49. return null;

50.  }

51}

52.}

[java] view plain copy

1‘ /**

2. * Creates and adds index nodes for the given node.

3. * @param z the node

4. * @param level the level of the index

5. %/

6. private void insertIndex(Node<K,V> z, int level) {

7.  HeadIndex<K,V> h = head;

8. int max = h.level;

9. if (level <= max) {//ZR5IKANEEHFE , ELANRSIEANARIRER S| KA _EEF LT RKZS|

10. Index<K,V> idx = null;

11. for (inti = 1;1 <= level; ++i)// B H&BFE|— MBS 1~level N &S| KA down KR AIEER , TRAMInC IR S level
#sl

12. idx = new Index<K,V>(z, idx, null);

13. addIndex(idx, h, level);//Adds given index nodes from given level down to 1. F1EZ& 3|

14. }else{// Add a new level FIEET|KF

15. /* To reduce interference by other threads checking for empty levels in tryReduceLevel, new levels are added
16. * with initialized right pointers. Which in turn requires keeping levels in an array to access them while
17. * creating new head index nodes from the opposite direction. */

18. level = max + 1;

19. Index<K,V>[] idxs = (Index<K,V>[])new Index[level+1];

20. Index<K,V> idx = null;

21. for (inti = 1;1 <= level; ++1)

22, idxs[i] = idx = new Index<K,V>(z, idx, null);

23. HeadIndex<K,V> oldh;

24. int k;

25. for (55) {

26. oldh = head;

27. int oldLevel = oldh.level;//% #head

28. if (level <= oldLevel) { // lost race to add level

29. k = level;
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30. break;
3L ¥
32. HeadIndex<K,V> newh = oldh;
33. Node<K,V> oldbase = oldh.node;
34. for (int j = oldLevel+1; j <= level; ++j)
35. newh = new HeadIndex<K,V>(oldbase, newh, idxs[j], j);
36. if (casHead(oldh, newh)) {
37. k = oldLevel;
38. break;
39. ¥
40.  }
41. addIndex(idxs[k], oldh, k);
42. }
43.}
2% .
JDK 1.7]85%
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