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Introduction: Data Structures, Classifications (Primitive & Non-Primitive).

Pointers and Dynamic Memory Allocation, Arrays, Dynamically Allocated Arrays,
Structures and Unions, Polynomials.

Sparse Matrices: Sparse Matrix Representation and Transposing a Matrix.
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DATA STRUCTURES

Data may be organized in many different ways. The logical or mathematical model of a particular
organization of data is called a data structure.

The choice of a particular data model depends on the two considerations

1. It must be rich enough in structure to mirror the actual relationships of the data in
the real world.

2. The structure should be simple enough that one can effectively process the data
whenever necessary.

Basic Terminology: Elementary Data Organization:

Data: Data are simply values or sets of values.

Data items: Data items refers to a single unit of values.

Data items that are divided into sub-items are called Group items. Ex: An Employee Name
may be divided into three subitems- first name, middle name, and last name.

Data items that are not able to divide into sub-items are called Elementary items.
Ex: SSN

Entity: An entity is something that has certain attributes or properties which may be assigned
values. The values may be either numeric or non-numeric.
Ex:  Attributes- Names, Age, Sex, SSN
Values- Rohland Galil, 34, F, 134-34-5533

Entities with similar attributes form an entity set. Each attribute of an entity set has a range of
values, the set of all possible values that could be assigned to the particular attribute. The term
“information” is sometimes used for data with given attributes, of, in other words meaningful
or processed data.

Field is a single elementary unit of information representing an attribute of an entity.

Record is the collection of field values of a given entity.
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File is the collection of records of the entities in a given entity set.

Each record in a file may contain many field items but the value in a certain field may uniquely
determine the record in the file. Such a field K is called a primary key and the values k1, k2, ..... in
such a field are called keys or key values.

Records may also be classified according to length.
A file can have fixed-length records or variable-length records.

* In fixed-length records, all the records contain the same data items with the same
amount of space assigned to each data item.

* In variable-length records file records may contain different lengths.

Example: Student records have variable lengths, since different students take different numbers of
courses. Variable-length records have a minimum and a maximum length.

The above organization of data into fields, records and files may not be complex enough to
maintain and efficiently process certain collections of data. For this reason, data are also organized
into more complex types of structures.

The study of complex data structures includes the following three steps:
1. Logical or mathematical description of the structure

2. Implementation of the structure on a computer
3. Quantitative analysis of the structure, which includes determining the amount of
memory needed to store the structure and the time required to process the structure.

CLASSIFICATION OF DATA STRUCTURES

Data structures are generally classified into

*  Primitive data Structures
*  Non-primitive data Structures

1.Primitive data Structures: Primitive data structures are the fundamental data types which are
supported by a programming language. Basic data types such as integer, real, character and Boolean
are known as Primitive data Structures. These data types consists of characters that cannot be divided
and hence they also called simple data types.
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2.Non- Primitive data Structures: Non-primitive data structures are those data structures which are
created using primitive data structures. Examples of non-primitive data structures is the processing
of complex numbers, linked lists, stacks, trees, and graphs.

Based on the structure and arrangement of data, non-primitive data structures is further
classified into

1. Linear Data Structure
2. Non-linear Data Structure

1. Linear Data Structure:

A data structure is said to be linear if its elements form a sequence or a linear list. There are
basically two ways of representing such linear structure in memory.
1. One wayis to have the linear relationships between the elements represented by
means of sequential memory location. These linear structures are called arrays.

2. The other way is to have the linear relationship between the elements represented
by means of pointers or links. These linear structures are called linked lists.

The common examples of linear data structure are Arrays, Queues, Stacks, Linked lists

2. Non-linear Data Structure:

A data structure is said to be non-linear if the data are not arranged in sequence or a linear. The
insertion and deletion of data is not possible in linear fashion. This structure is mainly used to
represent data containing a hierarchical relationship between elements. Trees and graphs are the
examples of non-linear data structure.

POINTERS
A pointer is a variable which contains the address in memory of another variable.
The two most important operator used with the pointer type are
& - The unary operator & which gives the address of a variable
* - The indirection or dereference operator * gives the content of the object pointed to
by apointer.

Declaration
int 1, *pi;

Here, i is the integer variable and pi is a pointer to an integer

pi = &i;

o
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Null Pointer
The null pointer points to no object or function.
The null pointer is represented by the integer 0.
The null pointer can be used in relational expression, where it is interpreted as false.

Ex: if (pi==NULL) or if (Ipi)

Pointers can be Dangerous:

Pointer can be very dangerous if they are misused. The pointers are dangerous in following
situations:

1. Pointer can be dangerous when an attempt is made to access an area of memory that
is either out of range of program or that does not contain a pointer reference to a legitimate
object.

Ex: main ()
{ int *p; int pa = 10; p = &pa;
printf(“%d”, *p); //output = 10;
printf(“%d”, *(p+1)); //accessing memory which is  out of range
h
1.1t is dangerous when a NULL pointer is de-referenced, because on some computer it may return
0 and permitting execution to continue, or it may return the result stored in location zero, so it may

produce a serious error.

2.Pointer is dangerous when use of explicit type casts in converting between pointer types
Ex: pi=malloc (sizeof (int)); pf
= (float*) pi;

3.In some system, pointers have the same size as type int, since int is the default type specifier,
some programmers omit the return type when defining a function. The return type defaults to int
which can later be interpreted as a pointer. This has proven to be a dangerous practice on some
computer and the programmer is made to define explicit types for functions.
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Pointers to Pointers
A variable which contains address of a pointer variable is called pointer-to-pointer.

Example: it p;
mt *listl, * *]ist2;

p=10: list2 listl P
list1=&p: ] ]
list2=&list1; i — 10

printf(“%d., %d. %d”. a, *listl, **list2);

Output: 10 10 10

DYNAMIC MEMORY ALLOCATION FUNCTIONS

1.malloc():

The function malloc allocates a user- specified amount of memory and a pointer to the start of
the allocated memory is returned.
If there is insufficient memory to make the allocation, the returned value is NULL. Syntax:
data_type *x;
x= (data_type *) malloc(size);
Where,

X is a pointer variable of data type
size is the number of bytes

Ex: int *ptr;
ptr = (int *) malloc(100*sizeof(int));

2.calloc():

The function calloc allocates a user- specified amount of memory and initializes the allocated
memory to 0 and a pointer to the start of the allocated memory is returned. If there is
insufficient memory to make the allocation, the returned value is NULL.

Syntax:
data_type *x;
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x= (data_type *) calloc(n, size);
Where,
X is a pointer variable of type int n is the number
of block to be allocated size is the
number of bytes in each block

Ex: int *x

x= calloc (10, sizeof(int));
The above example is used to define a one-dimensional array of integers. The capacity of this
array 1s n=10 and x [0: n-1] (x [0, 9]) are initially O
Macro CALLOC
#define CALLOC (p, n, s)\
if (! ((p) = calloc (n, s)))\

{\ fprintf(stderr, “Insuffiient memory”);\
exit(EXIT FAILURE);\

I
3.realloc():

e Before using the realloc( ) function, the memory should have been allocated using malloc( )
or calloc( ) functions.

e The function relloc( ) resizes memory previously allocated by either mallor or calloc, which
means, the size of the memory changes by extending or deleting the allocated memory.

e [fthe existing allocated memory need to extend, the pointer value will not change.

e If the existing allocated memory cannot be extended, the function allocates a new block and
copies the contents of existing memory block into new memory block and then deletes the old
memory block.

e When realloc is able to do the resizing, it returns a pointer to the start of the new block and
when it is unable to do the resizing, the old block is unchanged and the function returns the
value NULL

Syntax: data type *x;
x= (data_type *) realloc(p, s );

The size of the memory block pointed at by p changes to S. When s > p the additional s-p
memory block have been extended and when s < p, then p-s bytes of the old block are freed.
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Macro REALLOC
#define REALLOC(p,S)\
if (1((p) = realloc(p,s))) \
{\

fprintf(stderr, "Insufficient memory");\
exit(EXIT FAILURE);\

I

4.free()
Dynamically allocated memory with either malloc( ) or calloc (') does not return on its own.
The programmer must use free( ) explicitly to release space.

Syntax: free(ptr);
This statement cause the space in memory pointer by ptr to be deallocated

Array

Declaration: A one dimensional array in C is declared by adding brackets to the name of a
variable.
Ex:  int list[5], *plist[5];
* The array list[5], defines 5 integers and in C array start at index 0, so list[0], list[1],
list[2], list[3], list[4] are the names of five array elements which contains an integer
value.

* The array *plist[S], defines an array of 5 pointers to integers. Where, plist[0],

plist[1], plist[2], plist[3], plist[4] are the five array elements which contains a pointer
to an integer.

int list[5] int *plist[5]
list[0] plist[0] 4
list[1] plist[1] 1
list[2] plist[2] 4>
list[3] plist[3] 4>
list[4] plist[4] -
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Implementation:

When the complier encounters an array declaration, list[S], it allocates five
consecutive memory locations. Each memory is enough large to hold a single integer.

* The address of first element of an array is called Base Address. Ex: For list[5] the
address of list[0] is called the base address.

If the memory address of list[i] need to compute by the compiler, then the size of
the int would get by sizeof (int), then memory address of list[i] is as follows:
list[i] = a +i * sizeof (int)

Where, o is base address.

list{3] =o+3*sizeof(int)  Lst[0] list[1] list[2] lGist[3] list[4]
=2000+3 * 4
lis3] =2012

2000 2004 2008 2012 2016

Difference between int *listl; & int list2[5]:

The variables list1 and list2 are both pointers to an int, but in list2[5] five memory locations are
reserved for holding integers. list2 is a pointer to list2[0] and list2-+i is a pointerto list2[i].

int *list1 int list2[5]
[+ I
list1

Note: In C the offset i do not multiply with the size of the type to get to the appropriate element
of the array. Hence (list2+i) is equal &list2[i] and *(list2+i) is equal to list2[i].

How C treats an array when it is parameter to a function?

e All parameters of a C functions must be declared within the function. As various
parameters are passed to functions, the name of an array can be passed as parameter.
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e The range of a one-dimensional array is defined only in the main function since new

storage for an array is not allocated within a function.

e If the size of a one dimensional array is needed, it must be passed into function as a

argument or accessed as a global variable.

Example: Array Program

#define MAX SIZE 100
float sum(float [], int);
float inputfMAX SIZE], answer;

void main(void)

{
int 1;
for( 1=0; 1<MAX SIZE; it++)
input[i]=1;

answer = sum(input, MAX SIZE);
printf(“\n The sum is: %f \n”,answer); }

float sum(float list[], int n)

{
int 1;
float tempsum = 0; for(i=0; i<n; i++)
tempsum = tempsum + list[i];
return tempsum;
H

When sum is invoked, input=&input[0] is copied into a temporary location and associated

with the formal parameter /list

A function that prints out both the address of the ith element of the array and the value found

at that address can written as shown in below program.

void printl (int *ptr, int rows)
{int1;
printf(“  Address contents

for(i=0; i<rows; i++) printf(“% 8u %5d \n”,

ptrti, *(prt+i)); printf(*\n”);}
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QOutput:
Address Content
12244868 0
12344872 1
12344876 2
12344880 3
12344884 4

DYNAMICALLY ALLOCATED ARRAYS

One Dimensional Array

While writing computer programs, if finds ourselves in a situation where we cannot
determine how large an array to use, then a good solution to this problem is to defer this
decision to run time and allocate the array when we have a good estimate of the required
array size.

Example:

int 1, n, *list;

printf(“Enter the number of numbers to generate:”); scanf(“%d”,
&n);

if(n<1)

{

fprintf  (stderr, “Improper  value of n \n”);
exit(EXIT _FAILURE);

§
MALLOC (list, n*sizeof(int));

The programs fails only when n<I or insufficient memory to hold the list of numbers that are
to be sorted.

Two DimensionalArrays

C uses array-of-arrays representation to represent a multidimensional array. The two
dimensional arrays is represented as a one-dimensional array in which each element is itself
a one-dimensional array.
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Example: int x[3][5];

01 11 1 Bl @M

x[0]
x[1]
x[2]

¥y ¥ h

Array-of-arrays representation

C find element x[1][j] by first accessing the pointer in x][i].
Where x[i] = a+ i* sizeof(int), which give the address of the zeroth element of row i of the
array.
Then adding j*sizeof(int) to this pointer ( x[i] ) , the address of the [j]th element of row i is
determined.

x[i] = a+ i* sizeof(int)

x[j] = a+ j* sizeof(int)

x[i][j] = x[i]+ i* sizeof(int)

Creation of Two-Dimensional Array Dynamically

int **myArray; myArray =
make2dArray(5,10);
myArray[2][4]=6;

int ** make2dArray(int rows, int cols)
{ /* create a two dimensional rows X cols array */ int
X, i

MALLOC(x, rows * sizeof (*x)); /*get memory for row pointers*/ for

(i= 0;i<rows; i++) /* get memory for each row */
MALLOC(x[i], cols *sizeof(**x));
return x;

}

The second line allocates memory for a 5 by 10 two-dimensional array of integers and the
third line assigns the value 6 to the [2][4] element of this array.
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ARRAY OPERATIONS

1. Traversing

* LetAbeacollection of data elements stored in the memory of the computer. Suppose
if the contents of the each elements of array A needs to be printed or to count the numbers

of elements of A with a given property can be accomplished by Traversing.

* Traversing is a accessing and processing each element in the array exactly once.

Algorithm 1: (Traversing a Linear Array)

Hear LA is a linear array with the lower bound LB and upper bound UB. This algorithm
traverses LA applying an operation PROCESS to each element of LA using while loop.

1. [Initialize Counter] set Ki=LB

2. Repeat step 3 and 4 while K < UB

3. [Visit element] Apply PROCESS to LA [K]
4. [Increase counter] Set Ki=K+1
[End of step 2 loop]
5. Exit

Algorithm 2: (Traversing a Linear Array)

Hear LA is a linear array with the lower bound LB and upper bound UB. This algorithm
traverses LA applying an operation PROCESS to each element of LA using repeat — for loop.

1. Repeat for K=LB to UB

Apply PROCESS to LA [K]
[End of loop]
2. Exit.

Example:
Consider the array AUTO which records the number of automobiles sold each year from 1932
through 1984.

To find the number NUM of years during which more than 300 automobiles were sold,
involves traversing AUTO.

1. [Initialization step.] Set NUM :=0

2. Repeat for K = 1932 to 1984:
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If AUTO [K] > 300, then: Set NUM: = NUM + 1.
[End of loop.]
3. Return.

2. Inserting

* Let Abea collection of data elements stored in the memory of the computer. Inserting
refers to the operation of adding another element to the collection A.
* Inserting an element at the “end” of the linear array can be easily done provided the
memory space allocated for the array is large enough to accommodate the additional
element.
* Inserting an element in the middle of the array, then on average, half of the elements
must be moved downwards to new locations to accommodate the new element and keep
the order of the otherelements.

Algorithm:

INSERT (LA, N, K, ITEM)

Here LA is a linear array with N elements and K is a positive integer such that K < N. This

algorithm inserts an element ITEM into the K" position in LA.

1. [Initialize counter] setJ:=N
2. Repeat step 3 and 4 while J > K
3. [Move J element downward] Set LA [J+1] := LA[J]
4. [Decrease counter] setJ:=J—1
[End of step 2 loop]
5. [Insert element] set LA[K]:=ITEM
6. [Reset N] set N:= N+1
7. Exit
3. Deleting

* Deleting refers to the operation of removing one element to the collection A.

* Deleting an element at the “end” of the linear array can be easily done with
difficulties.

» If element at the middle of the array needs to be deleted, then each subsequent
elements be moved one location upward to fill up the array.
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Algorithm
DELETE (LA, N, K, ITEM)

Here LA is a linear array with N elements and K is a positive integer such that K < N. this

algorithm deletes the K" element from LA

1. Set ITEM:=LA[K]
2. RepeatforJ=KtoN-1

[Move J + 1 element upward] set LA[J]:= LA[J+1] [End of

loop]

3. [Reset the number N of elements in LA] set N:= N — 1 4. Exit

Example: Inserting and Deleting

Suppose NAME is an 8-element linear array, and suppose five names are in the array, as in Fig.(a).
Observe that the names are listed alphabetically, and suppose we want to keep the array names
alphabetical at all times. Suppose Ford is added to the array. Then Johnson, Smith and Wagner must
each be moved downward one location, as in Fig.(b). Next suppose Taylor is added to the array; then
Wagner must be moved, as in Fig.(c). Last, suppose Davis is removed from the array. Then the five
names Ford, Johnson, Smith, Taylor and Wagner must each be moved upward one location, as in

Fig.(d).
NAME NAME NAME NAME
1 | Brox;n—ﬂj 1 I Brown | 1 'r Br;wr-wr ] 1 I Bron;w-
2 | Davis ] 2 {Davis ' 2 | Davis | 2 | Ford
1 ! ) ‘ ]
3 | Johnson | 3 [Ford Jl 3 | Ford 3 | Johnson
4 | Smith | 4 rJohnson: 4 | Johnson 4 | Smith
5 L‘Wagner | 5 | Smith 5 | Smith 5 | Taylor
6 s 6 i‘Waf;!ner 6 :Taylor 6 | Wagner
7 ] 7 | Wagner 7 .
8 8 8 P 8 |
(a) (D) (c) (d)
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4. Sorting

Sorting refers to the operation of rearranging the elements of a list. Here list be a set of n
elements. The elements are arranged in increasing or decreasing order.

Ex: suppose A is the list of n numbers. Sorting A refers to the operation of rearranging the
elements of A so they are in increasing order, i.¢., so that,
A[l] <AJ2] <A[3] <...<A|N]

For example, suppose A originally is the list

8,4,19,2,7,13,5,16
After sorting, A is the list
2,4,5,7,8,13,16,19

Bubble Sort
Suppose the list of numbers A[l], A[2], ... , A[N] is in memory. The bubble sort algorithm
works as follows:

Algorithm: Bubble Sort — BUBBLE (DATA, N)

Here DATA is an array with N elements. This algorithm sorts the elements in DATA.
1. Repeat Steps 2 and 3 for K=1to N - 1.
2. Set PTR: = 1. [Initializes pass pointer PTR.]
3. Repeat while PTR <N - K: [Executes pass.]
(a) If DATA[P TR] > DATA[P TR + 1], then:
Interchange DATA [PTR] and DATA [PTR + 1].
[End of If structure. ]
(b) Set PTR: =PTR + 1.
[End of inner loop.]
[End of Step 1 outer loop.]
4. Exit.

Complexity of the Bubble Sort Algorithm

The time for a sorting algorithm is measured in terms of the number of comparisons f(n). There
are n — 1 comparisons during the first pass, which places the largest element in the last position;
there are n - 2 comparisons in the second step, which places the second largest element in the next-

to- last position; and so on. Thus
=Mm-1)+(n-2)+..+2+1

f(n) 2 2 =nm-1)= n2 O(n)=0(m)
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5. Searching
* Let DATA be a collection of data elements in memory, and suppose a specific ITEM of
information is given. Searching refers to the operation of finding the location LOC of ITEM
in DATA, or printing some message that ITEM does not appear there.

* Thesearch is said to be successful if ITEMdoes appear in DATA and unsuccessful
otherwise.

Linear Search

Suppose DATA is a linear array with n elements. Given no other information about DATA, The
way to search for a given ITEM in DATA is to compare ITEM with each element of DATA one by
one. That is, first test whether DATA [1] = ITEM, and then test whether DATA[2] = ITEM, and so
on. This method, which traverses DATA sequentially to locate ITEM, is called linear search or
sequential search.

Algorithm: (Linear Search) LINEAR (DATA, N, ITEM, LOC)
Here DATA is a linear array with N elements, and ITEM is a given item of information. This
algorithm finds the location LOC of ITEM in DATA, or sets LOC: = 0 if the search is
unsuccessful.

1. [Insert ITEM at the end of DATA.] Set DATA [N + 1]: = ITEM.

2. [Initialize counter.] Set LOC: = 1.

3. [Search for ITEM.]

Repeat while DATA [LOC] # ITEM:

Set LOC:=LOC + 1.

[End of loop.]
4. [Successful?] If LOC =N + 1, then: Set LOC:=0
5. Exit.

Binary Search

Suppose DATA is an array which is sorted in increasing numerical order or, equivalently, alphabetically.
Then there is an extremely efficient searching algorithm, called binary search, which can be used to find the
location LOC of a given ITEM of information in DATA.

Algorithm: (Binary Search) BINARY (DATA, LB, UB, ITEM, LOC)

Here DATA is a sorted array with lower bound LB and upper bound UB, and ITEM is a
given item of information. The variables BEG, END and MID denote, the beginning, end
and middle locations of a segment of elements of DATA.

This algorithm finds the location LOC of ITEM in DATA or sets LOC = NULL.
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1. [Initialize segment variables.]
Set BEG: = LB, END := UB and MID = INT((BEG + END)/2).
2. Repeat Steps 3 and 4 while BEG < END and DATA [MID] # ITEM.
3. IfITEM < DATA [MID], then:
Set END := MID - 1.
Else:
Set BEG :=MID + 1.
[End of If structure.]
4. Set MID :=INT((BEG + END)/2).

[End of Step 2 loop.]
5. If DATA[MID] = ITEM, then:
Set LOC := MID.

Else:

Set LOC := NULL.
[End of If structure.]
6. Exit.

Complexity of the Binary Search Algorithm

The complexity is measured by the number f{(n) of comparisons to locate ITEM in DATA
where DATA contains n elements. Observe that each comparison reduces the sample size
in half. Hence we require at most f(n) comparisons to locate ITEM where

2/ >y or equivalently f(n) = [logzn] + 1

That is, the running time for the worst case is approximately equal to logz #n. One can also show
that the running time for the average case is approximately equal to the running time for the
worstcase.

MULTIDIMENSIONAL ARRAY

Two-Dimensional Arrays

A two-dimensional m x n array A is a collection of m . n data elements such that each
element is specified by a pair of integers (such as J, K), called subscripts, with the property
that 1 <J<mand 1 <K <n
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The element of A with first subscript j and second subscript k will be denoted by
AJ,K or A[J, K]

Two-dimensional arrays are called matrices in mathematics and tables in business
applications.

There is a standard way of drawing a two-dimensional m x n array A where the elements of

A form a rectangular array with m rows and n columns and where the element A[J, K] appears
in row J and column K.

A[3.1] A[3,2] A[3.3] A[3,4

Fig. Two-Dimensional 3 x 4 Array A

Representation of Two-Dimensional Arrays in Memory

Let A be a two-dimensional m x n array. Although A is pictured as a rectangular array of
elements with m rows and n columns, the array will be represented in memory by a block of
m . n sequential memory locations.

The programming language will store the array A either (1) column by column, is called

A Subscript A Subscript

(2, 1) ¢ Column 1 (1,2)
Row 1
(3,1) (1,3)
(1,2) (1,4)
(2,2) p Column 2 (2,1)
(3,2) (2, 2)
Row 2
(1,3) (2,3)
(2, 3) ¢ Column 3 (2,4)
(3,3) (3,1)
(1, 4) (8,2
Row 3
(2, 4) r Column 4 (38, 3)
(3, 4) (3, 4)
(a) Column-maijor order (b) Row-major order
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column-major  order, or (2) row by row, in row-major  order The
computer uses the formula to find the address of LA[K] in time independent of K. LOC (LA[K]) =
Base(LA) + w(K - 1)

The computer keeps track of Base(A)-the address of the first element A[1, 1] of A-and
computes the address LOC(A[J, K]) of A[J, K] using the formula

(Column-major order) LOC(A[J, K]) = Base(4) + wM(K - 1)+ (J - 1)]

(Row-major order) LOC(A[J, K]) = Base(4) + wIN(J - 1) + (K - 1)]

STRUCTURES

Ex: struct {

char
name[10]; int
age; float
salary;

} Person;

The above example creates a structure and variable name is Person and that has three fields:
name = a name that is a characterarray age = an integer
value representing the age of the person salary = a float
value representing the salary of the individual

Assign values to fields

To assign values to the fields, use « (dot) as the structure member operator. This operator is
used to select a particular member of the structure

Ex: strcpy(Person.name,““james”);
Person.age =10;
Person.salary = 35000;
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Type-Defined Structure
The structure definition associated with keyword typedef is called Type-Defined

Structure. Syntax 1: typedef struct { data_type member 1; data type member 2;

data type member n;
} Type name;
Where,
* typedef is the keyword used at the beginning of the definition and by using typedef
user defined data type can be obtained.
* struct is the keyword which tells structure is defined to the complier
* The members are declare with their data type
* Type name is not a variable, it is user defined data type.

Syntax 2: struct struct_name
{ data_type member 1; data type member 2;

data_type member n;

3

typedef struct struct name Type name;

Ex: typedef struct{
char name[10];
int age;
float salary;
thumanBeing;

In above example, humanBeing is the name of the type and it is a user defined data type.

Declarations of structure variables:

Human Being personl, person2;

This statement declares the variable personl and person2 are of type humanBeing.
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Structure Operation
The various operations can be performed on structures and structure members.
1. Structure Equality Check:

Here, the equality or inequality check of two structure variable of same type or dissimilar type
is not allowed

typedef struct{
char name[10];
int age;
float salary;
thumanBeing;

humanBeing personl, person2;

if (personl == person2) is invalid.
The valid function is shown below

#define FALSE 0

#define TRUE 1

if (humansEqual(personl,person2)) printf("The two
human beings are the same\n"); else printf("The two
human beings are not the same\n");

int humansEqual(humanBeing personl, humanBeing person2)
{ /* return TRUE if personl and person2 are the same human being otherwise return

FALSE */

if (strcmp(personl.name, person2.name))
return FALSE;

if (personl.age != person2.age) return
FALSE,;

if (personl.salary != person2.salary) return
FALSE,;

return TRUE;

}

» Program: Function to check equality of structures

2. Assignment operation on Structure variables: personl = person2

The above statement means that the value of every field of the structure of person 2 is assigned
as the value of the corresponding field of person 1, but this is invalid statement.
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Valid Statements is given below:
strepy(personl.name, person2.name); personl.age = person2.age;

personl.salary = person2.salary;

Structure within a structure:

There is possibility to embed a structure within a structure. There are 2 ways to embed
structure.

1. The structures are defined separately and a variable of structure type is declared inside the
definition of another structure. The accessing of the variable of a structure type that are nested
inside another structure in the same way as accessing other memberof that structure
Example: The following example shows two structures, where both the structure are defined

separately.
typedef struct {
int month; int day;
int year;
}date;

typedef struct {

char
name[10]; int age;
float salary; date
dob; } humanBeing;
humanBeing personl;

A person born on February 11, 1944, would have the values for the date struct set as:
personl.dob.month = 2;
personl.dob.day = 11;
personl.dob.year =
1944;

2. The complete definition of a structure is placed inside the definition of another structure.

Example:
typedef struct {
char
name[ 10];
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int age; float
salary;
struct {
int month;
int day;
int year;
} date;
} humanBeing;

SELF-REFERENTIAL STRUCTURES

A self-referential structure is one in which one or more of its components is a pointer to itself.
Self- referential structures usually require dynamic storage management routines (malloc and free)

to explicitly obtain and release memory.

Consider as an example:
typedef struct {

char data;
struct list *link ;
} list;

Each instance of the structure list will have two components data and link.

* Data: is a single character,
* Link: link is a pointer to a list structure. The value of link is either the address in
memory of an instance of list or the null pointer.

Consider these statements, which create three structures and assign values to their respective fields:

list iteml, item2, item3;

item1.data ="'a';

item2.data = 'b';

item3.data ="'c';

item1.link = item2.1ink = item3.link = NULL;
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a b c/

Structures item1, item2 and item3 each contain the data item a, b, and ¢ respectively, and the null
pointer. These structures can be attached together by replacing the null link field in item 2 with
one that points to item 3 and by replacing the null link field in item 1 with one that points to item
2.

item1.link = &item2;
item2.1ink = &item3;

Unions:

A union is similar to a structure, it is collection of data similar data type or dissimilar.

Syntax: union{
data_type member 1; data_type member 2;
data_type member n;
}variable name;
Example:
union{
int children;
int beard;
§u;
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Union Declaration:

A union declaration is similar to a structure, but the fields of a union must share their memory
space. This means that only one field of the union is "active" at any given time.
union{

char name;

int age;
float salary;

Ju;

name

age

salary

A
)\ 4

The major difference between a union and a structure is that unlike structure members which are stored
in separate memory locations, all the members of union must share the same memory space.

Example:

#include <stdio.h>

union job {
char
name[32];
float salary;
int
worker no;

fu;

int main( ){

printf("Enter name:\n"); scanf("%s", &u.name);

printf("Enter salary: \n"); scanf("%f", &u.salary);
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printf("Displaying\n Name :%s\n",u.name);
printf("Salary: %.1f",u.salary);
return 0;

Output:
Enter name: Albert
Enter salary: 45678.90

Displaying

Name: f%gupad (Garbage Value)
Salary: 45678.90

POLYNOMIALS

What is a polynomial?

“A polynomial is a sum of terms, where each term has a form ax®, where x is the variable, a
is the coefficient and e is the exponent.”

Two example polynomials are:
A(x) =3x°+2x°+ 4
B(x) =x*+ 10x>+ 3x* +1

The largest (or leading) exponent of a polynomial is called its degree. Coefficients that are
zero are not displayed. The term with exponent equal to zero does not show the variable since
x raised to a power of zero is 1.

Assume there are two polynomials,
A(x) = Z ajxiand B (x) =Z b;i x;
then:
A(x) + B(x) = Z (ai+ bi) xi A(x).B(x) =
Y (aixi. 2 (bjxj))

Polynomial Representation
One way to represent polynomials in C is to use typedef to create the type polynomial as
below:

G 0821-2954081 info@atme.edu.in 13th Kilometer, Mysore -Kanakapura
0821-2954011 www.atme.edu.in -Bengaluru Road, Mysore - 570 028




FATME

atme | College of Engineering

DEPARTMENT OF COMPUTER SCIENCE & ENGINEERING - AI & ML

#define MAX-DEGREE 101  /*Max degree of polynomial+1%*/ typedef struct{
int degree;
float coeffMAX-DEGREE];
} polynomial;

Now if a is a variable and is of type polynomial and n < MAX DEGREE, the polynomial
A(x) = Xai x; would be represented as:

a.degree =n

a.coef[i]=ani,0<i<n

In this representation, the coefficients is stored in order of decreasing exponents, such that
a.coef [i] is the coefficient of x™ provided a term with exponent n-i exists;

Otherwise, a.coef [1] =0. This representation leads to very simple algorithms for most of the
operations, it wastes a lot of space.

To preserve space an alternate representation that uses only one global array, terms to store
all polynomials.
The C declarations needed are:

MAX TERMS 100 /*size of terms array*/ typedef struct{

float coef;
int expon,;
} polynomial;
polynomial terms[MAX-TERMS];

int avail = 0;

Consider the two polynomials
A(x) = 2x000+ 1
B(x) =x*+ 10x*+ 3x*+ 1
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startA finishA  startB finishB avail
coet 2 1 1 10 3 1
o 1 1000 0 4 3 2 0
0 1 2 3 4 5 6

» The above figure shows how these polynomials are stored in the array terms. The index
of the first term of A and B is given by startA and startB, while finishA and finishB give
the index of the last term of A and B.

» The index of the next free location in the array is given by avail.

» For above example, startA=0, finishA=1, startB=2, finishB=5, & avail=6.

Polynomial Addition
» C function is written that adds two polynomials, A and B to obtain D =A + B.
» To produce D (x), padd() is used to add A (x) and B (x) term by term. Starting at position
avail, attach( ) which places the terms of D into the array, terms.
» If there is not enough space in terms to accommodate D, an error message is printed to the
standard error device & exits the program with an error condition

void padd(int startA, int finishA, int startB, int finishB, int *startD,int *finishD)
{ /* add A(x) and B(x) to obtain D(x) */ float
coefficient;
*startD = avail,
while (startA <= finishA && startB <= finishB)
switch(COMPARE((terms[startA].expon, terms[startB].expon))

case -1: /* a expon < b expon */
attach (terms [startB].coef, terms[startB].expon);
startB++; break;
case 0: /* equal exponents */
coefficient = terms[startA].coef + terms|[startB].coef;
0821-2954081 info@atme.edu.in 13th Kilometer, Mysore -Kanakapura
0821-2954011 www.atme.edu.in -Bengaluru Road, Mysore - 570 028




FATME

atme | College of Engineering

DEPARTMENT OF COMPUTER SCIENCE & ENGINEERING - AI & ML

if (coefficient) attach

(coefficient, terms[startA].expon);
startA++;
startB++;
break; case 1:
/* a expon
> b expon */
attach (terms [startA].coef, terms[startA].expon); startA++;

Function to add two polynomials
void attach(float coefficient, int exponent)

{

/* add a new term to the polynomial */

if (avail >= MAX-TERMS)

{

}

fprintf(stderr,"Too many terms in the  polynomial\n");
exit(EXIT FAILURE);

terms[avail].coef = =  coefficient;
terms[avail++].expon = exponent; }

/* add in remaining terms of A(x) */ for(; startA <=

finishA;

startA++) attach  (terms[startA].coef,

terms[startA].expon);

/* add in remaining terms of B(x) */ for( ; startB <=

finishB,;

startB++) attach  (terms[startB].coef,

terms[startB].expon); *finishD = avail-i;

SPARSE MATRICES

A matrix contains m rows and n columns of elements as illustrated in below figures. In this figure,

the elements are numbers. The first matrix has five rows and three columns and the second has six
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rows and six columns. We write m x n (read "m by n") to designate a matrix with m rows and n
columns. The total number of elements in such a matrix is mn. If m equals n, the matrix is square.

col0 coll col2 col0 coll col2 col3 col4 col5
row0 [ 27 3 4] row0[15 0 0 2 0 -15 |
row 1 6 82 -2 rowl |0 11 3 0 0 0
row 2 109 -64 11 row2 (0 0 0 -6 0 0
row 3 12 8 9 row3 |0 0 0 0 0 0
row 4 48 27 47 row4 |91 0 0 0 0 0
- N rows |0 0 28 0 0 0
Figure A - Figure B N

What is Sparse Matrix?
A matrix which contains many zero entries or very few non-zero entries is called as Sparse
matrix.

In the figure B contains only 8 of 36 elements are nonzero and that is sparse.

Important Note:

A sparse matrix can be represented in 1-Dimension, 2- Dimension and 3- Dimensional array. When
a sparse matrix is represented as a two-dimensional array as shown in Figure B, more space is
wasted.

Example: consider the space requirements necessary to store a 1000 x 1000 matrix that has only 2000
non-zero elements. The corresponding two-dimensional array requires space for 1,000,000 elements.
The better choice is by using a representation in which only the nonzero elements are stored.

Sparse Matrix Representation

e Anelement within a matrix can characterize by using the triple <row,col,value> This means that,
an array of triples is used to represent a sparse matrix.
e Organize the triples so that the row indices are in ascending order.

e The operations should terminate, so we must know the number of rows and columns, and the
number of nonzero elements in the matrix.

Implementation of the Create operation as below:
SparseMatrix Create(maxRow, maxCol) ::=

#define MAX _TERMS 101 /* maximum number of terms +1*/
typedef struct { int col; int row; int value;
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} term;
a[MAX_TERMS];

e The below figure shows the representation of matrix in the array “a” a[0].row contains the
number of rows, a[0].col contains the number of columns and a[0].value contains the total number
of nonzero entries.

e Positions 1 through 8 store the triples representing the nonzero entries. The row index is in the
field row, the column index is in the field col, and the value is in the field value. The triples are
ordered by row and within rows bycolumns.

al0] 6 6 8 bl0)] 6 6 8[1] 0 0 15
[1] © 0 15

[2] 0 3 22 21 o 4 91

[3]0 5 -15* S 1 11

[4] 1 1 11 4 2 1 3

[5] 1 2 3 5] 2 5 28

[6] 2 3 -6 6] 3 0 22

[7] 4 0 91 WA 2 -6

[8] 5 2 28~ N[BLNI5 0 -15

Fig (a): Sparse matrix stored as triple  Fig (b): Transpose matrix stored as triple

Transposing a Matrix
To transpose a matrix, interchange the rows and columns. This means that each element a[i] [j]
in the original matrix becomes element a[j][i] in the transpose matrix.

A good algorithm for transposing a matrix:
for each row 1 take element <i, j, value> and store it
as element <j, 1, value> of the transpose;

If we process the original matrix by the row indices it is difficult to know exactly where to
place element <j, i, value> in the transpose matrix until we processed all the elements that
precede it.

This can be avoided by using the column indices to determine the placement of elements in the
transpose matrix. This suggests the following algorithm:

e 0821-2954081 info@atme.edu.in 13th Kilometer, Mysore -Kanakapura

0821-2954011

www.atme.edu.in -Bengaluru Road, Mysore - 570 028




4 ATME

atme | College of Engineering

DEPARTMENT OF COMPUTER SCIENCE & ENGINEERING - AI & ML

for all elements in column j place
element <i, j, value> in element
<, 1, value>

The columns within each row of the transpose matrix will be arranged in ascending order. void

transpose (term a[], termb|[])
transpose (term a[], termb[])
{ /* b is set to the transpose of a */
int n, 1, j, currentb;
n = a[0].value; /* total number of elements */
b[0].row = a[0].col; /* rows in b = columns in a */
b[0].col = a[0].row; /* columns in b = rows in a */
b[0].value = n;
if (n > 0)
{ currentb = 1;
for (1= 0;1<a[O].col; i++)
for (= 1; j<=n; j++)
if (a[j].col ==1)
{
b[currentb].row = a[j].col;
b[currentb].col = a[j].row;
b[currentb].value = a[j].value;
currentb++;

}
}
}

Transpose of a sparse matrix
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