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|ARRAYS: WHY?

Let us assume that we have to read, process and print 10 numbers (integers) and keep
those in the memory throughout the execution.

score0 Read score0

Print scoreQ

Read scorel Definitely, not a

scorel .
good idea for

Print scorel 10000 numbers.

Print scorel0

score2

Read scorelQ

Process

score9




CONTINUED. ..

An array of scores: Only one variable is enough.

4 4
4

4 4

Subscripting Indexing

read score|i]

write scorel[i




DYNAMIC ARRAYS

* What are they?

Applications of arrays: Maths (vectors, matrices, polynomials,...), databases,

compilers (control flow), dynamic memory allocations etc.




|DYNAMIC ARRAYS EXAMPLE: LAB3

* Let us understand the operations needed to

implement a dynamic array: insert, remove etc.

arr.insertItem{s);
arr.insertItem{3);
arr.insertItem{11);

arr.display();

arr.insertItemAtIndex(1l, 7);
arr.display();
arr.sort();

arr.display();

arr.insertItem(
arr.insertItem(

|
|

arr.display();

cout arr.getsize() endl;

arr.display();
arr.deleteItem(16);

arr.display();

(DynamicArray.cpp given in the next week’s lab sheet)

ﬂoid DynamiclDArray :: shrink() N

capacity >>= 1;
int *newArr = new int[capacity];

for (inti=0; i< size; i++)
newArtr[i] = arrli];

/[ update the global array pointer

Q arr = newaAur, (shrink)/

2
5
[
3
3

arr.deleteltemFromIndex(2);
arr.display();
arr.deleteltemFromIndex(1);
arr.display();

cout arr.getSize() endl ;

311

11
11 15 16

13 16
15




USING ARRAYS: AN EXAMPLE

Amit | Raj |Deb | Roy |Vikas| Sam
1105 750 | 720 | 660 | 590 | 510
0 1 2 3 4 5 6 7 8 a

{An entries array of length 10 with é
GamekEntry objects (maxExntries: 10,
numEntries: 6)}

Geet

740

:':‘.-'”._1 Ilrrrn_‘ I‘...--r.._.1 Ilrrr'-._‘
Amit | Raj Deb |Roy |Vikas| %am
1105 750 720 | 660 [ 590 | 510

0 1 2 3 4 5 6 [} 8 o

{Preparing to add a new GamekEntry
object by shifting all the erntries with
smaller scores to the right by one
position}

Amit | Ra] |Geet |Deb |Roy [Vikas|Sam
1105( 750 |740 | 720 | 660 | 590 | 510

0 1 2 3 4 5 6 7 8 0

{Copying the new entry into the position.
Scenario after addition}

Return: | Deb
720

4
T AERY Y

Amit |Raj |Geet |Roy |Vikas| Sam
1105( 750 | 740 | 660 | 590 | 510

0 1 2 3 4 5 6 7 8 9

{Removing an element at index i requires
moving all the entries at indices higher than i
one position to the left}



IMPLEMENTATION: STORING GAME ENTRIES

~

, ints = 0);

ﬁass GameEntry {
public:

GameEntry ( const string &n = ""
string getName() const;
int getScore() const;

private:
string name;

int score;

}i

\ ( A Class representing a Game entry) /

4 )

GameEntry::GameEntry(const string &n, int s) : name(n),

score(s) { }

ﬁass Scores { \
public:

Scores(int maxEnt = 10);

~Scores();

void add(const GameEntry &e);

GameEntry remove(int i) ;

void printAllScores();
private:

string GameEntry::getName() const { return name; }
int GameEntry::getScore() const { return score; }

o

)

( Constructor and member functions)

GameEntry *entries;

( A Class for storing Game scores)

int maxEntries; //maximum number of entries
\“\

int numEntries; //actual number of entries
Scores::Scores(int maxEnt) {

maxEntries = maxEnt; // save the max size

entries = new GameEntry[maxEntries];
numEntries = 0;

} [Scores::~Scores() { delete[ ] entries; }]




INSERTING INTO AND DELETING FROM ARRAY

void Scores::add(const GameEntry &e) {
int newScore = e.getScore(); // score to add
if (numEntries == maxEntries) { // the array is full
if (newScore <= entriesimaxEntries - 1].getScore())
return; // not high enough - ignore

}

else numEntries++; // if not full, one more entry

int i = numEntries - 2; // start with the next to last
while (i >= 0 && newScore > entries[i].getScore() ) {
entries[i + 1] = entries[i]; // shift right if smaller

’

}

entries[i + 1] = e; // put e in the empty spot

(Inserting a Game entry obiject)

Geet
740

LN L L LW 4

Amit | Raj |Deb | Roy |Vikas|Sam Amit | Raj Deb |Roy |vikas| sam
1105| 750 | 720 | 660 | 590 | 510 1105| 750 720 | 660 | 500 | 510
0 1 2 3 4 5 0 7 8 9 o 1 2 3 4 &5 6 T 8 9

}

.

@meEnTry Scores:remove(int i)
{

if (i <O0) || (i >= numEntries)) // invalid index
throw("IndexOutOfBounds - Invalid index");

GameEntry e = entries[i]; // save the removed object

for (int j =i+ 1; | < numEntries; j++)

entries[j - 1] = entries[j]; // shift entries left
numEntries--; // one fewer entry
return e; // return the removed obiject

(Removing a Game entry object)

~

/




DRIVER AND OTHER CLASSES FOR GAME ENTRY EX.

Add Player Add Player

Bemowe Player

Print Scores Eemowe Player By Index
Exit .
Print Scores

Add Player
Bemowe Player
Print Scores
Exit

nter Player Name and . 2dd Player

/i rat 95
Add Player Bemowve Player By Index

Eemowe Player By Index Print Scores
Print Scores .
Exit

Enter Player Hame and

i1 120 ' 200

Add Player

Bemowe Player By Index 120
Print Scores i g5

Exit

a5
: 120 - Add Player

=3§ BEemowve Player By Index
1dd Player Frint Scores
Eemowe Player By Index Exit

Print Scores

Exit Lab3: GameEntry.cpp)




Add Player
Bemowe Player
Print Scores
Exit

Player Name and

LAB3 TASKS: GAME ENTRY -

Print Scores
Exit

Player Name and Score

95
Bdd Player
Eemove Player By Index
Print Scores

Add Player : Exit

Bemowe Player By Index

Print Scores Score
Print Players Count

! BEdd Flayer
Exit

Eemove Player By Index

(How many number of entries are there for each player? Option 4) : Eiit Scores

Enter max walue and min walue of the =core range
4DD SDD : BAdd Player
Gill = 320 : Eemove Player By Index
: Print Scores
1: Add Player Exit
: Remove Player By Index
3: Print Scores
4 : Print Players Count Lt 2 85
. . : Add FPlayer
FPrint Unique Scores : Eemove Player By Index
Print Players i1n Score Range ?Wﬁﬂ““ﬂ
. X1t
Print Master Player
Fxit (display unique entries for each player?)

(Display players in a score range: Option 6)

(GameEntry_Unique.cpp)



|SORTING & SEARCHING IN AN ARRAY

volid DynamiclDArray ::sort() int DynamiclDArray
{ : :binarySearch (const int item)

for (int 3 = 1; J < size; J++) {
{ int low = 0, high = size - 1;
while (low <= high) {
int mid = low + ((high -
low) >> 1);

int key = arr[]j];
int 1 =3 - 1;

while (1 > -1 && arr[i1]>key) if (item == arr[mid])

{ return mid;
arr[i + 1] = arr[1i]; if (item < arr[mid])
i1 =1 -1; high = mid - 1;

} else

arr[i + 1] = key; low = mid + 1;

) }
\\\i¥ 4//// \\\\\return -1; } 4////

(Insertion Sort) More sorting & searching algos later... (Binary Search)




Year

MULTI-DIMENSIONAL ARRAYS

Month

0] 30 40 75 95 130 220 210 185 135 80 40
f 25 25 80 75 115 270 200 165 85 5 10
vA 35 45 90 80 100 205 135 140 170 75 60
k] 30 40 70 70 90 180 180 210 145 35 85
Zy 30 35 40 90 150 230 305 295 60 95 80

(s Qe Lt VI R AR WU N ]

45
16
95
80
30

Average Yearly Rainfall (in mm of Hyd)

#include<iostream:
using namespace std;
int main()
int x[5][12]={{30,48,75,95,130,220,218,185,135,88,48,45},
{25,25,80,75,115,278, 288,165, 85, 5,18, 1l&6%},
{35,45,98,88,100,2685,135,143,178,75,608,95%,
{38,48,7@,78, 98,188,188,218,145,35,85,88},
{38,35,48,98,1508,238,385,295, &6,55,88,38}
13
for (int i =8; i 53 i++)
- {
for {int § = @; § < 12; j++)
- cout << "Element at x[" << i
SO | S B C O
cout << w[i][j]<<endl;
h
return @;
h

60 75 95

Arrays in C++ are one-dimensional.
However, we can define a 2D array
as “an array of arrays”.

3-dimensional

130 220 210 185

130 220 210 185 135 80 40

Goa

Element at x[@][a]:
Element at x[@][1]:
Element at x[@][2]:
Element at x[@][3]:
Element at x[@][4]:
Element at x[@][5]:
Element at x[@][6]:
Element at x[@][7]:
Element at x[@][8]:
Element at x[@][9]:

Element at x[@][18]: 48
Element at x[@][11]: 45
Element at x[1][8]: 25

Element at x[1][1]:
Element at x[1][2]:
Element at x[1][3]:
Element at x[1][4]:
Element at x[1][5]:
Element at x[1][6]:
Element at x[1][7]:
Element at x[1][8]:
Element at x[1][9]:

115
278
208
1]
BS
5

Element at x[1][18]: 1&
Element at x[1][11]: 16

Element at x[2][8]:
Element at x[2][1]:
Element at x[2][2]:
Element at x[2][3]:
Element at x[2][4]:
Element at x[2][5]:
Element at x[2][6]:
Element at x[2][7]:
Element at x[2][8]:
Element at x[2][9]:

35
45

98
B8
186
285
135
148
i7e
75

Element at x[2][18]: &8
Element at x[2][11]: 95
Element at x[3][0]: 38

Element at x[3][1]:
Element at x[3][2]:
Element at x[3][3]:
Element at x[3][4]:
Element at x[3][5]:
Element at x[3][6]:
Element at x[3][7]:
Element at x[3][8]:
Element at x[3][9]:

Element at x[3][18]: 85
Element at x[3][11]: B8
Element at x[4][8]: 38

Element at x[4][1]:
Element at x[4][2]:
Element at x[4][3]:
Element at x[4][4]:
Element at x[4][5]:
Element at x[4][6]:
Element at x[4][7]:
Element at x[4][8]:
Element at x[4][9]:

35

385
295
]
95

Element at x[4][18]: B&
Element at x[4][11]: 38




SINGLY LINKED LISTS

°Linked list: A linear data structure?

*A singly linked list is a concrete data structure
consisting of a sequence of nodes, where each node

Pilani
has?
Arrays Vs. Linked lists
1. Arrays are stored in contiguous 1. Linked lists are not stored in
location. contiguous location.
2. Fixed 1n size. 2. Dynamic in size.
3. Memory 1s allocated at compile time. 3. Memory 1s allocated at run time.
4. Uses less memory than linked lists. 4. Uses more memory because it stores
both data and the address of next node. How will you store mid-sem scores of say, 4
5. Elements can be accessed easily. 5. Element accessing requires the students in a linked list?
traversal of whole linked list.
6. Insertion and deletion operation takes || 6. Insertion and deletion operation is
time. faster.

Applications: Implementation of Stacks, queues, Graphs (Adj list), Keep track of OS process states, Free memory blocks



IMPLEMENTING A SINGLY LINKED LIST

Step 1: Define a class for the Node
class StringNode {

private: string elem;

Step 3: Define a set of member functions for the
Linked list class defined in Step 2

StringNode™ next;

o > StringLinkedList::StringLinkedList() : head(??7){ }

StringLinkedList::~StringLinkedList() {
while(lempty())

friend class StringlinkedList;

)i

Step 2: Define a class for the Linked list

class StringLinkedList { 777,
public: StringLinkedList(); }
~StringlinkedList(); bool StringlinkedList::empty() const { //Is list empty?
bool empty() const; return head == NULL;
const string& front() const; )
void addFront(const string& e);
void removeFront(); const string& StringlinkedList:front() const {
private: StringNode™ head; return ??7?;

Yi Y



INSERTING & REMOVING AT THE HEAD OF LINKED LIST
Create a new node /’ﬁ \

1.
2.  Store data into this node ‘
3. Have new node point to old head
Y P I. {Dubai ——» Goa ><
4.  Update head to point to new node _ |
void StringlinkedList::addFront(const string& e) ¢ J‘
I'IErJ noae

{ —
qu : Inserting at the head /

StringNode™ v = new StringNode;
v->elem = ¢;

v->next = head; || void StringlinkedList::removeFront() head
head = v; { R R EEE R . L
} StringNode™ old = head; 5/ [ P s Goa | X
head = old->next; i i 1. Save old head
delete old; | ' 2. Advance head to the next
} : ! node

Deleting at the head ' y
———————————— 3. Delete the old head node



INSERTING AT THE TAIL & INSIDE A LINKED LIST

1. Allocate a new node

2. Insert new element (Hyd)

3.  Have new node point to null (v->next | ZlELT
= NULL)

4. Have old last node point to new node
(last_node -> next = v)

void insertAfter(Node* prev_node, int new_data)

Node* new_node

new Node();

new_node->data = new_data;

new_node->next = prev_node->next;

prev_node->next = new_node;



1 #include <iostream>
2 using namespace std;
3+ struct Node {
4 string data;
5 struct Node* next;
6 };
D E |- ETI N G TH E LAST N 0 D E 7 = Node* removelastNode(struct Node* head) {
38 if (head == NULL)
g return NULL;
10~ if (head-»next == NULL) {
11 delete head;
. 12 t NULL;
Algorithm: 13 y o
14 Node* second last = head;
L . e 15 while (second last->next->next I= NULL)
]. If (hequOde _—— nU”) //hOW mCIny nOdeS N IlST’? 16 Second_lag‘t = gecond_last_gsnext;
17 delete (second last->next);
Then thf ShOUId You dor) 18 second_last->next = NULL;
—— T 19 t head;
2. If (headNode.next == null) //how many nodes in list? o,
- i 1 * % 1
then what should you do? B - invericie (et ot pesd v, string nenta)
23 new node->data = new_data;
3. While secondLast.next.next I= null //traverse till secondLast 2 new_node->next = (*head_ref);
25 (*head ref) = new node;
secondlLast = secondlLast.nextNode 26}
27 * int main() {
. 28 Node* head = NULL;
4. Delete last node and set the pointer of secondLast to null. 29 insertNode(&head, "Hyd");
30 insertNode(&head, "Goa");
31 insertNode(&head, "Dubai™);
32 insertNode(&head, "Pilani™);
33 head = removelastNode(head);
- 34 cout << "After deleting the last node:"<<endl;
A'FtEI" dElEtl ng thE 1ast nn-dE': 35 for (Node* temp = head; temp != NULL; temp = temp->next)
P'l . D h - E 36 cout << temp->data << " ";
ilani Dubai Goa 37 return 05




Stack: We can implement stack as a
linked list. How will you implement?

Implementation in later chapters...

shutterstock.com « 1156919401

redar

Queue: We can implement a queue as a linked
list. Front element is stored as first element of the

linked list, and rear element is stored as the last
element.



| SWAPPING TWO NODES IN A LINKED LIST

Lab 4 next week (week no:4)



GENERIC SINGLY LINKED LISTS: USING TEMPLATES

1 =1|"|:_|.-."|E <105TrCam: Please enter one of the fol cho : 34 _E”F-E_; cEypeEnEme Ex
2 1 : Add at the frent .:_ﬂ_—c'-*__- -_--__;_ “-\ .f.nn- o e Se Vet mmndud
5 using namesoace std: Gat frontmost element 35 bool sLinkedList<Ex::e Ft_'. {) const A 15 11T empry s
i — i ! E Remove front element 3G 1 return head == WULL; 7}
4 4 Check if list is empty 37
& template<typenzme Ex > Tﬂﬂmrmfthif%j;rnt 38 template <typename E>
- . ¥ a [=3 [=3 R _ . _ -
& «Class sSLinkedList; 7 : Swap two nodes o const E& SLinkedList<Ex::fromt({) const ¢/ return front element
7 8 : Exit = 1 return head-»elem;
o 1 21
g LEMpLlate <LTypEname E: Enter the element: i a0 template <tvoename E:
g+ class SHode { . -...-. .l:_|3_s..ﬂ__ __.:l: ame: E3 . .
LT - Please enter one 3  sSlLinkedList«<Ex»::~SLinkedList()} ff destructor
18  pri 'Etc_' 1 : add at the front 44 { while {lempty()} removeFront(); }
11 E £ 1Em, 2 Get frontmost element 45
2 SNode<E>* next; " Eiz;“lilii:t“i:mj;ty 46 template <typename E»
13 friend c¢lass SLinkedList<E>; 5 . Traverse the list 47 = yold SLinkedList<Ex»::addFront({const E& &) { add to fromt of lis
14 1 & : Search for an element 48 SNode<E>»* v = new SNode<E>; create new node
15 ! 7 : Swap two nodes 45 v-xalem = e; store data
16 template <tvoenzme E s Ears 58 v-»next = head; head now follows
CEMpLladTe <TYDename cx» Coaas ie mew Fha hasd
- -F = ) - - Enter the element: Virat 51 head = » 15 Na Chme nead
17 ~ class SLinkediList { 2 1}
18 public: = : EE
g sLinkedList(); : Add at the front 54  template <typename E»
_ T Tuad 3 : Get frontmost element i - - b T e e e Rt ) e
! ‘-EL'_I'l':EI:-“.l:tlf:j Remove front element G5 = vold sLinkedList<E:::removerront() remove fromt 1te
1 wool emoEviY const: : Check if list is empty 56 Shode«<E»* old = head; save current head
- T : verse the list 57 head = old->next; skip over old head
e const E& f Drltl,. L -} » @ S C for an element 53 delete old: delete the old head
P Cim e o : Swap two node I ! SeTmRm e oEemom
3 cid addFront{const E& e); Saap two nedes 53}
4 oid removerront(); E
oid traverse(); :
+__
private: P SNode<E>

Please enter one o
SHode<E>»* 30 , : Bdd a e fron ' o
| FledeeErt hesd; 3 | Get Erontmost element *SLinkedList<E>::search (const E &e) {

Remove front element

LR W Gy W Ry U8 R T 8 O Ny 0 S O (S N ]

B = 00 MO DO =] oh

_ i : heok 5f 1ist is empty //complete code here
template <typena o T _CoveRss mhe R
S_irkEdLii—_.; - :.. '? Search for an element } (Next Week Lab 4)
= ]

Swap two nodes
Exit k




REVERSING A LINKED LIST

void listReverse(LinkedList& L) { void reverse() {
if (head == nullptr | | head->next == nullptr) {
LinkedList T; return;
while (IL.empty()) { }
string s = L.front(); Node™ prev = nullptr;
Node™ current = head;
L.removeFront();

Node™ next;

T.addFront(s); while (current 1= nullptr) {
} next = current->next;
while (!T.emp’ry()) { current->next = prev;

s’rring s = T.from-(); prev = current;

current = next;
T.removeFront(); )

L.addBack(s);
} head = prev;
} Is it In-place reversal? } ls it In-place reversal?



DOUBLY LINKED LIST

*Deleting the last node in a singly linked list is

Applications:
* Used by browsers for what functionality?

not efficient. Why? (rather any node other * Used to implement MRU, and LRU caches?

than first one or two)

*What is a doubly linked list?

L —————— ——— ——— —— —

typedef string Elem;
class DNode {
private: Elem elem;

DNode™ next;

l
i DNode* prev;
i friend class DLinkedList;

—-_— - -

(Implementation of DLL Node)

* Undo/ Redo functionality in Word.
* Used to implement hash tables, stacks, binary

tree efc.

\ . \
| trailer
|

~

\ /

-~ - -



INSERTING INTO DOUBLY-LINKED LIST

Algorithm insert(p, e): //insert e
before p

Let us write the pseudo code in

parallel...

B ettt

I/’ header U P trailer

-

e e e o e o = = = =




REMOVING A NODE IN DOUBLY-LINKED LIST

Algorithm remove (p: position ) { y trail
railer

if (p->previous = nil) // not first

p->previous->next = ?77;

if (p->next != nil) //not the last

p->next->previous = ??77;




FINDING MIDDLE NODE AND LOOP IN A LINKED LIST

Node* findMiddle(Node* head) { How about detecting a closed loop using this
if (head == null) { algo?
return ??7; if (slow == fast) {
} return true;
Node* slow = head; }
Node* fast = head; How about removing a closed loop using this
while (fast I= null && fast->next |= null) { algo? // node before loop start
//what will you do here? // start node of loop | Node* prev = slow;
} slow = head; while (prev->next = fast) {
hile (slow = fast — } .
return slow; while (S_OW ast) { prev = prev->next;
slow = slow->next; }
} fast = fast->next; // Break the loop

Floyd's Tortoise and Hare algorithm (Lab 4) | } prev->next = nullptr;



void CircleList::remove() {
CNode* old = cursor->next;

10s.1nd ay}

if (old == cursor)
cursor = NULL;

CIRCULAR LINKED LISTS O oron =t

delete old;

134yp dpou sy} srowas //

A circular linked list is a singly-linked list except for the last element
of the list pointing to the first. Without starting over we can go back

Please enter one of the following choices:
: Add

to the first.

What is the need of cursor node?

class Circlelist;
typedef string Elem;
class CNode {
private: Elem elem;
CNode™ next;
friend class Circlelist;
Yi
class CirclelList {
public:  Circlelist();
~CirclelList();
bool empty() const;
const Elem& front() const;
const Elem& back() const;
void advance();
void add(const Elem& e);
void remove();
private: CNode™ cursor;

Yi

CirclelList::CircleList() : cursor(NULL) { }
CirclelList::~CircleList() { while (lempty()) remove(); }
bool Circlelist::empty() const {return cursor== NULL; }
const Elem& CirclelList::back() const {
return cursor->elem; }
const Elem& CircleList:front() const {
return cursor->next->elem; }
void Circlelist::advance() { cursor = cursor->next; }
void CirclelList::add(const Elem& e) { //add after the cursor
CNode* v = new CNode;
v->elem = g;
if (cursor == NULL) {
v->next = v; cursor = v; }
else {
v->next = cursor->next; cursor->next = v;

}
} (Lab 4: Round robin scheduling)

: Get front element

: Get back element

: Advance cursor

: Remove element pointed by cursor
: Check if list is empty

: Exit

H s W

w
=

Adding the following element : sl
1

s2

Adding the following element : s2
1

s3

Adding the following element : s3
3

Back element is : sl

4

Advancing the cursor

2

Front element is : s2

L

Removing element pointed by the cursor
[

List is not empty




THANK YOU!

Next Class: Algorithm Analysis...



