— 00 +00
—00 17 +00
—00 17 25 99 [—+0o0
—00 17 2531 99 [—+0o0
—oco— 1217 25— 31138 44 99— +00
—oco 1217202531 38— 3944 50— 55— 400




Skip List

class Node {
public Object element;
public Node before, after, below, above;

public int key;

public static Node
insertAfterAbove (Node before, Node below, int k, Object e) {
final Node n = new Node ();

element = e; key = k;

below;
null;

n.before = before; n.below

n.after = before.after; n.above

assert (blow.above==null);

below.above = n; before.after = n;



Skip Search

// search for largest node with key <= k
while (p.below != null) {

p = p.below; // drop down

while (key(p.after) <= k) {

p = a.after; // scan forward



Skip Search; Looking for k=50

— 00 +00

—00 17 +0

—00 17 25 99 [— +00

—00 17 20— 31 99 [— +00

—oco— 1217 25— 31138 44 95 [—+00

—oo 1217202531 38394450 — 55— 400
(p.below != null) drop down




Skip Search; Looking for k=50

— 00 +00
—00 17 +0
—00 17 25 99 [— +00
—00 17 20— 31 99 [— +00
—oo 1217 25— 31138 44 95 [—+00
—oo 1217202531 38394450 — 55— 400

(key (p.

after) <= k)

scan forward




Skip Search; Looking for k=50

— 00 +00
—00 17 +0
—00 17 25 99 [— +00
—00 17 20— 31 99 [— +00
—oo 1217 25— 31138 44 95 [—+00
—oo 1217202531 38394450 — 55— 400

(key(p.after) > k)

stop forward scan




Skip Search; Looking for k=50

— 00 +00
—00 17 +0
—00 17 25 99 [— +00
—00 17 20— 31 99 [— +00
—oo 1217 25— 31138 44 95 [—+00
—oo 1217202531 38394450 — 55— 400

(p.below != null) drop down




Skip Search; Looking for k=50

— 00 +00
—00 17 +0
—00 17 25 99 [— +00
—00 17 20— 31 99 [— +00
—oo 1217 25— 31138 44 95 [—+00
—oo 1217202531 38394450 — 55— 400

(key (p.

after) <= k)

forward scan




Skip Search; Looking for k=50

— 00 +00
—00 17 +0
—00 17 25 99 [— +00
—00 17 20— 31 99 [— +00
—oo 1217 25— 31138 44 95 [—+00
—oo 1217202531 38394450 — 55— 400

(key (p.after) > k)

stop forward scan




Skip Search; Looking for k=50

— 00 +00

—00 17 +0

—00 17 25 99 [— +00

—00 17 20— 31 99 [— +00

—oco— 1217 25— 31138 44 95 [—+00

—oo 1217202531 38394450 — 55— 400
(p.below != null) drop down

10




Skip Search; Looking for k=50

— 00 +00
—00 17 +0
—00 17 25 99 [— +00
—00 17 20— 31 99 [— +00
—oo 1217 25— 31138 44 95 [—+00
—oo 1217202531 38394450 — 55— 400

(key (p.

after) <= k)

11

forward scan




Skip Search; Looking for k=50

— 00 +00
—00 17 +0
—00 17 25 99 [— +00
—00 17 20— 31 99 [— +00
—oo 1217 25— 31138 44 95 [—+00
—oo 1217202531 38394450 — 55— 400

(key(p.after) > k)

12

stop forward scan




Skip Search; Looking for k=50

— 00 +00

—00 17 +0

—00 17 25 99 [— +00

—00 17 20— 31 99 [— +00

—oco— 1217 25— 31138 44 95 [—+00

—oo 1217202531 38394450 — 55— 400
(p.below != null) drop down

13




Skip Search; Looking for k=50

— 00 +00
—00 17 +0
—00 17 25 99 [— +00
—00 17 20— 31 99 [— +00
—oo 1217 25— 3138 44 95 [—+00
—oo 1217202531 38394450 — 55— 400

(key (p.

after) <= k)

14

forward scan




Skip Search; Looking for k=50

— 00 +00
—00 17 +0
—00 17 25 99 [— +00
—00 17 20— 31 99 [— +00
—oo 1217 25— 3138 44 95 [—+00
—oo 1217202531 38394450 — 55— 400

(key (p.

after) <= k)

15

forward scan




Skip Search; Looking for k=50

— 00 +00
—00 17 +0
—00 17 25 99 [— +00
—00 17 20— 31 99 [— +00
—oo 1217 25— 3138 44 95 [—+00
—oo 1217202531 38394450 — 55— 400

(key(p.after) > k)

16

stop forward scan




Skip Search; Looking for k=50

— 00 +00

—00 17 +0

—00 17 25 99 [— +00

—00 17 20— 31 99 [— +00

—oco— 1217 25— 3138 44 95 [—+00

—oo 1217202531 38394450 — 55— 400
(p.below != null) drop down

17




Skip Search; Looking for k=50

— 00 +00
—00 17 +0
—00 17 25 99 [— +00
—00 17 20— 31 99 [— +00
—oo 1217 25— 3138 44 95 [—+00
—oo 1217202531 383944+ 50— 55— 400

(key (p.

after) <= k)

18

forward scan




Skip Search; Looking for k=50

— 00 +00
—00 17 +0
—00 17 25 99 [— +00
—00 17 20— 31 99 [— +00
—oo 1217 25— 3138 44 95 [—+00
—oo 1217202531 383944+ 50— 55— 400

(key(p.after) > k)

19

stop forward scan




Skip Search; Looking for k=50

— 00 +00

—00 17 +0

—00 17 25 95 [—+00

—00 17 20— 31 95 [—+00

—oo— 12— 17 25 —31 38 44 95 [—+00

—oo 1217202531 383944 — 50— 55— +0o0
(p.below == null) found it

20




Skip Insert

p = SkipSearch (k);

q = insertAfterAbove (p, null, k, e);

while (random.nextBoolean()) {
while (p.above==null) p = p.before; // scan backward
p = p.above; // jump up
q = insertAfterAbove (p,q,k,e);

¥

21



— 00 +00
—00 17 +00
—00 17 25 95 [—+00
—00 17 2031 95 [—+00
—oo 1217 253138 44 55 [— +00
—oo 1217202531 3839 44150 55 400

22




— 00 +00
—00 17 +00
—00 17 25 95 [—+00
—00 17 2031 95 [—+00
—oo 1217 253138 44 55 [— +00
—oo 1217202531 3839 44150 55 400

23




— 00 +00
—00 17 +00
—00 17 25 99 [—+00
—00 17 2031 99 [—+00
—oo 1217 2531138 44 95 [—{+0o0
—oo 1217202531 HM3839—42— 445055 +o0

24




— 00 +00
—00 17 +00
—00 17 25 99 [—+00
—00 17 2031 99 [—+00
—oo 1217 2531138 44 95 [—{+0o0
—oo 121720253138 39—42— 445055 +0o0

25




— 00 +00
—00 17 +00
—00 17 25 99 [—+00
—00 17 2031 99 [—+00
—oo 1217 2531138 44 95 [—{+0o0
—o0o 1217202531 HM38F39—42/— 445055 +0o0

26




— 00 +00
—00 17 +00
—00 17 25 99 [—+00
—00 17 2031 99 [—+00
—oo 1217 2531138 42— 44 95 [—{+0o0
—o0o 1217202531 HM38F39—42/— 445055 +0o0

27




— 00 +00
—00 17 +00
—00 17 25 99 [—+00
—00 17 2031 99 [—+00
—oo 1217 253138 42— 44 95 [—{+0o0
—o0o 1217202531 HM38F39—42/— 445055 +0o0

28




— 00 +00
—00 17 +00
—00 17 25 99 [—+00
—00 17 2031 99 [—+00
—oo 1217 2531138 42— 44 95 [—{+0o0
—o0o 1217202531 HM38F39—42/— 445055 +0o0

29




— 00 +00
—00 17 +00
—00 17 25 99 [—+00
—00 17 25— 31 42 95 [—{+0o0
—oo 12117 2031 HM38 42— 44 99 [—+00
—0o 1217202531 383942 — 445055 +0o0

30




