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Data structures can be classified as 
 

· Simple data structure 

 

· Compound data structure 

 

· Linear data structure 

 

· Non linear data structure 

 

Simple Data Structure: 
 

Simple data structure can be constructed with the help of primitive data structure. A primitive 

data structure used to represent the standard data types of any one of the computer languages. 

Variables, arrays, pointers, structures, unions, etc. are examples of primitive data structures. 

 

Compound Data structure: 
 

Compound data structure can be constructed with the help of any one of the primitive data 

structure and it is having a specific functionality. It can be designed by user. It can be classified 

as 

 

1) Linear data structure 

 

2) Non-linear data structure 

 

Linear data structure : 

 

Collection of nodes which are logically adjacent in which logical adjacency is maintained by 

pointers 

(or) 

 

Linear data structures can be constructed as a continuous arrangement of data elements in 

the memory. It can be constructed by using array data type. In the linear Data Structures the 

relation ship of adjacency is maintained between the Data elements. 

 

Operations applied on linear data structure : 
 

The following list of operations applied on linear data structures 

 

1. Add an element 

 

2. Delete an element 

 

3. Traverse 

 

4. Sort the list of elements 
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5. Search for a data element 

 

By applying one or more functionalities to create different types of data structures 

 

For example Stack, Queue, Tables, List, and Linked Lists. 

 

Non-linear data structure: 

 

Non-linear data structure can be constructed as a collection of randomly distributed set of 

data item joined together by using a special pointer (tag). In non-linear Data structure the 

relationship of adjacency is not maintained between the Data items. 

 

Operations applied on non-linear data structures : 
 

The following list of operations applied on non-linear data structures. 

 

1. Add elements 

 

2. Delete elements 

 

3. Display the elements 

 

4. Sort the list of elements 

 

5. Search for a data element 

 

By applying one or more functionalities and different ways of joining randomly distributed 

data items to create different types of data structures. For example Tree, Decision tree, 

Graph and Forest 
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Abstract data types 

You are now a master C programmer. You know most of the essential features of C. So, given a 

problem, you plan to jump to write the code. Yes, I see that you have mentally written 

the #include line. 

Please wait. Solving a problem is a completely different game. Writing the final code is only a 

tiny part of it. I admit that even when all the algorithms are fully specified, writing a good 

program is not always a joke, in particular, when the program is pretty huge and involves 

cooperation of many programmers. Think of the Linux operating system which was developed 

by thousands of free-lance programmers all over the globe. The system works pretty 

harmoniously and reportedly with much less bugs than software from commercial giants like 

Microsoft. 

First notice that your code may be understood and augmented by third parties in your absence. 

Even if you flood your code with documentation, its readability is not ensured. An important 

thing you require is a design document. That is not at the programming level, but at a more 

abstract level. 

Data abstraction is the first step. A problem is a problem of its own nature. It deals with input 

and output in specified formats not related to any computer program. For example, a weather 

forecast system reads gigantic databases and outputs some prediction. Where is C coming in the 

picture in this behavioral description? One can use any other computer language, perhaps 

assembly languages, or even hand calculations, to arrive at the solution. 

Assume that you are taught the natural language English pretty well. You are also given a plot. 

Your problem is to write an attractive detective story in English. Is it a trivial matter? I think it is 

not quite so, at least for most of us. You have to carefully plan about your characters, the 

location, the sequence, the suspense, and what not. Each such planning step involves many 

things that have nothing to do with English. The murderer is to be modeled as a human being, an 

abstract data, together with a set of behaviors, a set of abstract procedures. There is no English 

till this point. A language is necessary only when you want to give a specific concrete form to 

these abstract things. 

Still, you cannot perhaps be a Conan Doyle or Christie, neither in plot design nor in expressions. 

Well, they are geniuses. However, if you plan carefully and master English reasonably well to 

arrive at a decent and sleek production, who knows, you may be the script-writer for the next 

Bollywood blockbuster? 

What is an abstract data type? 

An abstract data type (ADT) is an object with a generic description independent of 

implementation details. This description includes a specification of the components from which 

the object is made and also the behavioral details of the object. Instances of abstract objects 

include mathematical objects (like numbers, polynomials, integrals, vectors), physical objects 

(like pulleys, floating bodies, missiles), animate objects (dogs, Pterodactyls, Indians) and objects 

(like poverty, honesty, inflation) that are abstract even in the natural language sense. You do not 
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see C in Pterodactyls. Only when you want to simulate a flying Pterodactyl, you would think of 

using a graphics package in tandem with a computer language. Similarly, inflation is an abstract 

concept. When you want to model it and want to predict it for the next 10 years, you would think 

of writing an extrapolation program in C. 

Specifying only the components of an object does not suffice. Depending on the problem you are 

going to solve, you should also identify the properties and behaviors of the object and perhaps 

additionally the pattern of interaction of the object with other objects of same and/or different 

types. Thus in order to define an ADT we need to specify: 

 The components of an object of the ADT. 

 A set of procedures that provide the behavioral description of objects belonging to the 

ADT. 

There may be thousands of ways in which a given ADT can be implemented, even when the 

coding language remains constant. Any such implementation must comply with the content-wise 

and behavioral description of the ADT. 

Examples 

 Integers: An integer is an abstract data type having the standard mathematical meaning. 

In order that integers may be useful, we also need to specify operations (arithmetic 

operations, gcd, square root etc.) and relations (ordering, congruence etc.) on integers. 

 Real numbers: There are mathematically rigorous ways of defining real numbers 

(Dedekind cuts, completion of rational numbers, etc). To avoid these mathematical 

details, let us plan to represent real numbers by decimal expansions (not necessarily 

terminating). Real numbers satisfy standard arithmetic and other operations and the usual 

ordering. 

 Complex numbers: A complex number may be mathematically treated as an ordered 

pair of real numbers. An understanding of real numbers is then sufficient to represent 

complex numbers. However, the complex arithmetic is markedly different from the real 

arithmetic. 

 Polynomials with real (or complex or integer or rational) coefficients with the standard 

arithmetic. 

 Matrices with real (or complex or integer or rational) entries with the standard matrix 

arithmetic (which may include dimension, rank, nullity, etc). 

 Sets are unordered collections of elements. We may restrict our study to sets of real (or 

complex) numbers and talk about union, intersection, complement and other standard 

operations on sets. 

 A multiset is an unordered collection of elements (say, numbers), where each element is 

allowed to have multiple occurrences. For example, an aquarium is a multiset of fish 

types. One can add or delete fishes to or from an aquarium. 

 A book is an ADT with attributes like name, author(s), ISBN, number of pages, subject, 

etc. You may think of relations like comparison of difficulty levels of two books. 
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How to implement an abstract data type? 

It is now and only now when you think about writing C codes. Carefully investigate the 

specification of the ADT and possible target applications where this ADT is going to be used. 

Plan for suitable C constructs to provide the appropriate functionality with good performance. 

Try to exploit your experience with C. But fully understand what you are going to implement, 

the limitations, the expected performance figures, the ease of code maintenance, and a lot of 

related issues. After all, you have to market your product. 

Examples 

 Integers: Oh, my! C provides so many integer variables and still I have to write my 

integers. Yep! You may have to. For most common-place applications C's built-in integer 

data types are sufficient. But not always. Suppose my target application is designing a 

cryptosystem, where one deals with very big integers, like those of bit-sizes one to 

several thousand bits. Our C's maximum integer length is 64 bits. That is grossly 

inadequate to address the cryptosystem designer's problem. ANSI standards dictate use of 

integers of length at most 32 bits, which are even poorer for cryptography, but at the 

minimum portable across platforms. At any rate, you need your customized integer data 

types. 

A common strategy is to break big integers into pieces and store each piece in a built-in 

data type. To an inexperienced user breaking with respect to the decimal representation 

seems easy and intuitive. But computer's world is binary. So breaking with respect to the 

binary representation is much more efficient in terms of space and running time. So we 

plan to use an array of unsigned long variables to store the bits of a big integer. Each 

such variable is a 32-bit word and is capable of storing 32 bits of a big integer. Therefore, 

if we plan to work with integers of size no larger than 10,000 bits, we require an array of 

size no more than 313 unsigned long variables. The zeroth location of the array holds 

the least significant 32 bits of a big integer, the first location the next 32 bits, and so on. 

Since all integers are not necessarily of size 10,000 bits, it is also necessary to store the 

actual word-size of a big integer. Finally, if we also plan to allow negative integers, we 

should also reserve a location for storing the sign information. So here is a possible 

implementation of the big integer data type. 

   typedef struct { 

      unsigned long words[313]; 

      unsigned int wordSize; 

      unsigned char sign; 

   } bigint; 

This sounds okay, but has an efficiency problem. When you pass a bigint data to a 

function, the entire words array is copied element-by-element. That leads to unreasonable 

overheads during parameter passing. We can instead use an array of 315 unsigned 

long variables and use its 313-th and 314-th locations to store the size and sign 
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information. The first 313 locations (at indexes 0 through 312) represent the magnitude of 

the integer as before. 

   #define SIZEIDX 313 

   #define SIGNIDX 314 

   typedef unsigned long goodbigint[315]; 

Now goodbigint is a simple array and so passing it to a function means only a pointer is 

passed. Quite efficient, right? 

These big integers are big enough for cryptographic applications, but cannot represent 

integers bigger than big, for example, integers of bit-size millions to billions. Whenever 

we use static arrays, we have to put an upper limit on the size. If we have to deal with 

integers of arbitrary sizes (as long as memory permits), we have no option other than 

using dynamic memory and allocate the exact amount of memory needed to store a very 

big integer. But then since the maximum index of the dynamic array is not fixed, we have 

to store the size and sign information at the beginning of the array. Thus the magnitude of 

the very big integer is stored starting from the second array index. This leads to 

somewhat clumsy translation between word indices and array indices. 

   #define SIZEIDX 0 

   #define SIGNIDX 1 

   typedef unsigned long *verybigint; 

A better strategy is to use a structure with a dynamic words pointer. 

   typedef struct { 

      unsigned long *words; 

      unsigned int size; 

      unsigned char sign; 

   } goodverybigint; 

So you have to pay a hell lot of attention, when implementation issues come. Good 

solutions come from experience and innovativeness. 

Being able to define integers for a variety of applications is not enough. We need to do 

arithmetic (add, subtract, multiply etc.) on these integers. It is beyond the scope of this 

elementary course to go into the details of these arithmetic routines. It suffices here only 

to highlight the difference between abstract specifications and application-specific 

implementations. Both are important. 

 Real numbers: Again C provides built-in implementations of real 

numbers: float, double and long double. If one has to use floating point numbers of 

higher precision, one has to go for private floating point data types and write arithmetic 

routines for these new data types. These are again topics too advanced for this course. 
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 Complex numbers: If we are happy with real numbers of double precision, the most 

natural way to define a complex number is the following: 

    typedef struct { 

       double real; 

       double imag; 

    } complex; 

Let us also illustrate the implementation of some arithmetic routines on complex 

numbers: 

   complex cadd ( complex z1 , complex z2 ) 

   { 

      complex z; 

      z.real = z1.real + z2.real; 

      z.imag = z1.imag + z2.imag; 

      return z; 

   } 

 

   complex cmul ( complex z1 , comple z2 ) 

   { 

      complex z; 

      z.real = z1.real * z2.real - z1.imag * z2.imag; 

      z.imag = z1.real * z2.imag + z1.imag * z2.real; 

      return z; 

   } 

 

   complex conj ( complex z1 ) 

   { 

      complex z; 

      z.real = z1.real; 

      z.imag = -z1.imag; 

      return z; 

   } 

 

   void cprn ( complex z ) 

   { 

      printf("(%lf) + i(%lf)", z.real, z.imag); 

   } 

 Matrices: Suppose we want to work with matrices having complex entries and suppose 

that the complex ADT has been defined as above. We may define matrices of bounded 

sizes as: 

    #define MAXROW 10 

    #define MAXCOL 15 

    typedef struct { 

       int rowdim; 

       int coldim; 
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       complex entry[MAXROW][MAXCOL]; 

    } matrix; 

Let us now implement some basic arithmetic operations on these matrices. 

   matrix msetid ( int n ) 

   { 

      matrix C; 

      int i, j; 

 

      if ((n > MAXROW) || (n > MAXCOL)) { 

         fprintf(stderr, "msetid: Matrix too big\n"); 

         C.rowdim = C.coldim = 0; 

         return C; 

      } 

      C.rowdim = C.coldim = n; 

      for (i = 0; i < C.rowdim; ++i) { 

         for (j = 0; j < C.coldim; ++j) { 

            A.entry[i][j].real = (i == j) ? 1 : 0; 

            A.entry[i][j].imag = 0; 

         } 

      } 

      return C; 

   } 

 

   matrix madd ( matrix A , matrix B ) 

   { 

      matrix C; 

      int i, j; 

 

      if ((A.rowdim != B.rowdim) || (A.coldim != B.coldim)) { 

         fprintf(stderr, "madd: Matrices of incompatible dimensions\n"); 

         C.rowdim = C.coldim = 0; 

         return C; 

      } 

 

      C.rowdim = A.rowdim; 

      C.coldim = A.coldim; 

      for (i = 0; i < C.rowdim; ++i) 

         for (j = 0; j < C.coldim; ++j) 

            C.entry[i][j] = cadd(A.entry[i][j],B.entry[i][j]); 

      return C; 

   } 

 

   matrix mmul ( matrix A , matrix B ) 

   { 

      matrix C; 
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      int i, j, k; 

      complex z; 

 

      if (A.coldim != B.rowdim) { 

         fprintf(stderr, "mmul: Matrices of incompatible dimensions\n"); 

         C.rowdim = C.coldim = 0; 

         return C; 

      } 

      C.rowdim = A.rowdim; 

      C.coldim = B.coldim; 

      for (i = 0; i < A.rowdim; ++i) { 

         for (j = 0; j < B.coldim; ++j) { 

            C.entry[i][j].real = 0; 

            C.entry[i][j].imag = 0; 

            for (k = 0; k < A.coldim; ++k) { 

               z = cmul(A.entry[i][k], B.entry[k][j]); 

               C.entry[i][j] = cadd(C.entry[i][j],z); 

            } 

         } 

      } 

      return C; 

   } 
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List (abstract data type) 

In computer science, a list or sequence is an abstract data type that implements a finite ordered 

collection of values, where the same value may occur more than once. An instance of a list is a 

computer representation of the mathematical concept of a finite sequence; the (potentially) 

infinite analog of a list is a stream. Lists are a basic example ofcontainers, as they contain other 

values. Each instance of a value in the list is usually called an item, entry, or element of the list; 

if the same value occurs multiple times, each occurrence is considered a distinct item. Lists are 

distinguished from arrays in that lists only allow sequential access, while arrays allow random 

access. 

 

 

A singly linked list structure, implementing a list with 3 integer elements. 

The name list is also used for several concrete data structures that can be used to implement 

abstract lists, especially linked lists. 

The so-called static list structures allow only inspection and enumeration of the values. 

A mutable or dynamic list may allow items to be inserted, replaced, or deleted during the list's 

existence. 

Many programming languages provide support for list data types, and have special syntax and 

semantics for lists and list operations. A list can often be constructed by writing the items in 

sequence, separated by commas, semicolons, or spaces, within a pair of delimiters such 

as parentheses '()', brackets '[]', braces '{}', or angle brackets '<>'. Some languages may allow list 

types to be indexed or sliced like array types, in which case the data type is more accurately 

described as an array. In object-oriented programming languages, lists are usually provided 

as instances of subclasses of a generic "list" class, and traversed via separate iterators. List data 

types are often implemented using array data structures or linked lists of some sort, but 
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other data structures may be more appropriate for some applications. In some contexts, such as 

in Lisp programming, the term list may refer specifically to a linked list rather than an array. 

In type theory and functional programming, abstract lists are usually defined inductively by four 

operations: nil that yields the empty list, cons, which adds an item at the beginning of a 

list, head, that returns the first element of a list, and tail that returns a list minus its first element. 

Formally, Peano's natural numbers can be defined as abstract lists with elements of unit type. 

Operations 

Implementation of the list data structure may provide some of the following operations: 

 a constructor for creating an empty list; 

 an operation for testing whether or not a list is empty; 

 an operation for prepending an entity to a list 

 an operation for appending an entity to a list 

 an operation for determining the first component (or the "head") of a list 

 an operation for referring to the list consisting of all the components of a list except for its 

first (this is called the "tail" of the list.) 

Characteristics 

Lists have the following properties: 

 The size of lists. It indicates how many elements there are in the list. 

 Equality of lists: 

 In mathematics, sometimes equality of lists is defined simply in terms of object identity: 

two lists are equal if and only if they are the same object. 

 In modern programming languages, equality of lists is normally defined in terms 

of structural equality of the corresponding entries, except that if the lists are typed, then 

the list types may also be relevant. 

 Lists may be typed. This implies that the entries in a list must have types that are compatible 

with the list's type. It is common that lists are typed when they are implemented using arrays. 
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 Each element in the list has an index. The first element commonly has index 0 or 1 (or some 

other predefined integer). Subsequent elements have indices that are 1 higher than the 

previous element. The last element has index <initial index> + <size> − 1. 

 It is possible to retrieve the element at a particular index. 

 It is possible to traverse the list in the order of increasing index. 

 It is possible to change the element at a particular index to a different value, without 

affecting any other elements. 

 It is possible to insert an element at a particular index. The indices of higher elements at 

that are increased by 1. 

 It is possible to remove an element at a particular index. The indices of higher elements 

at that are decreased by 1. 

Implementations 

Lists are typically implemented either as linked lists (either singly or doubly linked) or as arrays, 

usually variable length or dynamic arrays. 

The standard way of implementing lists, originating with the programming language Lisp, is to 

have each element of the list contain both its value and a pointer indicating the location of the 

next element in the list. This results in either a linked list or a tree, depending on whether the list 

has nested sublists. Some older Lisp implementations (such as the Lisp implementation of 

the Symbolics 3600) also supported "compressed lists" (using CDR coding) which had a special 

internal representation (invisible to the user). Lists can be manipulated 

using iteration or recursion. The former is often preferred in imperative programming languages, 

while the latter is the norm in functional languages. 

Lists can be implemented as self-balancing binary search trees holding index-value pairs, 

providing equal-time access to any element (e.g. all residing in the fringe, and internal nodes 

storing the right-most child's index, used to guide the search), taking the time logarithmic in the 

list's size, but as long as it doesn't change much will provide the illusion ofrandom access and 

enable swap, prefix and append operations in logarithmic time as well. 
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Applications 

As the name implies, lists can be used to store a list of records. The items in a list can be sorted 

for the purpose of fast search (binary search). 

Because in computing, lists are easier to realize than sets, a finite set in mathematical sense can 

be realized as a list with additional restrictions, that is, duplicate elements are disallowed and 

such that order is irrelevant. If the list is sorted, it speeds up determining if a given item is 

already in the set but in order to ensure the order, it requires more time to add new entry to the 

list. In efficient implementations, however, sets are implemented using self-balancing binary 

search trees or hash tables, rather than a list. 
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Linked List 

 

In computer science, a linked list is a data structure consisting of a group of nodes which 

together represent a sequence. Under the simplest form, each node is composed of a data and 

a reference (in other words, a link) to the next node in the sequence; more complex variants add 

additional links. This structure allows for efficient insertion or removal of elements from any 

position in the sequence. 

 

 
A linked list whose nodes contain two fields: an integer value and a link to the next node. The 

last node is linked to a terminator used to signify the end of the list. 

 

Linked lists are among the simplest and most common data structures. They can be used to 

implement several other common abstract data types, including lists (the abstract data 

type), stacks, queues, associative arrays, and S-expressions, though it is not uncommon to 

implement the other data structures directly without using a list as the basis of implementation. 

The principal benefit of a linked list over a conventional array is that the list elements can easily 

be inserted or removed without reallocation or reorganization of the entire structure because the 

data items need not be stored contiguously in memory or on disk. Linked lists allow insertion 

and removal of nodes at any point in the list, and can do so with a constant number of operations 

if the link previous to the link being added or removed is maintained during list traversal. 

On the other hand, simple linked lists by themselves do not allow random access to the data, or 

any form of efficient indexing. Thus, many basic operations — such as obtaining the last node of 

the list (assuming that the last node is not maintained as separate node reference in the list 

structure), or finding a node that contains a given datum, or locating the place where a new node 

should be inserted — may require scanning most or all of the list elements. The advantages and 

disadvantages of using linked lists are as follows:- 

Advantages: 

 Linked lists are a dynamic data structure, allocating the needed memory when the program is 

initiated. 

 Insertion and deletion node operations are easily implemented in a linked list. 

 Linear data structures such as stacks and queues are easily executed with a linked list. 

 They can reduce access time and may expand in real time without memory overhead. 

Disadvantages: 

 They have a tendency to waste memory due to pointers requiring extra storage space. 

 Nodes in a linked list must be read in order from the beginning as linked lists are 

inherently sequential access. 

 Nodes are stored incontiguously, greatly increasing the time required to access individual 

elements within the list. 
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 Difficulties arise in linked lists when it comes to reverse traversing. Singly linked lists are 

extremely difficult to navigate backwards, and while doubly linked lists are somewhat easier 

to read, memory is wasted in allocating space for a back pointer. 

Basic concepts and nomenclature[edit] 

Each record of a linked list is often called an element or node. 

The field of each node that contains the address of the next node is usually called 

the next link or next pointer. The remaining fields are known as 

the data, information,value, cargo, or payload fields. 

The head of a list is its first node. The tail of a list may refer either to the rest of the list after the 

head, or to the last node in the list. In Lisp and some derived languages, the next node may be 

called the cdr (pronounced could-er) of the list, while the payload of the head node may be 

called the car. 

Singly linked list[edit] 

Singly linked lists contain nodes which have a data field as well as a next field, which points to 

the next node in line of nodes. 

 
A singly linked list whose nodes contain two fields: an integer value and a link to the next node 

Doubly linked list[edit] 

Main article: Doubly linked list 

In a doubly linked list, each node contains, besides the next-node link, a second link field 

pointing to the previous node in the sequence. The two links may be calledforward(s) 

and backwards, or next and prev(previous). 

 
A doubly linked list whose nodes contain three fields: an integer value, the link forward to the 

next node, and the link backward to the previous node 

A technique known as XOR-linking allows a doubly linked list to be implemented using a single 

link field in each node. However, this technique requires the ability to do bit operations on 

addresses, and therefore may not be available in some high-level languages. 

Multiply linked list 

In a multiply linked list, each node contains two or more link fields, each field being used to 

connect the same set of data records in a different order (e.g., by name, by department, by date of 

birth, etc.). While doubly linked lists can be seen as special cases of multiply linked list, the fact 

that the two orders are opposite to each other leads to simpler and more efficient algorithms, so 

they are usually treated as a separate case. 

Circular list 

In the last node of a list, the link field often contains a null reference, a special value used to 

indicate the lack of further nodes. A less common convention is to make it point to the first node 
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of the list; in that case the list is said to be 'circular' or 'circularly linked'; otherwise it is said to be 

'open' or 'linear'. 

 
A circular linked list 

In the case of a circular doubly linked list, the only change that occurs is that the end, or "tail", of 

the said list is linked back to the front, or "head", of the list and vice versa. 

Sentinel nodes 

In some implementations, an extra sentinel or dummy node may be added before the first data 

record and/or after the last one. This convention simplifies and accelerates some list-handling 

algorithms, by ensuring that all links can be safely dereferenced and that every list (even one that 

contains no data elements) always has a "first" and "last" node. 

Empty lists 

An empty list is a list that contains no data records. This is usually the same as saying that it has 

zero nodes. If sentinel nodes are being used, the list is usually said to be empty when it has only 

sentinel nodes. 

Hash linking 

The link fields need not be physically part of the nodes. If the data records are stored in an array 

and referenced by their indices, the link field may be stored in a separate array with the same 

indices as the data records. 

List handles 

Since a reference to the first node gives access to the whole list, that reference is often called 

the address, pointer, or handle of the list. Algorithms that manipulate linked lists usually get 

such handles to the input lists and return the handles to the resulting lists. In fact, in the context 

of such algorithms, the word "list" often means "list handle". In some situations, however, it may 

be convenient to refer to a list by a handle that consists of two links, pointing to its first and last 

nodes. 

Combining alternatives 

The alternatives listed above may be arbitrarily combined in almost every way, so one may have 

circular doubly linked lists without sentinels, circular singly linked lists with sentinels, etc. 
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