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Insertion Sort

Given a sorted array insert a new element into it!
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Insertion Sort

Given a sorted array insert a new element into it!

N T N T T

Assume we want to insert 9

9 < 37 ? Yes => Move 37 to the right (a|i] = a[i — 1])

N P -
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Insertion Sort

Given a sorted array insert a new element into it!

N T N T T

Assume we want to insert 9

9 < 22 ? Yes => Move 22 to the right (a|i] = a[i — 1])

T A - <
5 10 13 22 37
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Insertion Sort

Given a sorted array insert a new element into it!

N T N T T

Assume we want to insert 9

9 <13 ? Yes => Move 13 to the right (a|i] = a[i — 1])

N A - 3
5 10 13 22 37

5 10 13 22 37
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Insertion Sort

Given a sorted array insert a new element into it!

N T N T T

Assume we want to insert 9

9 <10 ? Yes => Move 10 to the right (a|i] = a[i — 1])

O N - 2
5 10 13 22 37

5 10 13 22 37
5 10 13 22 37
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Insertion Sort

Given a sorted array insert a new element into it!

N T N T T

Assume we want to insert 9

9<57?No=>Stop

O A -
10 13 22 37

5

5 10 13 22 37
5 10 13 22 37
5 10 13 22 37
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Insertion Sort

Given a sorted array insert a new element into it!

N T N T T

Assume we want to insert 9

ali] =9
N I P -
5 10 13 22 37
5 10 13 22 37
5 10 13 22 37
5 9 10 13 22 37
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {

int value = arrli];

intj=i;

while (j > 0 && arr[j - 1] > value) {
arr[j] = arr[j - 1];
=

}

arr[j] = value;
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {
int value = arrli];
intj=i;
while (j > 0 && arr|[j - 1] > value) {
arr(j] = arr[j - 1];

. 7 s | 9 | 3 . 8
}

arr[j] = value;
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {
int value = arrli];
intj=i;
while (j > 0 && arr|[j - 1] > value) {
arr(j] = arr[j - 1];

. I T T T
}
7

arr[j] = value;
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {

int value = arrli]; value =5
intj=i;
while (j > 0 && arr|[j - 1] > value) { j=1

arr(j] = arr[j - 1;
I 7 | s | 9 | 3 | 8
}
7

arr[j] = value;
} 7
}
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {

int value = arrli]; value =5
intj=i; 7>5=>all]=7
while (j > 0 && arr|[j - 1] > value) { j=1

arr(j] = arr[j - 1;
I 7 | s | 9 | 3 | 8
}
7

arr[j] = value;
} 7 7
}
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {
int value = arrli];
intj=i;
while (j > 0 && arr|[j - 1] > value) {
arr[j] = arr[j - 1]; '

j=20
I 7 | 5 | 9 | 3 | 8

7
7

value = 5

}

arr[j] = value;
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {

int value = arrli]; value =5
intj=i;
while (j > 0 && arr]j - 1] > value) { al0] =5

arr(j] = arr[j - 1;

Jj=20
2 7 | 5 | 9 | 3 | 8
}
arr[j] = value; 7
5

}
}
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {

int value = arrli]; value =9
intj=i;
while (j > 0 && arr|[j - 1] > value) { j=2

arr(j] = arr[j - 1;
I 7 | s | 9 | 3 | 8
}

arr[j] = value; 7
} 5 7
5
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {
int value = arrli]; value =9
intj=i; 7>9
while (j > 0 && arr|[j - 1] > value) {
arr[j] = arr[j - 1];

. I T T T
}

arr[j] = value; 7
} 5 7
5

Jj=2

}
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {

int value = arrli]; value =9
intj=i;
while (j > 0 && arr|[j - 1] > value) { j=2

arr(j] = arr[j - 1;
I 7 | s | 9 | 3 | 8
}

arr[j] = value; 7
} 5 7
5
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {
int value = arrli]; value = 3
while (j > 0 && arr|[j - 1] > value) {
arr[j] = arr[j - 1];

j=3
. I T T T
}

~N

arr[j] = value; 7
} 5 7
i 5 7 9
5 7 9 9
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {
int value = arrli]; value = 3
intj=i;
while (j > 0 && arr|[j - 1] > value) {
arr[j] = arr[j - 1];

j=2
. I T T T
}

~N

arr[j] = value; 7
} 5 7
i 5 7 9
5 7 9 9
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {
int value = arrli]; value = 3
intj=i; 7>3=>al2]=7
while (j > 0 && arr|[j - 1] > value) {
arr[j] = arr[j - 1];

j=2
. I T T T
}

~N

arr[j] = value; 7
} 5 7
i 5 7 9
5 7 7 9
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {
int value = arrli]; value = 3
intj=i;
while (j > 0 && arr|[j - 1] > value) {
arr[j] = arr[j - 1];

j=1
. I T T T
}

~N

arr[j] = value; 7
} 5 7
i 5 7 9
5 7 7 9
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {
int value = arrli]; value = 3
while (j > 0 && arr|[j - 1] > value) {
arr[j] = arr[j - 1];

j=1
. I T T T
}

~N

arr[j] = value; 7
} 5 7
i 5 7 9
5 5 7 9
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {
int value = arrli]; value = 3
intj=i;
while (j > 0 && arr|[j - 1] > value) {
arr[j] = arr[j - 1]; ]

j=20
I 7 | 5 | 9 | 3 | 8
}

arr[j] = value; 7
} 5 7
i 5 7 9
5 5 7 9
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {
int value = arrli]; value = 3
intj=i;
while (j > 0 && arr|[j - 1] > value) {
arr[j] = arr[j - 1]; ]

j=20
I 7 | 5 | 9 | 3 | 8
}

arr[j] = value; 7
} 5 7
i 5 7 9
3 5 7 9

al0] =3
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {
int value = arrli]; value =8
intj=i;
while (j > 0 && arr|[j - 1] > value) {
arr[j] = arr[j - 1];

j =4
. I T T T
}

~N

arr[j] = value; 7
} 5 7
} 5 7 9
3 5 7 9
3 5 7 9
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {
int value = arrli]; value =8
while (j > 0 && arr|[j - 1] > value) {
arr[j] = arr[j - 1];

j =4
. I T T T
}

~N

arr[j] = value; 7
} 5 7
} 5 7 9
3 5 7 9
3 5 7 9 9
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {
int value = arrli]; value =8
intj=i;
while (j > 0 && arr|[j - 1] > value) {
arr[j] = arr[j - 1];

j=3
. I T T T
}

~N

arr[j] = value; 7
} 5 7
} 5 7 9
3 5 7 9
3 5 7 9 9
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {
int value = arrli]; value = 8
intj=i; 7>8

while (j > 0 && arr|[j - 1] > value) {
arr[j] = arr[j - 1];

j=3
- I T T T
}

~N

arr[j] = value; 7
} 5 7
J 5 7 9
3 5 7 9
3 5 7 9 9
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {
int value = arrli]; value =8
intj=i;
while (j > 0 && arr|[j - 1] > value) {
arr[j] = arr[j - 1];

j=3
. I T T T
}

~N

arr[j] = value; 7
} 5 7
J 5 7 9
3 5 7 9
3 5 7 8 9
al|3] =8
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {
int value = arrli];
intj=i;
while (j > 0 && arr|[j - 1] > value) {
arr(j] = arr[j - 1];

} = Given the following array what is the time?
2l = value; .3 .7 . . 2 23
}

}
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {
int value = arrli];
intj=i;
while (j > 0 && arr|[j - 1] > value) {
arr(j] = arr[j - 1];

} = Given the following array what is the time?

o= value -3/ 7 . u | 2 23
}

}
Tm)=c;+cy+c3+-+¢y,
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {
int value = arrli];
intj=i;
while (j > 0 && arr|[j - 1] > value) {
arr(j] = arr[j - 1];

} = Given the following array what is the time?

o= value -3/ 7 . u | 2 23
}

Tm)=c;+cy+c3+-+¢y,
Tn)=c+c+c+:-+c
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {
int value = arrli];
intj=i;
while (j > 0 && arr|[j - 1] > value) {
arr(j] = arr[j - 1];

} = Given the following array what is the time?

o= value -3/ 7 . u | 2 23
}

}
Tm)=c;+cy+c3+-+¢y,
Tn)=c+c+c+:-+c

T(n) = c(n)
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {
int value = arrli];
intj=i;
while (j > 0 && arr|[j - 1] > value) {
arr(j] = arr[j - 1];

} = Given the following array what is the time?

o= value -3/ 7 . u | 2 23
}

}
Tm)=c+c,+c3++¢c,
Tn)=c+c+c+:-+c

T(n) = c(n)

O(n)
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Insertion Sort

void insertionSort(int[] arr) { Best case
for (inti=1;i<arrlength; i++) {
int value = arrli];
intj=i;
while (j > 0 && arr|[j - 1] > value) {
arr(j] = arr[j - 1];

} = Given the following array what is the time?

ik | T N TR N
}

Tm)=c+c,+c3++¢c,
Tn)=c+c+c+:-+c

Array already sorted!

T(n) = c(n)

O(n)
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {
int value = arrli];
intj=i;
while (j > 0 && arr|[j - 1] > value) {
arr(j] = arr[j - 1];

} = Given the following array what is the time?
2rrl] = value; .23 . 2. . 7 | 3
}

}
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {
int value = arrli];
intj=i;
while (j > 0 && arr|[j - 1] > value) {
arr(j] = arr[j - 1];

} = Given the following array what is the time?

o= value -z . 2. u 7 | 3
}

}
Tm)=c+2c,+3c3++ (n—1)cy_
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {
int value = arrli];
intj=i;
while (j > 0 && arr|[j - 1] > value) {
arr(j] = arr[j - 1];

} = Given the following array what is the time?

o= value -z . 2. u 7 | 3
}

Tm)=c+2c,+3c3++ (n—1)cy_

Tn)=c+2c+3c+-+ (n—1)c
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {
int value = arrli];
intj=i;
while (j > 0 && arr|[j - 1] > value) {
arr(j] = arr[j - 1];

} = Given the following array what is the time?

o= value -z . 2. u 7 | 3
}

Tm)=c+2c,+3c3++ (n—1)cy_
Tn)=c+2c+3c+:-+ (n—1)c

Tm)=c1+2+3+-+n-1)
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Rule

Insertion Sort

nn+1)
1+2+3++n=—"—
void insertionSort(int[] arr) { nn—1)
for (inti=1; i< arrlength; i++) { 1+2+3++tn—-1= >
int value = arrli];
intj=i;
while (j > 0 && arr|[j - 1] > value) {
arr(j] = arr[j - 1;
= Given the following array what is the time?

}

o= value -z . 2. u 7 | 3
}

}
Tm)=c+2c,+3c3++ (n—1)cy_

Tn)=c+2c+3c+-+ (n—1)c

Tm)=c1+2+3+-+n-1)
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Rule

Insertion Sort

nn+1)
1+2+3++n=——"
void insertionSort(int[] arr) { nn—1)
for (inti=1; i< arrlength; i++) { 1+2+3++tn—-1= >
int value = arrli];
intj=i;
while (j > 0 && arr|[j - 1] > value) {
arr(j] = arr[j - 1;
= Given the following array what is the time?

}

o= value -z . 2. u 7 | 3
}

}
Tm)=c+2c,+3c3++ (n—1)cy_

Tn)=c+2c+3c+-+ (n—1)c

Tm)=c1+2+3+-+n-1)

STUDENTS-HUB.com
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Rule

Insertion Sort

nn+1)
1+2+3++n=——"
void insertionSort(int[] arr) { nn—1)
for (inti=1; i< arrlength; i++) { 1+2+3++tn—-1= >
int value = arrli];
intj=i;
while (j > 0 && arr|[j - 1] > value) {
arr(j] = arr[j - 1;
= Given the following array what is the time?

}

o= value -z . 2. u 7 | 3
}

}
Tm)=c+2c,+3c3++ (n—1)cy_

Tn)=c+2c+3c+-+ (n—1)c

Tm)=c1+2+3+-+n-1)

STUDENTS-HUB.com
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Rule

Insertion Sort

nn+1)
1+2+3++n=——"
void insertionSort(int[] arr) { nn—1)
for (inti=1; i< arrlength; i++) { l+2+3+4n-1=—7
int value = arrli];
intj=i;
while (j > 0 && arr|[j - 1] > value) {
arr(j] = arr[j - 1;
\ i Given the following array what is the time?
i -hes T TS N N N
}
}
Tm)=c+2c,+3c3++ (n—1)cy_
Tn)=c+2c+3c+:-+ (n—1)c cn(n—1)
T(n) = 5
2
Tm)=c1+2+3+-+n-1) n2 — cn O(n)
T(n) ==
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Insertion Sort

Worst case

void insertionSort(int[J arr) { array is sorted in reverse order!

for (inti=1;i<arrlength; i++) {
int value = arrli];
intj=i;
while (j > 0 && arr|[j - 1] > value) {
arr(j] = arr[j - 1];

\ = Given the following array what is the time?
o= velues 23 2 | u . 7 | 3
}
} Tm)=c;+2c,+3c3++ (n—1)c,_4
Tn)=c+2c+3c+:-+ (n—1)c T()_cn(n—l)
n) = > ,
Tm)=c1+2+3+--+n—-1) cn? — cn 0(n”)
T(n) = >
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Insertion Sort

Average case

void insertionSort(int[] arr .
(int[] arr) { On average each element will travel the average of the array

for (inti=1;i<arrlength; i++) {
int value = arrli];
intj=i;
while (j > 0 && arr[j - 1] > value) {
arr[j] = arr[j - 1];
-
}
arr[j] = value;
}
}
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Insertion Sort

Average case

void insertionSort(int[] arr .
(int[] arr) { On average each element will travel the average of the array

for (inti=1;i<arrlength; i++) {
int value = arrli];

intj=i;
while (j > 0 && arr[j - 1] > value) { ¢, 2c, 3¢ (n—1)cpq
arr[j] = arrfj - 1; TW~st5 5 vt
=
c 2c 3c n—1)c
) T(n)z—+—+—+---+( )
arr[j] = value; 2 2 2 2
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Insertion Sort

Average case

void insertionSort(int[] arr .
(int[] arr) { On average each element will travel the average of the array

for (inti=1;i<arrlength; i++) {
int value = arrli];

intj=i;
while (j > 0 && arr[j - 1] > value) { ¢, 2c, 3¢ (n—1)cpq
arr(j] = arr[j - 1]; T~ v Tt
J--
c 2c 3c n—1)c
) T(n)z—+—+—+---+( )
arr[j] = value; 2 2 2 2
}
} 1
T(n)z§(1+2+3+---+n—1)
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Insertion Sort

Average case

void insertionSort(int[] arr .
(int[] arr) { On average each element will travel the average of the array

for (inti=1;i<arrlength; i++) {
int value = arrli];

intj=i;
while (j > 0 && arr][j - 1] > value) { ¢, 2c, 3¢ (n—1)c,_1
arr[j] = arr[j - 1]; T~ o+ttt
=
c 2c 3c n—1)c
) T(n)z—+—+—+---+( )
arr[j] = value; 2 2 2 2
}
} 1
T(n)z§(1+2+3+---+n—1)
1 n(ln—1)

T(n) = > (T)
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Insertion Sort

void insertionSort(int[] arr) {
for (inti=1;i<arrlength; i++) {

int value = arrli];

intj=i;

while (j > 0 && arr[j - 1] > value) {
arr[j] = arr[j - 1];
=

}

arr[j] = value;

STUDENTS-HUB.com

Average case

¢4  2¢, 3c3
T ~—
M~5+5+7
c 2c 3c

Tn) ~=+—+—++

2 2 2

1
T(n)z§(1+2+3+-

1 -1
T ~ 5 D)

n?—n
4

T(n) =

On average each element will travel the average of the array

(Tl — 1)Cn—1

2

(n—1)c
2

~+n—1)

0(n?)
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Lists

e A list is a finite, ordered sequence of data items known as elements
("ordered" means that each element has a position in the list)

We say that a; ., follows a;
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Lists

A List as an Abstract Data Type (ADT)

list is a sequence of items that supports at least the following
functionality:

e accessing an item at an arbitrary position in the sequence

* adding an item at an arbitrary position

* removing an item at an arbitrary position

* determining the number of items in the list (the list’s length)
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Lists

e Abstract Data Type (ADT)
specifies what a list will do, without specifying the implementation.

Operation

* Print List

Find element
Add element
Insert element

Delete element
Make null
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Lists

public interface Listable<T> {
void add(T element);

void insert(int index, T element);

T delete(int index); We did this in lab0

int find(T element);
void clear();

void print();
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Lists

public interface Listable<T> {
void add(T element);

This is a new method
T delete(int index);
int find(T element);
void clear();

void print();
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Lists

insert(2,100)

public interface Listable<T> {
void add(T element);

void insert(int index, T element);
T delete(int index);

47
it find(T element); I IELN [ J A S T
0 1 2 3 4 5

void clear();

void print();
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Lists

insert(2,100)

public interface Listable<T> {
void add(T element);

void insert(int index, T element);
T delete(int index);

47
it find(T element); I IELN [ J A S T
0 1 2 3 4 5

void clear();

void print(); Shift elements to the right
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Lists

insert(2,100)

public interface Listable<T> {
void add(T element);

void insert(int index, T element);
T delete(int index);

47
intfind(T element); I IEL R e R T EE R T
0 1 2 3 4 5

void clear();

void print(); Shift elements to the right
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Lists

insert(2,100)

public interface Listable<T> {
void add(T element);

void insert(int index, T element);
T delete(int index);

47
intfind(T element); N INELN I B R E R
0 1 2 3 4 5

void clear();

void print(); a[2] =100

STUDENTS-HUB.com Uploaded By: anofiymous



public void insert(int index, T element) {

|_| StS if (count >= data.length) {

reSize();

}

public interface Listable<T> {

void add(T element); it {index>= count) {

index = count - 1;

}

void insert(int index, T element);

if (index < 0) {
index = 0;

}

T delete(int index);

int find(T element);

for (int i = this.count; i > index; i--) { // shift
data[i] = datali - 1];

}

void clear();

void print();

data[index] = element;
this.count++;
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LinkedList

A linked list is a collection of nodes that together form a linear.

node: A compound object that stores the contents of the

node (Element) and a pointer or reference to the next node in
the list (next).

data

node

Pointer to
next node
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LinkedList

A linked list is a collection of nodes that together form a linear.

node: A compound object that stores the contents of the

node (Element) and a pointer or reference to the next node in
the list (next).

LinkedList

data data data

Pointer to Pointer to Pointer to null
next node next node next node
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LinkedList

A linked list is a collection of nodes that together form a linear.

node: A compound object that stores the contents of the

node (Element) and a pointer or reference to the next node in
the list (next).

Co o EER TR ——
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LinkedList

public class Node<T> {
public T val;
public Node<T> next;

public Node(T val) {
this(val, null);

}

public Node(T val, Node<T> next) {
this.val = val;
this.next = next;

}
}
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LinkedList

In a LinkedList we only need a reference to the first element (head/front)

public class Node<T> {
public T val; head/front

public Node<T> next;

ot o (s | SN, | EENT, | EE

}

public Node(T val, Node<T> next) {
this.val = val;
this.next = next;

}
}
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LinkedList

In a LinkedList we only need a reference to the first element (head/front)

public class Node<T> {
public T val; head/front

public Node<T> next;

ot o (s | SN, | EENT, | EE

}

public Node(T val, Node<T> next) { How do we reach third element?
this.val = val;

this.next = next;

}
}
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LinkedList

In a LinkedList we only need a reference to the first element (head/front)

public class Node<T> {
public T val; head/front

public Node<T> next;

blic Node(T val) {
" thistval, null) EEEE —EIEE —EFEE—

}
Node<Integer> nl = new Node<>(5);
public Node(T val, Node<T> next) { Node<Integer> n2 = new Node<>(10);
this.val = val; Node<Integer> n3 = new Node<>(1);
this.next = next;
} nl.next = n2;
} n2.next = n3;

Node<Integer> head = n1;
Node<Integer> thirdElement = head.next.next;
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LinkedList

In a LinkedList we only need a reference to the first element (head/front)

public class Node<T> {
public T val; head/front

public Node<T> next;

blic Node(T val) {
" thistval, null) EEEE —EIEE —EFEE—

}

public Node(T val, Node<T> next) { How do we reach 100th element?
this.val = val;

this.next = next;

}
}
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LinkedList

In a LinkedList we only need a reference to the first element (head/front)

public class Node<T> {
public T val; head/front

public Node<T> next;

blic Node(T val) {
" thistval, null) EEEE —EIEE —EFEE—

}

How do we delete ”10” (second element)?

public Node(T val, Node<T> next) {
this.val = val;
this.next = next;

}
}
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LinkedList

In a LinkedList we only need a reference to the first element (head/front)

public class Node<T> {
public T val; head/front

public Node<T> next;

public Node(T val) {

EEEE—EIEE— R —

this(val, null);
} / How do we delete ”10” (second element)?
public Node(T val, Node<T> next) {
this.val = val; ptr
this.next = next;
}
}
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LinkedList

In a LinkedList we only need a reference to the first element (head/front)

public class Node<T> {
public T val; head/front

public Node<T> next;

public Node(T val) {
this(val, null);

}

1
EEEE— ENEE—EE—

/ How do we delete ”10” (second element)?
public Node(T val, Node<T> next) {

this.val = val; ptr Node<Integer> ptr = head;
this.next = next; ptr.next = ptr.next.next;

}
}
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LinkedList

In a LinkedList we only need a reference to the first element (head/front)

public class Node<T> {
public T val; head/front

public Node<T> next;

public Node(T val) {
this(val, null);

}

1
EEEE— ENEE—EE—

/ How do we delete ”10” (second element)?
public Node(T val, Node<T> next) {

this.val = val; ptr Node<Integer> ptr = head;
this.next = next; ptr.next = ptr.next.next;

}
}

We didn’t need to shift anything!
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LinkedList

In a LinkedList we only need a reference to the first element (head/front)

public class Node<T> {
public T val; head/front temp

public Node<T> next;

public Node(T val) {
this(val, null);

}

ﬂ-—‘ 0 . -

/ How do we delete ”10” (second element)?

public Node(T val, Node<T> next) {

this.val = val; ptr Node<Integer> ptr = head;
this.next = next; Node<Integer> temp = ptr.next;
} ptr.next = temp.next;
} temp.next = null;

We didn’t need to shift anything!
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LinkedList

In a LinkedList we only need a reference to the first element (head/front)

public class Node<T> {
public T val; head/front

public Node<T> next;

public Node(T val) {
this(val, null);

}

N - IEE—

public Node(T val, Node<T> next) { /

this.val = val; ptr
this.next = next;

}
}
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LinkedList

In a LinkedList we only need a reference to the first element (head/front)

public class Node<T> {
public T val; head/front

public Node<T> next;
public Node(T val) {
o
this(val, null); N ENE

}
How do we insert ”3” (after “5”)?

public Node(T val, Node<T> next) {
this.val = val; ptr
this.next = next;
}
}
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LinkedList

In a LinkedList we only need a reference to the first element (head/front)

| temp
public class Node<T> {
public T val; head/front

\
public Node<T> next; n-
blic Node(T val) {
puthilg(vaci, r?ull)v;a “- >-

}
How do we insert ”3” (after “5”)?

public Node(T val, Node<T> next) {
this.val = val: ptr Node<Integer> temp = new Node<>(3);

this.next = next;

}
}
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LinkedList

In a LinkedList we only need a reference to the first element (head/front)

| temp
public class Node<T> {
public T val; head/front

\
public Node<T> next; n
public Node(T val) {
this(val, null); “- -

}
How do we insert ”3” (after “5”)?

public Node(T val, Node<T> next) {
ptr Node<Integer> temp = new Node<>(3);

this.val = val;

}
}
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LinkedList

In a LinkedList we only need a reference to the first element (head/front)

public class Node<T> { head/front temp

public T val; \n

public Node<T> next;

public Node(T val) { “ --
1

this(val, null);

}
How do we insert ”3” (after “5”)?

public Node(T val, Node<T> next) {
this.val = val: ptr Node<Integer> temp = new Node<>(3);

this.next = next; temp.next = ptr.next;
} ptr.next = temp;

}

We didn’t need to shift anything!
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LinkedList

In a LinkedList we only need a reference to the first element (head/front)

public class Node<T> {
oublic T val; head/front last

public Node<T> next; n 1
public Node(T val) {
this(val, null); 5 1

}

How do we insert ”10” (after “1”)?

public Node(T val, Node<T> next) {
this.val = val;
this.next = next;

}
}

STUDENTS-HUB.com Uploaded By: anofiymous



LinkedList

In a LinkedList we only need a reference to the first element (head/front)

public class Node<T> {
oublic T val; head/front last

public Node<T> next; n 1
public Node(T val) {
this(val, null); 5 1
How do we insert ”10” (after “1”)? -

}
public Node(T val, Node<T> next) { Node<Integer> temp = new Node<>(10);

this.val = val;
this.next = next;

}
}
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LinkedList

In a LinkedList we only need a reference to the first element (head/front)

public class Node<T> {
oublic T val; head/front last

public Node<T> next; n 1
public Node(T val) {
this(val, null); Il -\
}
How do we insert ”10” (after “1”)? -

Node<Integer> temp = new Node<>(10);
last.next = temp;

public Node(T val, Node<T> next) {
this.val = val;
this.next = next;

}
}
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Memory (Array)

Memory

Array

10
15
100
14
101

STUDENTS-HUB.com

Memory
1000 15 1400
1200 __— 10 1000
Head/Front /
1400 100 2000
1700 101 null
2000 14 1700
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Lists (Arrays vs LinkedList)

Insert at beginning
Insert at end

Insert at middle
Delete at beginning
Delete at end

Delete at middle
Find

Get Element at index
Print

Size

STUDENTS-HUB.com

O(n)
0O(1)
O(n)
O(n)
0(1)
O(n)
O(n)
0(1)
O(n)
0(1)

0(1)
O(n)
O(n)
0O(1)
O(n)
O(n)
O(n)
O(n)
O(n)
O(n)
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Lists (Arrays vs LinkedList)

Insert at beginning
Insert at end

Insert at middle
Delete at beginning
Delete at end

Delete at middle
Find

Get Element at index
Print

Size

Can we improve time complexity for items bolded in red?

STUDENTS-HUB.com

O(n)
0(1)
O(n)
O(n)
0(1)
O(n)
O(n)
0(1)
O(n)
0O(1)

0(1)
O(n)
O(n)
0(1)
O(n)
O(n)
O(n)
O(n)
O(n)
O(n)
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Lists (Arrays vs LinkedList)

LinkedList

ENEE— I — N

Size=3

Add size field and update it every time an element is added/deleted
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Lists (Arrays vs LinkedList)

LinkedList
head/first last
\ o
5 | pnd 10 | papmg 1| g
Size =3

1. Add size field and update it every time an element is added/deleted.
2. Add last pointer that points to the last element!

1. Now we can add a new node to the end in O(1)

2. We can delete an element from the end in O(1)
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LinkedList (Implementation)

public class LinkedList<T> {
Node<T> first;
Node<T> last;

| | \ o
int count;
EEEE I —FEE—
public LinkedList() {
first = last = null; Size=3
count =0;
}
}

head/first last
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LinkedList (addFirst)

head/front last

\‘ﬂ- *1-—> nul

STUDENTS-HUB.com Uploaded By: anofymous



LinkedList (addFirst)

head/front last

\‘ﬂ- *1-—> nul

N
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LinkedList (addFirst)

head/front last

|

> IEE — nu

--/ node next = first;
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LinkedList (addFirst)

head/front last
’ 1

5| > IEE — nu

i/
node.next = first;

first = node;
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LinkedList (addFirst)

What if it’'s empty?

head/front
last

N

first = last = node;
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LinkedList (addFirst)

public void addFirst(T object) {
Node<T> node = new Node<>(object);
if (count ==0) {
first = last = node;
} else {
node.next = first;
first = node;

}

count++;

}
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LinkedList (getFirst)

public T getFirst() {
if (count ==0) {
return null;

}

return first.val;

}
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LinkedList (addLast)

head/front last

\‘ﬂ- *1-—> nul
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LinkedList (addLast)

head/front last

\‘ﬂ- *1-—> nul

N
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LinkedList (addLast)

head/front last

\‘ﬂ- 1

EN

last.next = node;
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LinkedList (addLast)

head/front

\n- N

N

last.next = node;
last = last.next;
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LinkedList (addLast)

What if it’'s empty?

head/front
last

N

STUDENTS-HUB.com Uploaded By: anofiiymous



LinkedList (addLast)

public void addLast(T object) {
Node<T> node = new Node<>(object);

if (count == 0) {
first = last = node;
} else {

last.next = node;
last = last.next;

}

count++;
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LinkedList (getlLast)

public T getlLast() {
if (count ==0) {
return null;

}

return last.val;

}
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