Advanced Linear Linked Lists

sts & Self-Organizing Lists



Advanced Linear Linked Lists

Why?
The Search operation on linked lists:
O(n) time
A Dbetter search operation?
How?

Skip lists
Self-organizing lists



SkKip (Linked) Lists -
domized/Probabilistic Data
Structure



Skip Lists

Problem:

Linked lists — The search operation requires O(n)
time!

Goal:

To improve the time complexity of the search
operation.

ldea:
Use a sorted list with some structural conditions.
Called a skip list!



A Sorted (Ordered) Linked List

A sorted linked list:
All nodes are sorted.

Example:

[ Pl 2] -] Hal {51 {6 ] 7] +-[e N
head
Search?
O(n) time (Sequential)
O(n) time (Binary)!




Skip Lists

Perfect skip lists
Randomized/Probabilistic skip lists



A Perfect Skip List

A sorted linked list + Additional links with the
following structural condition:



Structural Conditions

Every 2nd node connected.

Every 2nd element has 2 pointers.
Every 4th node connected

Every 4th element has 3 pointers.
Every 8th node connected

Every 8th element has 4 pointers.
And soon ...



Example

[P 2] s Hal 35T e[ -7 F~[e ]\

head 1
] -] HEEHH 4] +m§



Structural Conditions

Every 2'-th node has a link to the node 2!
ahead of It.

Every 2" node has a link to the node 2 ahead
of It.

Every 41 node has a link to the node 4 ahead
of It.

Every 81 node has a link to the node 8 ahead
of It
And soon ...



Pointers in A Perfect Skip List

Level-0 pointers:

Original pointers
Level-1 pointers:

Pointers that connect every 2-nd nodes.
Level-2 pointers:

Pointers that connect every 22-th nodes.
L_evel-3 pointers:

Pointers that connect every 23-th nodes.
L_evel-I pointers:

Pointers that connect every 2!-th nodes.



Levels in A Perfect Skip List

The level of a node Is the number of pointers in the
node.

A level-i node has (i+1) pointers!

The header node points to the first node of each
level!

What iIs the highest (maximum) level of a skip list
of N nodes?

The header points to the middle node and the middle
node points to NULL.

O(log N) levels!



Example: A Perfect Skip List

. head

p—

! 3 4 5 46

T 8 9 1011 213 N

15

16



Quiz: A Perfect Skip List

Construct by inserting 19, 8, 12,5, 17,9 and 7
Into an empty perfect skip list.



Search in A Perfect Skip List

A non-sequential search like a binary search
IS possible!!!
Start at the highest link (level) at the header;
Traverse along this level,

If the next node is larger or NULL then go to
the next lower level and continue the strategy;

Stop at level O;
The worst-case time for search IS
O(log n) time



Example: A Perfect Skip List

Search

. head

p—

2

3 4 5 4

7

§ 9 10 11 12 13 14

15

16



Insert & Delete with A Perfect
Skip List

The insertion and deletion operations can be
very inefficient!

Need restructuring!

O(n) time
This expense Is too great, so maintaining a
perfectly balanced condition is not worth Iit.



A Good Skip List

We want a not-perfect-but-practically-good
skip list?
Relax the structuring condition!

Randomized Probabilistic
Data Structure

Makes some of its decision at random!



Observation

In a perfect skip list:

1/2 noc
1/4 noc

1/8 noo

esatt
esatt
esatt

ne level-0
ne level-1

ne level-2

1/16 nodes at the level-3
1/32 nodes at the level-4
And soon ...



ldea: A Good Skip List

|dea?
Try to keep

1/2 nodes at the level-0

1/4 nodes at the level-1

1/8 nodes at the level-2

1/16 nodes at the level-3
1/32 nodes at the level-4
Andsoon...

How?
Determine a level randomly with probability.




Example: A Good Skip List

. head

giEg [ H T 13— [5

INESEEREE H T+ THTH
7

1 2 3 4 5 6 g 9 10 11 12 13 14 15 16

1§
[+%

Eﬂﬁﬁﬂ_}[ﬁﬁﬁﬁﬁﬁﬁﬂ—}[ﬁﬁg

1 2 3 4 5§ 4 7 8 9 W 11 12 13 14 15 16



Quiz: A Probabilistic Skip List

Construct by inserting 19, 8, 12,5, 17,9 and 7
Into an empty probabilistic skip list.



Example: A Probabilistic Skip List
Search

. head

H{THTH H G+ THTH [T FH BT T3 5

1 2 3 4 § 6 T & 2 W 11 12 13 14 15 16



Search in A Good Skip List

Not perfect anymore, but we can still skip
large distances and so the performance is still

good.

Worst case:
O(n) time
Average case:

O(log n) time



Insert & Deletf_ir% A Good Skip
IS

Insert:
Find the insertion point using search,

Keep track of each pointer where we switch to
a lower level,

Determine the level randomly with

probabi | Ity for the new node;

Splice the new node into the list;

Delete:
Delete the new node from the list;



Insert & DeIetE_ir% A Good Skip
IS

Worst case:
O(n) time

Average case:
O(log n) time



elf-Organizing (Linked) Lists

27



Self-Organizing Lists

Problem:
Linked lists — Linear search O(n)

Goal:

To improve the average time complexity of
the search operation.



Self-Organizing Lists

Another ldea:

By dynamically organizing (restructuring or
adjusting) the list in a certain manner.

Heuristics!



Self-Organizing Methods

Move-to-front method
Move It to the beginning of the list.
ABCD
D
DABC

ABD
C
ABDC



Self-Organizing Methods

Transpose method
Swap It with its predecessor.
ABCD
D
ABDC

ABD
C
ABDC



Self-Organizing Methods

Count method
Order the list by the number of times accessed.
A3 Bl C1 D1
D
A3 D2 B1C1

A3 B1 D1
C
A3 B1D1C1



Self-Organizing Methods

Ordering method
Order the list using certain criteria.
ABCD
D
ABCD

ABD
C
ABCD



Example: Self-Organizing Lists

AccessA,C,B,C,D,A,D,A,C,ACCE
and E.

Plain

Move-to-front method

Transpose method

Count method

(Alphabetical) Ordering method



Example: Self-Organizing Lists

Access A,C,B,C,D,A,D,AC,ACC,E
and E.

Plain ACBDE

Move-to-front method ECADB

Transpose method CADEB

Count method CAEDB

(Alphabetical) Ordering method ABCDE



