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Array Definition

o An arrayis a sequenced coIIectlon of
variables all of the same type. Each , ... ...
variable, or cell, in an array has an index;,”
which uniquely refers to the value stored in
that cell. The cells of an array, A, are
numbered 0, 1, 2, and SO ON. — = ue'as

) Auu\_. Vs o [T aSAX)

o Each value stored in an array is often called
an element of that array.
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Array Length and Capacity

a Since the length of an array determines the
maximum number of things that can be stored in
the array, we will sometimes refer to the length of
an array as its capacity— ~

o InJava, the length of an array named a can be

o Yo rever o aCCESSEd USing the syntax a. Iength Thus, the cells
pre 1temmant Of QN array, g, are numbered 0, 1, 2, and so on, up
in-tne ""3? through alength—1, and the cell W|th index k& can

LR

~‘be accessed with syntax ag[4].

a LI T TR T TR0
012 k n

array A\ u‘A

© 2014 Goodrich, Tamassia, Goldwasser Arrays 3

Declaring Arrays (first way)

o The first way to create an array is to use an
assignment to a literal form when initially declaring the
array, using a syntax as:

14Pe
1 -
elementType|| arrayName = {initialValue, initialValue,, . . ., initialValuey_1};

¥4Pe A\ el Value M lexis

o The elementType can be any Java base type or class
name, and arrayName can be any valid Java identifier.
The initial values must be of the same type as the

array.
517149 |w
tx:intL3a =¢85, 45103,
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Declaring Arrays (second way)

o The second way to create an array is to use
the new operator.

= However, because an array is not an instance of a
class, we do not use a typical constructor. Instead
we use the syntax:

new elementType] length]

o /engthis a positive integer denoting the length
of the new array.

o The new operator returns a reference to the
new array, and typically this would be
assigned to an array variable.

© 2014 Goodrich, Tamassia, Goldwasser Arrays 5

Arrays of Characters or
Object References

a An array can store primitive elements, such as
characters.

S|IAIM|P|L|E
01 2 3 45

o An array can also store references to objects.
( 'Janet' ) ( 'Jonas' )

sString Ll a = vew ShringL3

'Virginia'

01 2 3 4 5
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Java Example: Game Entries

o A game entry stores the name of a player and her best score so far in a game

1 public class GameEntry {

2 private String name; // name of the person earning this score
3 private int score; // the score value

4 /** Constructs a game entry with given parameters.. */

5  public GameEntry(String n, int s) {

6 name = n; _

7

8

score = s;

}

9 /#x Returns the name field. */

10 public String getName() { return name; } — et s
11 /*x Returns the score field. */

12 public int getScore() { return score; } —» 3= e

13 /#* Returns a string representation of this entry. */

14 public String toString() {

15 return "(" + name + ", " + score + ")";
16 }
17 }
© 2014 Goodrich, Tamassia, Goldwasser Arrays 7

Java Example: Scoreboard

o Keep track of players and their best scores in an array, board
= The elements of board are objects of class GameEntry

= Array board is sorted by score

/*x Class for storing high scores in an array in nondecreasing order. */
public class Scoreboard {
private int numEntries = 0; — £~ // number of actual entries
private GameEntry[ ] board;

1
2
3
4 ~7 ]/ array of game entries (names & scores)
5 /*x Constructs an empty scoreboard with the given capacity for storing entries. x/

6 public Scoreboard(int capacity) {

7 board = new GameEntry[capacity];
8

... // more methods will go here voved = : £
36} O A I B I
2 O —_—>| s > s s S
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Adding an Entry_, « e

o To add an entry e into array board at index i, we
need to make room for it by shifting forward the
n —i entries board[i], ..., board[n 1 1]

board | | | I [ I T VTP 0 VTP T TV

012 i n
LYY Y YN
board | | | I 1T 1T T I AP VP11 TV 1T]
012 i n
board LI 1T 1 I 1 led PR PR PRIV
012 i n
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Java Example

9  /#x Attempt to add a new score to the collection (if it is high enough) */
10 public void add(GameEntry €) {
11 int newScore = e.getScore();
12 // is the new entry e really a high score?
13 if (numEntries < board.length || newScore > board[numEntries—1].getScore()) {
14 if (numEntries < board.length) // no score drops from the board
15 numEntries++; // so overall number increases
16 // shift any lower scores rightward to make room for the new entry
17 int j = numEntries — 1;
18 while (j > 0 && board[j—1].getScore() < newScore) {
19 board[j] = board[j—1]; // shift entry from j-1 to j
20 == // and decrement j
21
22 board[j] = e; // when done, add new entry
23 }
24}
© 2014 Goodrich, Tamassia, Goldwasser Arrays 10
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Removing an Entry

Qa

To remove the entry e at index i, we need to fill the hole
left by e by shifting backward the n —i — 1 elements
board[i + 1], ..., board[n 1 1] <

board [ | | [ | [ lel T 0V 00011V |

012 i n
Y Y Y Y
board | | I T I T TTTTVITTTTIT]
012 i n
board LLLIILTTITIITTTITTITTT]
012 i n
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Java Example

- Yemoue 3\s.Cudo W) elematdl o oo s @5
funckion ov delek
25  /*x Remove and returnﬁhe high score at index i. */
26 public GameEntry remove(int i) throws IndexOutOfBoundsException {
27, Jf (i < 0[] i>= numEntrieg) > @aieionstdat
28 * 7 oo throw new IndexOutOfBoundsException("Invalid index: " + i);
29 GameEntry temp = board[i]; // save the object to be removed
30 for (int j = i; j < numEntries — 1; j++) // count up from i (not down)
31 board[j] = board[j+1]; // move one cell to the left
32 board[numEntries —1 ] = null; // null out the old last score
33 numEntries——;
34 return temp; // return the removed object
35}
¥ 3-vevive
Y- Yvaverse
© 2014 Goodrich, Tamassia, Goldwasser Arrays 12
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Presentation for use with the textbook Data Structures and
Algorithms in Java, 6t edition, by M. T. Goodrich, R. Tamassia,
and M. H. Goldwasser, Wiley, 2014

Singly Linked Lists~
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Singly Linked Lists 13
g y rlmumﬂj node
a A singly linked list is a ot N R B R T
concrete data structure | next |
consisting of a sequence I O I e
of nodes, starting froma | l |
head pointer | |
o Each node stores . element node |
= element o data  \tem - pead
@ = link to the next node
C LinK Yol /
L= 1 e
l I l l Yokarn [nuy
I
A B C D
snly move forwhvde -
head. Jext Singly Linked Lists 14




Vectors 9/17/2016 5:37 PM

A Nested Node Class

1 public class SinglyLinkedList<E> {

R nested Node class ----------------

3 private static class Node<E> {

4 private E element; // reference to the element stored at this node
5 private Node<E> next; // reference to the subsequent node in the list
6 public Node(E e, Node<E> n) {

7 element = ¢;

8 next = n;

9
10 public E getElement() { return element; }
11 public Node<E> getNext() { return next; }

12 public void setNext(Node<E> n) { next = n; }
13} /) end of nested Node class ---------—-

.. rest of SinglyLinkedList class will follow ...
LN ple i 1) Y
ara RAEs ¢34 Tsian Al sl OAs
odd 3453 YemoUe o508 sie - Joasl

Singly Linked Lists 15

Accessor Methods o

saFpaintero o
iy e 88 LI-C]-
| public class SinglyLinkedList<E> { el Cos i
(nested Node class goes here) h-\ ,/M"
) ) - : ) aols wul Aot g5,
14 // instance variables of the(Singl ‘l;[‘ke\fl—'St v
15  private Node<E @ nuli; weie -// head node of the list (or null if empty)
2l asiulo 16 private Node<E>(taiD= null; // last node of the list (or null if empty)
17  private int size = 0; =i\ // number of nodes in the list

tsd¥ 8 public SinglyLinkedList() { }  "*% // constructs an initially empty list
element s\ 3o 19 // access methods

20 = public int size() { return size; }
21 | public boolean isEmpty() { return size == 0; }
22| public E first() { // returns (but does not remove) the first element
23 if (isEmpty()) return
24 return head.getElement(); 1
25
N\ eyl 26| public E last() { // returns (but does not remove) the last element
Yarive 27 if (isEmpty()) return null;
28 return tail.getElement(); — welvett) L 2ay
29 L} S5 ot elewent
PR RS WA IVt FaSTE W
* hementd 2o siass node . T8 O30 WITLIN
Singly Linked Lists 16
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Sas W 5y 6,5
oHave new  \{ EY o
e o3 § node point  [tx| M| e5—~{aTL] e5—={p0s] e &
S tolold head

(elenot ) s newest head
o N -@ Update \ /
3- o\ was(nede ) S
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e point to new ©

nOde_) WV U5 (head ) L
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.(node) s>\ acas aa\a l\

Inserting at the Ta|I

9 Allocate a new .\‘
*{ oo s owlan] ot o = <
< Insert new (Mode ) s
@ (an > B
element Mo newest .
o “‘i‘;‘;‘f’: Sheds 9
- Have new node w.-h_

point to null MsP| e——={ATL| "l—"BOS| +*@_7

Ha=(no de ) o

9 Have old last node tail newest
point to new node

@ Update tail to  [Mse| e—={ATc] e—~{0s] =I—_>|M|A| o>

point to new node ©

LL\al‘l ) AaS, o Lass

_;‘a\gc:bj. (node) 5=\ Wha 5L s Lal yslo Juss
- BaaaM (nede ) I LA
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Java Methods Eac I W

31
<32
33
34
35

<37
V4 38

39
40
41
42
43
44
45

public void addFlrst(E e) { // adds element e to the front of the list

head = new Node<>(e, head); // create and link a new node
if (size == 0)
tail = head; // special case: new node becomes tail also
size++;
}
— public void addLast(E e) { // adds element e to the end of the list
Node<E> newest = new Node<>(e,)null); // node will eventually be the tail
if (isEmpty()) “Dolash tail
head = newest; // special case: previously empty list
else
tail.setNext(newest); ¥ // new node after existing tail -
tail = newest; // new node becomes the tail arlelus iy,
L size++; Aels LS 1o 1, Vicad vail
} ose By \ Ve
}AI") h“l)
Singly Linked Lists 19

Node temf -y 4.

. [ERYY)
T oL tewPsehnent
“ oy - hex

» U'emP.ad.N“‘
'\t (temP. getelement == o)

zﬂode new Wode = new node

CY o temPonext)
size

vemPrnext = new node
bveak;
3

ink mig
Int mid =3i2¢ ¢))p ;
Node temP = head .

Yo¥ Cint ;i< mig

kemp "SekNext ¢ kew P. 3ol

‘vnexH

Node new vode = new Node
't , kemP.next) :

4 Removing at the Head

Node )
L \-+-'

S1Ze 4+

HKremP next =vew node

head
Update head \
to point to |LAx| °—|—>|MSP| o—f—>|ATL| o> B0s| e
next node in
the list T head

a-‘-(hud)_\\“*

B 52 N

garbage " Ko — e — o
collectorto  ~ (b)

reclaim the head

former first \
] o——efan] o——wfoos] =&
©

node — st iy
s oo memovy N\ U6 ¢ (nade)

. Q03¥ yuel\

Singly Linked Lists 20
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Java Method
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// special case as list is now empty

47 if (isEmpty()) return null;

48 E answer = head.getElement();

49 head = head.getNext();

50 size——;

51 if (size == 0)

52 tail = null;

53 return answer;

54

55}
Vo tishote Q30 5 62 Job

s\ ARpla Ao q- size I\ dues

2. Noded TGy Iy . Zevo Oye o
e tosiai g Wasin $ica Jolh %9 Nede P s e Lo & @55 \aso

Vail MNousa olilyg
3. O head 3 Oy L Yoy MUl wleciBgo

BUN Ga S8 pais hade Node -

Singly Linked Lists

46 public E removeFirst() { Rl // removes and returns the first element
// nothing to remove

// will become null if list had only one node

21

e gy =

not efficient!

Removing at the Tail . e

Removing at the tail of a singly linked list is

There is no constant-time way to update the
tail to point to the previous node

P R

LAX| e——» MSP

*— ATL

BOS

— O

head
ModeV s\ bie U335\ LeusS A5,53\0 © 3500
005t e em ) 38 W\ (node 3 A Lmi\g
Al 3L wh (Roimher) Gsls nede A

Yol
CIFERAY

Singly Linked Lists

tail

22
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Presentation for use with the textbook Data Structures and
Algorithms in Java, 6t edition, by M. T. Goodrich, R. Tamassia,
and M. H. Goldwasser, Wiley, 2014

Doubly Linked Lists

Aad 2 ol s 2 \WWK:
Pointey Prev © aduhe Sl

Next : dass LM uke Su'ls

/
© 2014 Goodrich, Tamassia, Goldwasser Doubly Linked Lists 23
o Adoubly linked list can be traversed ( (prey next) |
forward and backward | '\ /' |
o Nodes store: | — | 1| |
= element | | i
| |
. I!nk to the previous node l\ element node/,“
= link to the next node Y WS E S S S S S S 1
o Special trailer and header nodes u;’j.‘,‘\‘l"’ﬁ‘
header ! nodes/positions |  trailer
A\Nmm@»lrl@hl@»lr I"@B_,M,,
node ":’, N N N e fi:f node
1 Y
| , A S| |
i 7/ = 1
s s R s N A A elements,
© 2014 Goodrich, Tamassia, Goldwasser Doubly Linked Lists 24
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Insertion

a Insert a new node/(q) between p and its successor.

mlfl@hl/@ci%gg

F T
A\

P g
ESANEWSANESIANESANES2
\A \B \X \C

© 2014 Goodrich, Tamassia, Goldwasser Doubly Linked Lists 25

-

Deletion

a Remove a node, p, from a doubly linked list. 7. 7=

m|<|’@/|l|@|l|ﬁ;\_ﬂ’

A \g NN F?. .......
m|/|/@|<|®/|f|/ , _—F]

A B e

G e o s
\A \B \C

© 2014 Goodrich, Tamassia, Goldwasser Doubly Linked Lists 26
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Doubly-Linked List in Java

1 /% A basic doubly linked list implementation. x/
2 public class DoublyLinkedList<E> {

39  /xx Returns (but does not remove) the last element of the list. */ headey

40 —public E last() {
41 { if (isEmpty()) return null;

42 return trailer.getPrev().getElement(); // last element is before trailer
43 } I—) noé&_,;—‘.x
© 2014 Goodrich, Tamassia, Goldwasser Doubly Linked Lists 28

3 ) nested Node class ----------------
4 private static class Node<E> {
5 prlvate@element // reference to the element stored at this node
6 private Node<E> prev; // reference to the previous node in the list
7 private Node<E> next; // reference to the subsequent node in the list
8 public Node(E e Node<E> p, Node<E> n) { —> ot any
9 element = e; 1 ctowant J d (coms ) LoM<y
10 {prev =p; — nexk
11 next = n; ——
12 -
13 public E getEIem':nt() { return element; } — S o Sement N Bas W g
14 public Node<E> getPrev() { return prev; } %%\ £s,y
15 public Node<E> getNext() { return next; } —ynext a1 g9 R Set d}éw
16 public void setPrev(Node<E> p) { prev = p; } AOLN s s sl —
17 public void setNext(Node<E> n) { next =n; } (uPdate data ) sl g8
18 YT end of nested Node class ----------- CE M S ( remere) P33
19 51'9"\0\-:}(30,&&3(“'&) BN PYVHE R PYRLIE A IR . Add Qass
© 2014 Goodrich, Tamassia, Goldwasser Doubly Linked Lists 27
Doubly-Linked List in Java, 2
21 ivate Node<E> header; // header sentinel
22 private Node<E> trailer; // trailer sentinel
23 (private int size = 0;— dement su // number of elements in the list
24 *x Constructs a new empty list. *
25 {mbluc DounyLmkedLlst(F), ? / next _|_) IMI IMF_‘I_ I IMI
26 header = new Node<>( null mn null); // create header
27 trailer = new Node<>(£ header, null); // trailer is preceded by header
28  —header.setNext(trailer); musk // header is followed by trailer
29} e el head Watlev
30 ** Returns the number of elements in the linked list. *
31 |/)ublic int size() { return size; } method / frev | date et vrew | dota | neck
32 /% Tests whether the linked list is empty. */ ¥ : gap@aota vy | W0 | 44 |1 welt | wul
33 public boolean isEmpty() { return size == 0; }7:¢2,0% '3
34 ** Returns (but does not remove) the first element of the list. %/
35 —public E first() { i Lo Ust \easi L
36 [ if (isEmpty()) return null;
37 return header.getNext( ).getElement(); // first element is beyond header
38 } - nete V3% ¢ I—)“n‘((‘.\‘-ﬁ-‘&*“

B =N =

Trailer

[ ]

14



Doubly-Linked List in Java, 2

headey \railer
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Doubly-Linked List in Java, 3

l2z2 2

LR

P

44 // public update methods Predecessor ¢J m Successor
45  /%x Adds element e to the front of the list. x/

46 public void addFirst(E e) {

47 addBetween(e, header, header.getNext()); // place just after the header

I_)M\a..ig\
49 /#x Adds element e to the end of the list. x/ )
50  public void addLast(E e) { —» '3 5" ass g,

51 addBetween(e, trailer.getPrev(), trailer); " // place just before the tray Pres Sevce

53 /#x Removes and returns the first element of the list. x/
54 — public E removeFirst() { — nededst gy

55 if (isEmpty()) return null; // nothing to remove
56 return remove(header.getNext()); // first element is beyond header
57 L}

58  /*x Removes and returns the last element of the list. */

59 = public E removelast() { == nede 5= dois

60 if (isEmpty()) return null; // nothing to remove

61 return remove(trailer.getPrev()); // last element is before trailer
62 L}

S Doubty Linked 63 W Modes N sace (85 Vot a3ts %

(header , Trailer) ) 25U isys 05 Res,a 050

© 2014 Goodrich, Tamassia, Goldwasser Doubly Linked Lists 29

Doubly-Linked List in Java, 4

64  // private update methods
65 /*x Adds element e to the linked list in between the given nodes. x/
66  private void addBetween(E e, Node<E> predecessor, Node<E> successor) {

67 // create and link a new node a“wsgp 03 dl s ult
68 Cvc:?Node<E> newest = new Node<>@ predecessor, successor);

Nnode . -
69 predecessor.setNext(newest); PYVIRTIPY Wy TEOR-L N
70 essor.setPrev(newest); i J
7o Gty N .
72 }

73 /#*x Removes the given node from the list and returns its element. x/

74 private E remove(Node<E> node) { "'“: perv =m :u'" _
75 e<E> predecessor = node.getPrev(); node etz -
Node<E> successor = node.getNext();

predecessor.setNext(successor); L |
successor.setPrev| predecessor)); — |
size——; TN
80 eturn node.getElement(); pred node P
81 } T Heq
82 } /) end of DoublyLinkedList class -----------
© 2014 Goodrich, Tamassia, Goldwasser Doubly Linked Lists 30
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Lists and Iterators

© 2014 Goodrich, Tamassia, Goldwasser Lists and Iterators 31

~The java.util.List ADT

o The java.util.List interface includes the following methods:

size(): Returns the number of elements in the list.
isEmpty(): Returns a boolean indicating whether the list is empty.
get(i): Returns the element of the list having index i; an error condition
occurs if 7 is not in range [0,size() — 1].
set(i, ¢): Replaces the element at index i with e, and returns the old element
that was replaced; an error condition occurs if i is not in range
[0,size() —1].
add(i, e): Inserts a new element e into the list so that it has index 7, mov-
ing all subsequent elements one index later in the list; an error
condition occurs if 7 is not in range [0, size()].
remove(i): Removes and returns the element at index i, moving all subse-
quent elements one index earlier in the list; an error condition
occurs if 7 is not in range [0,size() — 1].
© 2014 Goodrich, Tamassia, Goldwasser Lists and Iterators 32
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Example

o A sequence of List operations:

Method | Return Value | List Contents
add(0, A) - (A)
add(0, B) - (B, A)
get(1) A (B, A)
set(2, Q) “error” (B, A)
add(2, C) - (B, A Q)
add(4, D) “error” (B, A Q)
remove(1) A (B, Q)
add(1, D) - (B, D, Q)
add(1, E) - (B, E, D, Q)
get(4) “error” (B, E, D, Q)
add(4, F) - (B,E, D, C F)
set(2, G) D (B,E, G C F)
get(2) G (B,E, G C F)
© 2014 Goodrich, Tamassia, Goldwasser Lists and Iterators 33

Array Lists

o An obvious choice for implementing the list ADT is
to use an array, A, where A[i] stores (a reference
to) the element with index i.

o With a representation based on an array A, the
get(i) and set(i, e) methods are easy to implement
by accessing A[i] (assuming i is a legitimate

index).
AT T TP T I PP I Tl TITdTd]
012 i n
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Insertion

a In an operation add(i, o), we need to make room
for the new element by shifting forward the n —i
elements A[i], ..., A[n — 1]

a In the worst case (i = 0), this takes O(n) time

AT TP TPl ll]

012 i n
LYY YYD
AT TP PP I I I Tl
012 i n
AT T 11T lel T T HTTTTT
012 i n
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Element Removal

a In an operation remove(i), we need to fill the hole left by

the removed element by shifting backward the n —i — 1
elements A[i + 1], ..., A[n — 1]

a In the worst case (i = 0), this takes O(n) time

AT T T T T lol IV T 11T

012 i n
Y Y Y Y
AT T TP PP I Il I Tl
012 i n
AT TP P I PP Il Idd
012 i n
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Not &V\O(QA

Performance

o In an array-based implementation of a

dynamic list:
= The space used by the data structure is O(n)
» Indexing the element at i takes O(1) time
» add and remove run in O(n) time
a In an add operation, when the array is full,

instead of throwing an exception, we can
replace the array with a larger one ...

© 2014 Goodrich, Tamassia, Goldwasser Lists and Iterators 37

Java Implementation

11 // public methods
12 /%% Returns the number of elements in the array list. %/
13 public int size() { return size; }

14 /** Returns whether the array list is empty. */
15 public boolean isEmpty() { return size == 0; }
16 /*x Returns (but does not remove) the element at index i. %/
17 public E get(int i) throws IndexOutOfBoundsException {
18 checkIndex(i, size);
19 return datali];
20}
21 /#% Replaces the element at index i with e, and returns the replaced element. %/
22 public E set(int i, E e) throws IndexOutOfBoundsException {
23 checkIndex(i, size);
24 E temp = datali];
25 datali] = e;
26 return temp;
27}
© 2014 Goodrich, Tamassia, Goldwasser Lists and Iterators 38
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** |nserts elempent e to be at index i, shifting all subsequent elements later.
") public void add(int i, E e) throws IndexOutOfBoundsException,
A 30 lllegalStateException {
31 checklIndex(i, size + 1);
32 if (size == data.length) not enough capacity
33 throw new lllegalStateException("Array is full");
34 for (int k=size—1; k >=i; k——) start by shifting rightmost
35 data[k+1] = data[k];
36 datafi] = e; ready to place the new element
37 size++;
38}
39 *x* Removes/returns the element at index i, shifting subsequent elements earlier. *
40 public E remove(int i) throws IndexOutOfBoundsException {
41 checklIndex(i, size);
42 E temp = datali];
43 for (int k=i; k < size—1; k++) shift elements to fill hole
44 data[k] = data[k+1];
45 data[size—1] = null; help garbage collection
46 size——;
47 return temp;
448 }
49 utility method
50 ** Checks whether the given index is in the range [0, n—1]. %
51 protected void checkIndex(int i, int n) throws IndexOutOfBoundsException {
52 if(i<O0||i>=n)
53 throw new IndexOutOfBoundsException("Illegal index: " + i);
54
© 2014 Goo 55 } } 39

Growable Array-based Array List

o Let push(o) be the operation
that adds element o at the
end of the list

o When the array is full, we
replace the array with a
larger one

o How large should the new
array be?

= Incremental strategy: increase
the size by a constant ¢

» Doubling strategy: double the
size
© 2014 Goodrich, Tamassia, Goldwasser

Lists and Iterators

Algorithm push(o)

if 1= S.length — 1 then

A < new array of
size ...
fori <~ 0 ton—I do
Ali] « S[i]

S« A4

n«<n+l

S[n—-l]<«o

40
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Comparison of the Strategies

o We compare the incremental strategy and
the doubling strategy by analyzing the total
time T(n) needed to perform a series of n
push operations

o We assume that we start with an empty list
represented by a growable array of size 1

o We call amortized time of a push operation
the average time taken by a push operation
over the series of operations, i.e., T(n)/n

© 2014 Goodrich, Tamassia, Goldwasser Lists and Iterators 41

Incremental Strategy Analysis

o Over n push operations, we replace the array & =
n/c times, where ¢ is a constant

o The total time T(n) of a series of n push operations
is proportional to

n+c+22c+3ctdc+...+kc=
n+c(l+2+3+...+k)=
n + ck(k+1)/2
o Since c is a constant, T(n) is O(n + k?), i.e., O(n?)

o Thus, the amortized time of a push operation is
O(n)

© 2014 Goodrich, Tamassia, Goldwasser Lists and Iterators 42
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Doubling Strategy Analysis

o We replace the array k = log, n
times

o The total time T(n) of a series of n
push operations is proportional to
n+1+2+4+8+ .. +2k=
n+2kt1—1 =
3n—1
o T(n) is O(n)
o The amortized time of a push
operation is O(1)

geometric series

© 2014 Goodrich, Tamassia, Goldwasser Lists and Iterators 43

Positional Lists

o To provide for a general abstraction of a sequence of
elements with the ability to identify the location of an
element, we define a positional list ADT.

o A position acts as a marker or token within the
broader positional list.

o A position p is unaffected by changes elsewhere in a
list; the only way in which a position becomes invalid
is if an explicit command is issued to delete it.

o A position instance is a simple object, supporting only
the following method:

= P.getElement( ): Return the element stored at position p.

© 2014 Goodrich, Tamassia, Goldwasser Lists and Iterators 44
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Positional List ADT

o Accessor methods:

first(): Returns the position of the first element of L (or null if empty).

last( ): Returns the position of the last element of L (or null if empty).

before(p): Returns the position of L immediately before position p
(or null if p is the first position).

after(p): Returns the position of L immediately after position p
(or null if p is the last position).

isEmpty(): Returns true if list L does not contain any elements.

size(): Returns the number of elements in list L.

© 2014 Goodrich, Tamassia, Goldwasser Lists and Iterators 45

Positional List ADT, 2
o Update methods:

addFirst(e): Inserts a new element e at the front of the list, returning the
position of the new element.

addLast(e): Inserts a new element e at the back of the list, returning the
position of the new element.

addBefore(p, ¢): Inserts a new element e in the list, just before position p,
returning the position of the new element.

addAfter(p, ¢): Inserts a new element e in the list, just after position p,
returning the position of the new element.

set(p, ¢): Replaces the element at position p with element e, return-
ing the element formerly at position p.

remove(p): Removes and returns the element at position p in the list,
invalidating the position.

© 2014 Goodrich, Tamassia, Goldwasser Lists and Iterators 46

23



Vectors

9/17/2016 5:37 PM

Example

© 2014 Goodrich, Tamassia, Goldwasser

Lists and Iterators

o A sequence of Positional List operations:
Method Return Value | List Contents
addLast(8) p 8p)
ﬁl’St() P (8]))
addAfter(p, 5) q 8p»Sq)
before(q) p 8p,5q)
addBefore(q, 3) r 8p.3r.5¢g)
r.getElement() 3 8p-3r,5¢)
after(p) r (81), 3r, Sq)
before(p) null Bp»3r:5¢)
addFirst(9) S (95, 8p, 3r, Sq)
remove(last()) 5 s, 8p. 3r)
set(p, 7) 8 (95, 7p, 3r)
remove(q) “error” s, 7p,3r)

47

Positional List Implementatlon

header |

o The most natural way
to implement a
positional list is with a
doubly-linked list.

]
}

element

|
node /

”OdeS/DOQUongw trailer

m|/|’@/|f|’@/|/|’@/|f|@
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Insertion

o Insert a new node, q, between p and its successor.

P
ESANESANESINESA
N A \g Ve

p
ESANEwAN
\ A \

P | g .
ESANEWSANESIANESANES2
\A \B \X k\C
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Deletion
a Remove a node, p, from a doubly-linked list. ...
ESS AN G AN E S AN E AN 2
\ A \p \c \p

ESANES A NES AN E -

2 2 s N 23 2 N2 P N
\A \B \C
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Iterators

o An iterator is a software design pattern
that abstracts the process of scanning
through a sequence of elements, one
element at a time.

hasNext(): Returns true if there is at least one additional element in the
sequence, and false otherwise.

next(): Returns the next element in the sequence.

© 2014 Goodrich, Tamassia, Goldwasser Lists and Iterators 51

The Iterable Interface

o Java defines a parameterized interface, named
Iterable, that includes the following single method:

= iterator( ): Returns an iterator of the elements in the
collection.

o An instance of a typical collection class in Java, such
as an ArraylList, is iterable (but not itself an iterator); it
produces an iterator for its collection as the return
value of the iterator( ) method.

o Each call to iterator( ) returns a new iterator instance,
thereby allowing multiple (even simultaneous)
traversals of a collection.

© 2014 Goodrich, Tamassia, Goldwasser Lists and Iterators 52
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The for-each Loop

o Java’s Iterable class also plays a fundamental
role in support of the “for-each” loop syntax:

for (ElementType variable : collection) {
loopBody

}
is equivalent to:

Iterator<ElementType> iter = collection.iterator();

while (iter.hasNext()) {
ElementType variable = iter.next();
loopBody

}

// may refer to "variable”
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// may refer to "variable”
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