Lecture 2

Part H

Doubly-Linked Lists -
Intuitive Introduction



Doubly-Linked Lists (DLL): Visual Introduction 4,

gﬂt&

- A chain of bi-directionally connected nodes
- Each| node|contains:

+ reference to a data object

+ reference to the next node

+ reference to }he previous node Fr& tef

- A DLL is also aS_LLO\g_ 14 VQ‘AZM% ;
h@db{ g(-&:o. 'b/i[w

+ many methods implemented the same way

+ some method implemented more efficiently

- Accessing a node in a list:
+ Relative positioning: O(n)
+ Absolute indexing: O(1) _ tuey. .
- The chain may grow or shrink dynamically.
- Dedicated Header vs. Trailer Nodes
(no head refeference and no tail reference)
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Lecture 2
Part I

Doubly-Linked Lists -
Java Implementation: Generic Lists

Initializing a List



Generic DLL in Java: DoublyLinkedList vs. Node

public class DoublyLinkedList<j> @Test
private int size = 0; public void test_String_DLL_Empty_List() {
public veid addFirst(E e) { ... DoublylLinkedList<String> list = new DoublylLinkedList<>();
public wold Femovelast I o ;s assertTrue(list.getSize() == 0);

ublic void addAt(int i, E e) : .
irivate Node<E> header; assertTrue(list.getFirst() == null);

private Node<E> (RIS assertTrue(list.getLast() == null);

public DoublyLinkedList()J{ v ‘/ -
ﬁheader = new Node<> (null, null,ynull) ;/

trailer = new Node<> (nu l, null) ;
[y ?

eader.setNext (trailer);

public class Node<E> ({ 0
private E element; ! ‘A
private Node<E> next; ¢

public E getElement() { returnfelement; } Node<String> Node<String>
. . /. = e;
public void setElement (E e) J ‘element e; 1} element element -

public Node<E> getNext () {(return pext; } !
public void setNext (Node<E>Vn) { } next next :
private Node<E> prev; " ° prev P prev

public Node<E> getPrev() {freturn prev; }

public wvoid setPrev(Node<E;>7p) { prev = p; }

public Node(E_e, Node<E Node<E>_) {
element = ¥; "
previ=)p; . Node<$+ﬁngl
, BERE S B WOI- C{')Jexff == t{k(w element
next
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Lecture 2

Part ]

Doubly-Linked Lists -
Java Implementation: Generic Lists

Operations on a List



Generic DLL in Java: Inserting between Nodes
element]

void addBetween (E e, Node<E> ‘pred, Node<E> (succ) {
\/Node<E> newNode = new Node<> (&Y é

—

pred.setNext (newNode) ;

/ succ.setPrev(newNode) ;
Bz =t

Assumption: pred and succ are directly connected.
SUCC

— - oo piMOLKO
S [ = emen] —
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@ Node<E>

element
" wddle iex’r




Node<Sfrin9=

element

Generic DLL in Java: Inserting to the Front/End .

prev

@Test

public void test_String_DLL_Insert_Front_End() {
DoublylLinkedList<String> list = new DoublylLinkedList<>();

\/ list.addFirst("Mark");

list.addFirst("Alan™);

void addFirst(E e) sy
addBetween (e, header, header.getNext ())

}

void addLast (E e) {
addBetween (e, traile

.getPrev(), trailer)

assertTrue(list.getSize() == 2);
assertEquals("Alan", list.getFirst().getElement());
assertEquals("Mark", list.getFirst().getNext().getElement());

}

DLL<String>
list = new DoublyLinkedList<(); _ size % X2
list.addLast("Mark"); EW P — header]
list.addLast("Alan"); Wé trail —
gac dsy railer

assertTrue(list.getSize() == 2);
assertEquals("Alan", list.getlLast().getElement());
assertEquals("Mark", lipsa.getLast().getPr‘ev().getElement())

s
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“J‘\\ &~ prev = pre\,ﬁ - prev & // L prev i




Node<String>

Generic DLL in Java: Inserting to the Middle e
0

prev

@Test

public void test_String_DLL_addAt() {
DoublylLinkedList<String> list = new DoublylLinkedList<>();
list.addAt{(@,)-"Alan™);

list.addAt(1, "Tom™); ’Gacge:

list.addAt(1, "Mark™"); & ,ﬁﬂ{ﬁ—
assertTrue(list.getSize() == 3);
assertEquals("Alan", list.getFirst().getElement());

assertEquals("Mark", list.getFirst().getNext().getElement());
assertEquals("Tom", list.getFirst().getNext().getNext().getElement());

if (i < 0 || 1 > size) {
throw new IllegalArgumentException
else { . ) |
Node<E> pred =)getNodeAt(i — 1);
S—
Node<E> succ # pred.getNext() ;

addBetween (¢, pred, succ);

}
}

Notes. DLL<String>

+ getNodeAt(-1) returns the header size 0_|

- header!
+ getNodeAt(size) rev’%rr;s the frailerj trailer | —1
8
Node<String>| }M“ "Abﬂ”
element] = w
element] =

next ]
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Generic DLL in Java: Removing_a Node

void remove (Node<E> néde) {

+9INode<E> pred‘'= node.getPrev();

A Node<E> succ = node.getNext () ;
pred.setNext (succ) ;
succ.setPrev(pred

) ;
@ uede. setNext (null) ;
)

(
(
(
Q;MOde.setPrev(null
Silimey ==

}
. o - 7 el
Assumption: node exists in some DLL. UL f‘m

7 at \/
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Generic DLL in Java: Removing_from the Front/End

@Test
public void test_String_DLL_Remove_Front_End() {
DoublyLinkedList<String> list = new DoublylLinkedList<>Q);
list.addFirst("Mark™);
list.addFirst("Alan"); void removeFirst() { v

list.removeFirst(Q); if (size == 0) { throw pew IllegalArgumentException("Empty"); 1}

list.removeFirstQ); .
2 else remove (header.getNext
assertTrue(list.getSize() == 0); y { f ( Q)i

list = new DoublylLinkedlList<>();
list.addFirst("Mark");
list.addFirst("Alan");
list.removelast();
list.removelLast(Q);
assertTrue(list.getSize() == 0);

void removeLast () {
if (size == 0) { throw new IllegalArgumentException("Empty"); }
else { renfve (trailer.getPrev()); }

)
: ML Sl 24t

header
Node<E> [/ Node<E> \l| Mark Node<E> null
element element] ——
null next vid|[ Lnext A :‘null
L~ prey ¥ rev trailer
header
— 3 Node<t> null Node<E> Alan Node<E> Mar Jode<E> null
element] ~— A element] ~— element] ~— %elemenf —
null next A next Z next 4 next 7 null
~ previfee 1 previin._ previne._ -t prev e trailer




@Test

assertTrue(list.getSize() ==
list.removeAt(0);
assertTrue(list.getSize() ==

public void test_String_DLL_removeAt() {

DoublyLinkedList<String> list = new DoublylLinkedList<>();
list.addFirst("Mark™);
list.addFirst("Alan");
list.addFirst("Tom");
assertTrue(list.getSize() ==

3);

13

removeAt
if (i < 0

{

i >= size) {

throw new IllegalArgumé¢ntExce
else {

Node<E> node =
remove (node) ;

Node<E> «

element

next

header
—3" Node<t> | null Node<E>
element] ~— A element] ~
null next 7 next 74
S——-= previem 1 prev

=

Node<E> Mark Node<E> null
element] ~— element] ~—— A 3
next A next 7 null
F previjme _F prev trailer
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Doubly-Linked Lists -
Comparing Arrays, SLL, and DLL



DATA STRUCTURE

OPERATION

size

first/last element

element at index i

remove last element

add/remove first element, add last element

given reference to (i — 1) element
not given

mark
(Node

“Alan” element

add/remove i element

list alan
Gglyunked List (Node
head

element

next next

header
— N Node<E> )null Node<E> Alan Node<E> )Mark Node<E> )Tom Node<E> null
element] ~— element] —— A element] —_— element] element] ~—— %
null next 7] next 7 next 1 next A next A gnull
~ ) previi A+ previee L previ;e L 0] S g prev trailer
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Modularity, Abstract Data Types (ADTs) -
Definition & Terminology



o
Supplier vs. Client in OOP 4‘%6 oy

class Microwave {
private boolean on;
private boolean locked;
void power() {on = true;} "Microwave| m = new Microwave () ; A[IA//
void lock() {locked = true;} Object obj = | 2?2?72 |; blt&f ¢

lass | MicrowaveUser
public static void main(...) {

void heat(Object stuff) ({ m. power () ; m.lock();] le? te
/* Assume: on && locked */ - mbjﬂ\; &’M
/* stuff not explosive. x/ — %M n
4 ity »
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o e chent 00

Bl gt

4o MY )
et +o Moples wethd )
chet 4 %W.r/y n oty to €




Modularity: Childhood Activities




Modularity: Daily Constructions
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Modularity: Computer Architectures

Reset/WDT
Control

Serial
Port

Power Supply —»

16-Bit
Address Bus

8-Bit
Data Bus

Control
Lines

Rear Fan DIMM DDR2
Connector Memory Slots (x2)

CPU Fan CPU Socket
Connector (LGAT775)
4-pin X
ATX Connector
g

1/0 Panel
Connectors

Integrated Ethernet
chip
PCI Express x16
Slot
PCI Express x1
Slot

SuperlO

Chip  24-pin ATX
Power Connector
Floppy Connector
IDE Connector (x1)
Chasis Fan
Connector

SATA
Connectors (x4)

Panel Header
USB Headers
Southbridge
(without heatsink)
Northbridge Chipset
CMOS Battery
PCI Slots (x2)
Front Audio
Header

Integrated HD-Audio
codec chip




Modularity: System Developments

(* DECLARATION )

| LIMITS_
| ALARM

FUNCTION_BLOCK LIMITS_ALARM
VAR_INPUT

H : REAL; (* High limit *)
X : REAL; (* Variable value H-(EPSI2)
L : REAL; (* Lower limit H-EPS
EPS : REAL; (* Hysteresis

END_VAR
VAR_OUTPUT
QH : BOOL; (% High flag

Q : BOOL; (* Alarm output =x)

QL : BOOL; (* Low flag
END_VAR
END_FUNCTION_BLOCK

NC(No change)

L+EP:

*)

L+(EPS/2)
L

QH=0(FASLE)
QL=0(FALSE)!

/ NC(No change)

*)

QL=1(TRUE)

» TIME

(* Function block body in FBD language =

____________________ e
+o-—t w2

HIGH_ALARM

| HYSTERESIS
| XIN1

| XIN2

HYSTERESIS
XIN1

XIN2




Modularity:

*

ITERABLE [G]

sorted-maps

new_cursor®

SORTED _MAP_ADT [K, V]*

feature -- model
model: FUN[K, V]
sorted_keys: ARRAY [K]

feature -- commands
extend (key: K; val: V)
require —has (key)

remove (key: K)
require has (key)

feature -- queries
item(key:K): V
has (key: K): BOOLEAN

invariant
Vi € [1, model.count):
sorted_keys[i] < sorted_keys[i+1]

sorted_keys.count = model.count

Yk € model.domain : k € sorted_keys

.

+
SORTED_MODEL_MAP [K, V]

after*: BOOLEAN

new_cursor+
SORTED_MAP_

CURSOR [K, V

*

SORTED_MAP_

DESIGN [K, V]

v
SORTED_RBT
MAP [K, V]

implementation

¥
SORTED_LINEAR _
MAP [K, V]

implementation

implementation

sorted-collections
P [ V4

SORTED ADT [K, V]*

feature -- model
model: SEQ [KV_PAIR[K,V]]

feature -- commands
extend (a_item: TUPLE [key: K; value: V])

require —has (a_item.key)

remove (a_key: K)
require has (a_key)

feature -- queries
item alias "[]" (a_key: K): V
require has (a_key)

as_array: ARRAY[KV_PAIR[K,V]]

invariant
Vi € [1, model.count):

model[i].key < model[i+1].key
.
Vi € [1, model.count]: ﬂbM
J

as_array[i] ~ model[i]

SORTED

SORTED_ e
TREE [K, V]

LINEAR [K; V]

implementation




2 I G s 3. Vs
y Interface
Data add()

Structure remove()
find()

class Microwave {

private boolean on;
private boolean Iocked;
void power() {on = true;} Microwave m = new Microwave();
void lock () {locked = true;} Object obj = ;
void heat (Object stuff) { m.power(); m.lock();]

/+ Assume: on && locked x/ m. heat (ob7j);

/* stuff not explosive. */ -
o}

class MicrowaveUser
public static void main(...) {

benefits obligations
CLIENT obtain a service follow instructions
SUPPLIER || assume instructions followed | provide a service




Java API & Abstract Data Types

set(int index, E element)
Replaces the element at the specified position in this list with the specified element (optional
operation).

E set(int index,
E element)

(Replaces the element at the specified position in this list with the specified element (optional operation).)

Parameters:

index - index of the element to replace
element - element to be stored at the specified position

Returns:

the element previously at the specified position

(Interface LISt<E>) Throws:

UnsupportedOperationException - if the set operation is not supported by this list

ClassCastException - if the class of the specified element prevents it from being added to this list

‘E - the type of elements in this list] NullPointerException - if the specified element is null and this list does not permit null elements

IllegalArgumentException - if some property of the specified element prevents it from being added to this list
All Superinterfaces: ga’ro P property p p g

Collection<E>, Iterable<E>

(IndexOutOfBuundsException - if the index is out of range (index < @ || index >= size()))

All Known Implementing Classes:

AbstractList, AbstractSequentiallList, ArrayList, AttributeList, CopyOnWriteArrayList, LinkedList, RolelList,
RoleUnresolvedList, Stack, Vector

public interface List<E>
extends Collection<E>

‘An ordered collection (also known as a sequence).’l he user of this interface has precise control over where in the list each element is
inserted. The user can access elements by their integer index (position in the list), and search for elements in the list.




