Dr. Vishwanath Karad

MIT WORLD PEACE
MIT WPU UNIVERSITY | PUNE

1 fRreremf=reda sqar 11 TECHNOLOGY, RESEARCH, SOCIAL INNOVATION & PARTNERSHIPS

Data Structures (CSE2PMO1A / AID2PMO01A)

S.Y.B. Tech CSE/ AIDS Semester — 3

DEPARTMENT OF COMPUTER ENGINEERING & TECHNOLOGY




7N .
mawmst | near Data Structures

11 fgrenf=agfa gar 1

Linear Data Structures: Array as an Abstract Data Type, Sequential Organization, Storage
Representation and their Address Calculation: Row major and Column Major, Multidimensional Arrays:
Concept of Ordered List, Single Variable Polynomial: Representation using arrays, Polynomial as array
of structure, Polynomial addition, Polynomial evaluation and Polynomial multiplication. Sparse Matrix:
Sparse matrix representation using array, Sparse matrix addition, Transpose of sparse matrix- Simple
and Fast Transpose, Time and Space tradeoff.
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= Array as an Abstract Data Type
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‘Array Is set of pairs — index and value.
Array

For each index, there Is a value
associated with It.

Indices:

‘Arrays are often stored in consecutive

3] 8| 1| @] 5]-2|32
set of memory locations. 6 1 2 3

‘Mainly two operations perform on
array are retrieve and store values.



;; Array as an Abstract Data Type
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The function CREATE produce a
new empty array.

structure ARRAY (value, index)

Declare CREATE() -> array ~ RETRIEVE takes as input an array
RETRIEVE(array index) -S> and an index and either returns the
value ’ appropriate values or an error.
_ - STORE is used to enter new index-
STORE(array, index, value) -> value pairs
array,

for all A € array, i, j € index, x € value let
RETRIEVE(CREATE() , i) ::= error
RETRIEVE(STORE(A, i, X) , j) ::= val
end

end ARRAY



MIT-WPY Sequential Organization

‘In sequential organization, elements are stored in consecutive memory
locations. Ex- array

‘Properties of sequential data structure are:

- Simple to use

- Simple to define

- Constant access time

- Mapping by compiler
‘An array element can be accessed by a[i] where a is the name of the
array and i is the index.



MIT-WPY Sequential Organization

‘Compiler maps aJi] to its physical location in memory.

‘Address of ali] is given by
- starting address of a +1 * size of array elements in bytes

This mapping Is carried out in constant time, irrespective of which
element Is being accessed.

Limitations:
- Size of an array is defined at the time of programming

~ Insertion and deletion is time consuming
- Requires contiguous memory



Memory Representation and
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=== Address Calculation

1-D Array
- 1-D array is a list of elements or simply a row of elements.
- In mathematic, we often deal with variable that are simple scripted

Where x; refers to the it element of x variables can be expressed as — x[0],
X[1], .... X[4] .

Z:r =7 +Fa +F3 + Fa



Memory Representation and
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=== Address Calculation

Example: 1-D array A[7] where A Is array name and 7 Is size.

Syntax: int A[7];
e

0] 10 1024
1] 20 1028
2] 30 1032
3] 40 1036
[4] 50 1040
5] 60 1044
6] 70 1048




Memory Representation and Address

M'le‘!!;’” Calculation

~Address of 15t element of an array is called Base
Address (BA).

- Address of ith element = BA+ offset of the it" element from
BA

- Where offset =( number of element before it" element)* size of each
element

Ex: consider an array : int a[10]; and BA = 403, size of element = 4
bytes. Calculate address of a[3]?

a[3] = 403 + (3*4) = 403 + 12 = 415



Memory Representation and Address

M'f;'lﬁ!!;” Calculation

2-D Array

- 2-D arrays can be thought of as a table consisting of rows and
columns.

Itis also called as matrix.

- 18t dimension is referred as row and 2" dimension is referred as
column.

- The elements of 2D array may be arranged either row wise or
column wise.



Memory Representation and Address

M';Em?;’” Calculation

‘EX: Iint a[3][4]; //declares an integer array of 3 rows and 4

columns
T N N
Row 0 a[0][0] a[0][1] a[0][2] a[0][3]
Row 1 a[1][0] a[1][1] a[1][2] a[1][3]
Row 2 a[2][0] a[2][1] a[2][2] a[2][3]

In memory, all elements are stored linearly using contiguous
addresses.
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Memory Representation and Address

Calculation

|In orde

In com

matrix,

space must be mapped to

1D adc

r to store 2D
a 2D address

reSS space.

outer memory,

Row-major order

3
3
3

Column-major order

matrices are stored In R T T
either row-major form or
column-major form.




Memory Representation and Address

M'Qlﬁ?;” Calculation

‘Column-major representation:

If the elements are stored column-wise manner then it is
called column major representation.

int A[3][4]; Column-major:
1 2 3 4 1 4 7 10
A=1s5 |6 |7 |8 A= 5 8 11

9 10 11 12 3 6 9 12




Memory Representation and Address
Calculation
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* Address of an element g; (row-major)
=BA+(row_index*total no of col+col _index)*S; or
B+(-L1) *(U2- L2+1)*S+(j—L2)*S
- Where B = base address
= L1 & U1 are lower and upper bound values for rows
= L2 & U2 are lower and upper bound values for columns
= S is Number of bytes taken to store element

* EX: int a[3][4]; BA = 100; S=4 bytes; Find location of a[2][1] row-

wise?
A[2[l] =100+ (2-0)*(3-0+1)*4+(1-0)*4  100+(2*4+1)*4
=100+2*4*4+4 100+36
=100 + 32+ 4 136
=136



Memory Representation and Address

MY Calculation

- Address of an element a; (column-major) =

BA+(col _index*total no_of row+row index)*S; or
*B+(-L2) *(Ul-L1+1)*S+(1—-L1D*S
= Where B = base address
= L1 & U1 are lower and upper bound values for rows
= L2 & U2 are lower and upper bound values for columns
= S Is Number of bytes taken to store element

- Ex: int a[3][4]; BA = 100; S=4 bytes; find location of a[2][1] col-

wise?
A[2][1]1=100+ (1-0)*(2-0+1)*4+(2-0)*4 100+(1*3+2)*4
=100+1*3*4+8 100+20
=100+ 12+ 8 120
=120




20, Row -major and Column -major
MTWPU  Aq[ress

Example:
int a[3][4],Base address 1050 s=4,find a[2][3] in row major and column major representation

Row-major :

A[2][3]=1050+(2*4+3)*4
= 1050+44
=1094

Column-major:

A[2][3] =1050+(3*3+2)*4
= 1050+44
=1094



MIZEY  Multidimensional Array

> In C/C++, multidimensional arrays can be used as array of arrays.
> Data in multidimensional arrays are stored in tabular form (in row major
order).
> Declaration
» General form of declaring N-dimensional arrays:
> data_type array_name[sizel][size2]....[sizeN];
e.g. int a[5][10][20];
> Size of multidimensional arrays
» Total number of elements that can be stored in a multidimensional array can be
calculated by multiplying the size of all the dimensions.
> int a[5][10][20];
» 1000 elements in an array ‘a’.



7N\ Memory Representation and Address
Calculation (row-major)
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'a[ 1[S,]...[S\]
ciress of an element a;
Address of a[l,][L,]. . . .[I] = B + WH[((E,S, + E, )S, +E;)S, ..... +
En-1)Sh + Enl

« Where B = base address
: W represents the size of an element in bytes

IS given by E; = I, —t, where |, and t, are the calculated indexes (indices of array
eI'ement which needs to be determlned) and lower bounds respectively.
=S5, S, S, i, S are dimensions
N P P PO |y are indices of the element whose address needs to be
calculated



7N\ Memory Representation and Address
= Calculation (row-major)
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-Example
-int A[10][20][30][40] with base address 1200

- Find the address of element A[1][3][5][6]
-B=1200and W=4,S,=10,S,=20,S,=30, S, =40
= Lower bounds is zero.

:A[l][3][5][6] = 1200 + 4(((1 x 20 + 3)30 +5)40 + 6) = 112424



Memory Representation and Address

MIT-WP Calculation (column-major)

“Address of a[l,][l;]. . . .[Ix] =B + W7[((...ENSnat Ency )Shz - E3)S,t
E,)S; +E4]
-Example
-Int A[10][20][30][40] with base address 1200

- Find the address of element A[1][3][5][6]
B=1200and W=4,S,=10,S,=20,5S;=30,S,=40
= Lower bounds is zero.
-E,=1-0=1
-E,=3-0=3
-E,;=5-0=5
-E,=6-0=6
Allllla]- - N =B+ WI((-..EnSnat Enag )Snz +--- B3 )Sot B3 )S; +Ey]
- A[1][3][5]]6] = 1200 + 4(((6*30+5)20+3)10+1) = 149324



Concept of Ordered List

> One of the simplest and most commonly found data object is the ordered or linear list.
> Examples
> Days of the week
> (MONDAY, TUESDAY, WEDNESDAY, THURSDAY, FRIDAY, SATURDAY, SUNDAY)
» The values in a card deck
> (2,3,4,5,6,7,8,9, 10, Jack, Queen, King, Ace)
> If we consider an ordered list more abstractly, we say that it is either empty or it can be written as
» (al,a2,a3, ...,an)
> where the ai are atoms from some set S.
> There are a variety of operations that are performed on these lists.
find the length of the list, n;
read the list from left-to-right (or right-to-left);
retrieve the i-th element, ;
store a new value into the i-th position, ;
insert a new element at position causing elements numbered i, i+ 1, ...,n to become numbered i+ 1,
i+2,..,n+1;
delete the element at position causing elements numbered i + 1, ...,n to become numbered i, i + 1,
.., n-1.

V. VVVVY
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7.  Representation of Ordered List using
M an Array

> Associate the list element a, with the array index i.
> This we will refer to as a sequential mapping
» Using the conventional array representation we are storing a, and a, , , into consecutive locations i
and i+ 1 of the array.
> Retrieve or modify the values of random elements in the list is done in a constant amount of time.




iy Representation of Polynomials using
mit-wpy  allfadysS
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‘Polynomial is one of the classic example of an Ordered List.

‘An ordered list Is set of elements where set may be empty or it
can be written as a collection of elements such as (a,, a,,
as,.....,a,), where a, are atoms from some set S.

‘A polynomial is the sum of terms where each term consists of
variable, coefficient and exponent.

Ex: AX) =3x2+ 2x + 4 and B(x) = x4+ 10x® + 3x* + 1



7IN\. Representation of Polynomials of Degree n
MIT-wpu 1IN an array
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‘We have a Polynomial-
Cog XML+ C, XM2+ . + C X0

‘Polynomial with n terms can be represented by the ordered list of
length 2n+1

(n, (power, coeff), (power, coeff), ........ )
EX: x3+ 5x? + 9 can be represented as —

8.3, (25, 09) o pEFAEPEEE O

X*+59x+10

3631, (1,59). 0. 10) or PR P PR T



iy Representation of Polynomials
mamme A (X, V)
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If the polynomial has m non-zero terms then the polynomial can
be represented as an ordered list of 3m + 1 terms.

m, power of x, power of y, coeff, power of x, power of y, coeff,

W\/\M

15t term 2nd term

18t entry is the number of non-zero terms. For each term, there
are 3 entries- an exponent of x, y and coefficient triple.



Representation of Polynomials
A(X,Y)

3x3y? + 10xy -1
(3,3, 2,3),(,1,10), (0,0, -1)

iy e sy

11 fgrenf=agfa gar 1

OR
X X S N S S T N R
X2+5xy+y2-y-X
(5, (2,0,1), (1,1,5), (0,2,1), (0,1,-1), (1,0,-1))

OR
5 |2 o 1115 Jo ]2 1 0 1 100 0 1



. Representation of Polynomials A
WA
MIT-WPU (X1 Y, Z)
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If the polynomial has m non-zero terms then the polynomial
can be represented as an ordered list of 4m + 1 terms.

m, power of X, power of y, power of z, coeff, power of x, power of y, power of z coeff,

18t term 2"d term

1St entry is the number of non-zero terms. For each term, there
are 4 entries- an exponent of x, y, z and coefficient.



Representation of Polynomials A
(X, Y, 2)

iy e sy
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5x3y?z + 3x2y3z2 + 6xyz3 + 10
4,3,2,1,5),(2,3,2,3),(1,1, 3,6), (0, 0,0, 10))
OR
4 3 ]2 |1 (5 /2 (3 (23 ]1]1 (3 [6 0 0 [0 |10
-8x3y3z73 + 10x3y?z + 5xyz? + 10
(4, (3,3,3, -8), (3,2,1, 10), (1,1,2,5), (0,0,0,10))

OR
4 13 (3 3 |83 12 1 (101 112 5 0 0 0 10



Addition and Evaluation of
Polynomials
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Add A(X) =3x2+2x +4and B(x) = x4+ 10x® + 3x° + 1
Result C(x) = x* + 10x3 + 5x% + 2x + 5

‘While storing the polynomials in the arrays, we have to store
them in the descending order of the exponents.



Adding Polynomials

Horizontal Method
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(/l3 2 3 n
U '

[
N’

—,

“4x°+x* -7 —6

Vertical Method

4%x° +x* —-5x -7
—8x° —2x +1




Add the polynomials.

L 1) (6x° —4x+3)+(9x° +6x —11)
2) (Ty* +9y’ —6)+(3y’ ~10y’ —8)

3) 4x° —5x +2 4) 6m —2m° +m
3x* —4x —7 —Tm+10

(x> =9x -5 @




Representing Polynomial using array of
Structure
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Consider polynomial A(x) = 2x1990 + 1, representing using array of

structure: T coett Expo

#define Max_Terms 100; 0] 5 1000

: [1] 1 0
struct polynomial

{

Int coef;
Int exp;

¥

tiiedef struct iolinomial ioli|Max Terms|;



Polynomial Addition

MIT-WPU
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P1(X) =3x2+2x +4
} P3(X) = x*+ 10x3 + 6x% +5
1

P2(x) = x* + 10x3 + 3x? -2X +

Case 1: exponent of p1 > exponent of p2
copy term of pl to end of p3.
[go to next term in pl]

Case 2: exponent of p1 < exponent of p2
copy term of p2 to end of p3.
[gO to next term in p2]

Case 3: exponent of p1 = exponent of p2
copy term in p3 with the same exponent and with the sum of the coefficients of p1 and

p2.
[go to next term in pl & p2]




Algorithm polyadd (p1, p2, max1, max2)

while(i < max1) M
=)= k=0; s
{ { MIT WPU
hile (i 1&& | 2 e

\éVle(|<max ] < max2) 03[k] = pi[il:
{if pl[i].exp > p2[j].exp K++:

p3[K] = p1[i]; I++:

k++: 1++;
}I f } Ilwhile

if( pd[i]. 2[j].
?se If( p1[i].exp < p2[j].exp) while( | < max2 )

p3[K] = p2[j]; {

K++;  J++;
} = 1
else // same exponents p3k] = p2[l];
{ temp = p1[i].coef + p2[j].coef; K++:

if(temp 1= 0) _

{ p3[k].exp = p1[i].exp: J*t;
3[K].coef = temp; :
Iio+-|[;] j+H+; k++p; } lwhile



wr-weu Evaluation of Polynomial

"Evaluating” a polynomial is the same as evaluating anything
else: you plug in the given value of x, and figure out what the
answer will be, or, in some cases, what y IS supposed to be.
For instance:

Evaluate 2x3 —=x2—=4x +2 atx=-3
Plug in —3 for x, remembering to be careful with parentheses and
negatives:
2(—3)3 (—3)2—-4(-3) + 2

= 2(-27)—-(9) +12 + 2

—54 -9+ 14

—-63+ 14

—-49

W
o]



=mewe  Evaluation of Polynomials
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‘Algorithm Eval Poly
- Step 1: Read the polynomial array A

- Step 2: Read the value of x
- Step 3: Initialize the variable sum to zero

- Step4: calculate coeff * pow(X, exp) of each term and add the
result to sum

- Step 5: display sum
- Step 6: end




i
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MY Polynomial Multiplication
* Given polynomials A(x), B(x) > Polynomial 1:
A(X) =ag+aX+ax% + ...+ ax" . Pi %Z:rmlanzzfr OXAL + 5
B(X) - bo 3 b1X + bZXZ S N mem > 4X2 + 2X1 _|_ 1

* Find their product C(x) = A(x) B(x) > Multiplication of Polynomials 1 & 2:
2 - > 24x° + 52x* + 26x3 + 30x% + 10x* + 5
C(X) o= C() T C1X + sz + ....+ Cm+nx

* Given ay, ..., a,and by, ..., b find ¢, ..., C.in

— Natural to use an array of n+1 elements to store the coefficients of a degree n
polynomial.

* Algorithm idea:

— Each term axx' in A(x) will multiply each term b/ in B(x) and the product a;bx™
will contribute to thentepm gysxfed: arays



Algorithm polymultiplication (p1, p2, max1, max2)

¢ 1=j=k=0; MIT-WPU
! 11 RerenfRigd g 11
while (1 < max1){
1=0;
while( j < max2) else{
{ p3[K].exp = exp;
temp = p1[i].coef * p2[j].coef; p3[k].coef = temp;
If(temp !=0) jr+, ket
{ flag=0; 1
exp = p1[i].exp + p2[j].exp; Y // end if

for(x = 0; x < k; x++){

if(exp == p3[x].exp){ } /I 'end while
flag = 1; I++;
break; } } /' end while
}
If(flag == 1){
p3[x].coef = p3[x].coef + temp;
j+;

}



MU Representation of sparse matrix

11 fgrenf=agfa gar 1

~A matrix contains m rows and n columns of elements.

I CN RN
AR

RowO
RowO

T T Rwl 0 11 3 0 0 0
) Rw2 0 0 O 6 0 0
Row2 109 -64 11 —

w 0 0 0 0 0 0

Rw3 12 8 9
reE o e Rwd 91 0 0 O 0 0
RWS 0 0 28 0 0 0

matl(5*3)

mat2(6*6)

“We write m*n to designate a matrix with m rows and n columns



—aeme  Representation of sparse matrix
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In matl contains 15 non-zero elements but in mat2 contains 8
non-zero elements.

~Any m*n matrix which contains a large number of zeros is
called as sparse matrix.

- We can characterize uniquely any element within a matrix by
using the triple <row, col, value>.

- We can use an array of triples to represent a sparse maitrix.
~An array of triples called as compact form.




—aeme  Representation of sparse matrix
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- Each triple contains row, column and value of the non-zero
elements.

- The first row of compact form contains number of rows, no of
columns and number of nonzero elements of original sparse
matrix.

~If sparse matrix contains ‘t' non-zero elements, then the
compact form has t+1 rows and 3 columns.



MJ Sparse matrix in triplet form
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B O N 2 T N T N T

Row0 oo ° °
Row1 0 11 3 0 0 0 Row1 0 0 15
Row2 0 0 0 6 0 0 Row2 0 3 22
Row3 0 0 0 0 0 0 Row3 0 5 -15
Rowsd 91 O 0 0 0 0 Row4 1 1 11
Rows 0 28 0 0 0 Rows 1 2 3
Row6 2 3 -6
Matrix1[6][6] Row7 4 0 91
Rows8 5 2 28
Matrix2[9][3]



Sparse matrix in triplet form
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‘Matrix1 is a normal matrix and Matrix2 is a compact form of
Sparse matrix stored as triples

'RowO of compact form matrix contains total number of rows,
columns and non-zero elements of sparse matrix.

In Normal matrix representation:
6*6*2(*)= 72 bytes are required for storage.
In Sparse matrix (Triplet) representation:
(8+1)x3x2(**) = 54 bytes are required for storage.

(** 2 bytes are required to store integer value in 32 bits
compiler)



Algorithm compact(A,m,n,B) -mmmmmm

{ /Im and n are tot. no. of rows. & cols. of original matrix Al0]
B(0,0)=m;
B(0.1)=n AlL] o 11 3 0 0 0 MI;I;?PU
k=1; A2 o o o0 6 0 © e
{for i=0 tom Al3] 0 0 0 0 0 o
_ Al4] 1
forji=0ton ’ ° ° ° ° °
( AlS] 0 0 28 0 0 0
HAL1)=0) -
{ Sk B{0] 6 6
B(k,1)=j; B[1] 0 0 15
B(k,2)=A(,)); B[2] 0 3 22
K++; B[3] 0 5 -15
} llend forj =
1 Jjlend for | ” 1 1 1
\ B[5] 1 2 3
B(0,2)=k-1; B[6] 2 3 6
} B[7] 4 0 91
B[8] 5 2 28

ﬂ
(]
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== Slmple Transpose

Transpose is an operation which exchanges rows and columns.

For Example:




MIT wpu

== Slmple Transpose

Transpose of Sparse Matrix

No, in a matrix values needs to stored
sequentially(row & column wise)

Exchanging rows and
columns

o
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== Slmple Transpose

Now we will see how to find out simple transpose of sparse matrix.

1.Traverse Second column of sparse matrix

2.Search for column indexes in sequence from
0 to number of columns-1

3.Copy the rows (from 1 to number of non-zero
terms) in sequence to transpose matrix.




iy Simple Transpose of Sparse
MIT-WPU Matrix

T T I 2 TN

RowO ~—” RowO

(@) (b)

(a) shows a sparse matrix and (b) shows its transpose stored as triples.




iy Simple Transpose of Sparse
e Matrix
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‘Transpose of a matrix is obtained by interchanging rows and columns.

In‘another way, we can say that element in the I, ] position gets put in
the |, 1 position.

But this Is not the case with sparse matrix triple form.

‘To find transpose of sparse matrix triple form, find all elements in colO
and store then in row0 of the transpose matrix, find all elements in coll
and store then in rowl of the transpose matrix, and so on.

‘Since the original matrix ordered the rows, the columns within each

row of the transpose matrix will be arranged in ascending order as
well.



Algorithm of Simple Trem e aEEEREams

WA .
mrweo  Sparse Matrix T T

3 0 0 0
Algorithm Transpose(A,B) o O OB O IS O e
/I A'is a matrix represented in sparse form. B is set to be its Al vle g < 0 0
transpose. Al4] 91 0 0 0 0 0
1 (m,n,t) :=(A(0,0), A(0,1), A(0,2)) ALl 0 28 0O 0 0
200 B0, BO.2) = VY -
3 if t<=0thenreturn  //check for zero matrix (0] - 2

4 q:=1 //q 1s position of next term in B - 0 . 5

5 forcol:=0tondo //transpose by column . . ; .

6 for p:=1totdo //for all nonzero term do

7 if A(p,1) = col then  //correct column el 0 5 -15

8 {(B(0,0), B(q,1), B(0,2)) := (A(p,1), A(p,0), A(p,2))  ° 1 1 11

9 g:=g+1} B[S] 1 ) 3

10 end B[6] 2 3 6

11 end p— 4 0 o1

12 end Transpose - : , s

(€)1
iy



_ Difference between Fast and
Simple Transpose
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Time Complexity of Simple Transpose
= O(n*t)

Time Complexity of Fast Transpose
=0(n+t)




MIT wpu

= Fast Transpose

Transpose of Sparse Matrix

Exchanging rows and
columns

o

Yes, because row and column indices are in
seguence.




MIT-WPU

= Fast Transpose

Now we will see how to find out fast transpose of sparse matrix.

9

N

3

N NN PP PO O O|W

N PO NP IOIDN P O|W

Ww| 0| I N = |0 b

(6]
ﬂ

1.Calculate frequency of each column value

2.Use frequency of each column value to find
location of each row in transpose matrix.

[Transpose

3.Copy row containing first zero at location zero.




; Fast Transpose of Sparse Matrix
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‘Time complexity of simple transpose, is O(columns*elements)

‘We can transpose a matrix as a sequence of triples in time (columns +
elements)

‘Fast_Transpose proceeds by first determining the number of elements
In each column of A

‘This gives us the number of elements in each row of B. From this
iInformation, the starting point in B of each of its rows is easily
obtained.

‘We can now move the elements of A one by one into their correct
position in B.



MJ Fast Transpose of Sparse Matrix
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(a) shows a sparse matrix and (b) shows its transpose stored as triples.



-
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Algorithm of Fast Transpo¢..

711\, G
ilisass siasili M i Row 0 0 15
wrweo oparse Matrix 1
11 fgrenf=agfa gar 1
procedure FAST_TRANSPOSE(A,B) Row3 0 5 15
/Il A 'is a matrix represented in sparse form. B'is set to be its transpose. tis non-zero terms Rowd 1 1 11
declare S(n), T(n); /llocal array
1 (m,n,t) := (A(0,0), A(0,1), A(0,2)) D 1 2 3
2 (B(0,0), B(0,1), B(0,2)) := (n,m,t) Row6 2 3 6
3 if t<=0 then return //check for zero matrix fow?
4 fori:=0to n do S(i) :=0 end 4 0 91
5 foriz=1totdo /IS(K) is the number of elements in row k of B Row8 5 2
g eng(A(i, 1)) :=S(A(@, 1))+ 1 //elements in row k of B -
8 T(0):=1 //T(i) is the starting position of row i in B RowO 6 6
9 fori:z=1tondo Row1l 0 0 15
10 T =TG-1)+S(>-1)
11 end row2 0 & 21
12 fori:=1totdo //Imove all t elements of A to B// Row3 1 1 11
13 ] = A@1,1) /lj is the row in B// Row4 2 1 3
14 (B(T()),0), B(T(j),1), B(T(j),2)) := (A(i,1), A(i,0), A(i,2)) //store in triple// fou
15 TG) :=T() + 1 /lincrease row j to next spot// o 2 > 28
16 end Row6 3 0 22
17 end FAST_TRANSPOSE Row? 3 5 P




YN - .
s Additions of two Sparse Matrices
oo Jcon Jcon

BN BT — o6 s
—)  Row0 =—>  Row0 —3  Rowl 0 0 ]30
—> Rwl o0 0 15 —) Rowl o 0 15 — 0 3 22
=)  Row2 0 3 22 —) FRow2 4 91 —) Row3 0 4 91
=)  Row3 0 5 -15 + —_) Row3 1 1 11 = | Row4 0 5 -15
—)  Row4 1 1 11 —_ Row4 2 1 3 Row5 1 1 22
—)  Row5 1 2 3 y B 2 -6 , Rowt 1 2 3
—>  Rowé 2 3 -6 y Row? 2 1 3
—> Rw? 4 0 91
Row8 2 3 -6
=)  ROWS8 5 2 28
: Row9 3 2 -6
»  Rowl0 4 0 91
—) Rowll 5 2 28

)]
(o]
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Algorithm-Addition(a;b.c)

1Y)

//la and b are two sparse matrices in compact form. C is the resultant sparse matrix in compact form.
if a(0,0) = b(0,0) and a(0,1) = b(0,1)
if t1=0 and t2 = O then stop
c(0,0) =a(0,0) ; c(0,1) =a(0,1) ;
End
izj=k =1
while (i<=1t1 and j <= t2)
Case A : a(i,0) = b(,0) // row position
Case l:a(i,1)=Db(,1) //col position
temp = a(i ,2) + b(j ,2)
iftemp !=0
c(k,0)=a(, 0)
ckk,1)=a(,1)
c(k, 2) =temp
k =k+1
end if
| =1+1; j5j+1;
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Case 2:ifa(i,1)<b(, 1)
c(kk,0)=a(,0)
ck,1)=a(,1)
ck,2)=a(, 2)
k = k+1
I=i+1

Case 3: ifa(i,1)> b(, 1)
ctkk,0)=Db( ,0)
ckk,1)=b(, 1)
ck,2)=b(],?2)
k = k+1
j=j+1

Case B :ifa(i,0) <b(, 0)
c(kk,0)=a(,0)
ckk,1)=a(,1)
ck,2)=a(i,2)
k = k+1
i=i+1



\ Algorithm - Addition of Sparse
Matrix

N e g 1
Case C: ifa(i,0)> b(,0
c(k,0)=Db( ,0)
ck,1)=Db(, 1)
ck,2)=Db(j,?2)
k = k+1
j =i+
end while
while (i <=11)
{
c.=a
| ++; k++;
}
while (j <= t2)
{
c:=b
j ++; k++;
}
c(0,2) = k-1
end Addition
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What Is sparse matrix? List the applications?

Represent sparse matrix with suitable data structures?
Explain with example simple and fast transpose?

Explain sequential memory organization with suitable
example?

Explain row major and column major representation of a
matric? Show address calculation with example?
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Find out the addition of two sparse matrices in triplet form and also find Simple and Fast

ranspose? 4[5 [c MG |5 6

0O 3 7 0O 3 5
0 4 6 1 3 8
1 4 4 1 4 45
2 1 8 2 3 4
: . . 3 2 45 3 2 45
Represent the following polynomial using array: ERE
3x3y2+10xy4+10x+1 4 4 21
21+x4-5x7+18x68
5x2+10xy+y2+20

5x3y2z+3x2y3z2+6xyz3+10
10x3y2z-8x3y3z3+5xyz2+10
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Each element of an array Data[20][50] requires 4 bytes of storage. Base
address of data is 2000. determine the location of Data[10][10] when the
array Is stored as 1) row major and i) column major?

Consider the liner array A(5:50). BA=300 and the number of words per
memory cell is 4 bytes. Find address of A[15]?

Consider int arr[4][5]. BA=1020. Find the address of arr[3][4] with row-
major and column major representation?

Consider int arr[5][4]. BA=510. Find the address of arr[3][2] with row-major
and column major representation?
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Each element of an array Data[20][50] requires 4 bytes of storage. Base
address of data is 2000. determine the location of Data[10][10] when the
array Is stored as 1) row major and i) column major?

Consider the liner array A(5:50). BA=300 and the number of words per
memory cell is 4 bytes. Find address of A[15]?

Consider int arr[4][5]. BA=1020. Find the address of arr[3][4] with row-
major and column major representation?

Consider int arr[5][4]. BA=510. Find the address of arr[3][2] with row-major
and column major representation?



MTweU - Examples

A farmer must add the areas of two plots of land to determine the
amount of seed to plant. The area of plot A can be represented by 3x?
+ 7x — 5, and the area of plot B can be represented by 5x% — 4x + 11.
Write a polynomial that represents the total area of both plots of land.

(3x? + 7x —5) Plot A.
+ (5x° — 4x + 11) Plot B.
8x2+ 3x+ 6 Combine like terms.



1) X+ 2 2)

3
9 5
6 X + 2
% + 5 3X+ 7
QX9 +3x+D D)D)
12x+30+3x+6 27x+63-5x—-10




Write an expression that represents the area of
the shaded region in terms of x.

1) 3x°—2x 2)
5

2x* +4

8 x°—8

6x>+5x
7(6X +5X)+5(3X —2X) 8@34)—?&2/—8)
42X +35X+15X —10x 16x* +32 —3x* +24




Add or subtract.
1.7m?2 +3m +4m? 11m? + 3m

. (r2 +s2) - (5rF + 4s2) _4p2 - 32

2
3. (10pg + 3p) + (2pg - 5p + 6pq) 18pg - 2p
4. (14d°-8) + (6d°-2d + 1) >042- 24 - 7

5. (2.5ab + 14b) - (-1.5ab + 4b) 4ab + 10b




6. A painter must add the areas of two walls to
determine the amount of paint needed. The area
of the first wall is modeled by 4x2 + 12x + 9,
and the area of the second wall is modeled by
36x%2 - 12x + 1. Write a polynomial that
represents the total area of the two walls.

40x2 + 10




Practice Assignments
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Implement Array as an Abstract Data Type using Sequential
Organization?

‘Representation of Polynomials using arrays and perform
operations
~ Addition of two polynomials

- Evaluation of Polynomial



L Takeaway
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‘Study the concept of Sequential Organization and its Memory
Representation and Address Calculation.

Learn Representation and operations of polynomial such as
Addition and Evaluation.

‘Study and implement sparse matrix concept and operations
such as Simple Transpose, Fast Transpose and Addition
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