DATA STRUCTURE THROUGH C IN DEPTH

DATA STRUCTURE THROUGH C IN DEPTH IS A FUNDAMENTAL ASPECT OF COMPUTER SCIENCE THAT ENABLES PROGRAMMERS TO
EFFICIENTLY MANAGE AND MANIPULATE DATA. UNDERSTANDING DATA STRUCTURES IS ESSENTIAL FOR WRITING EFFICIENT
ALGORITHMS AND IMPROVING THE PERFORMANCE OF APPLICATIONS. THIS ARTICLE WILL PROVIDE AN IN-DEPTH EXPLORATION OF
VARIOUS DATA STRUCTURES IMPLEMENTED IN C/ DISCUSSING THEIR CHARACTERISTICS, ADVANTAGES, DISADVANTAGES, AND
PRACTICAL APPLICATIONS.

UNDERSTANDING DATA STRUCTURES

DATA STRUCTURES ARE SPECIALIZED FORMATS FOR ORGANIZING, PROCESSING, AND STORING DATA. THEY ENABLE EFFICIENT
ACCESS AND MODIFICATION OF DATA, WHICH IS CRUCIAL FOR CREATING SCALABLE AND HIGH-PERFORMANCE APPLICATIONS. IN C,
DATA STRUCTURES CAN BE CATEGORIZED INTO TWO TYPES: PRIMITIVE AND NON-PRIMITIVE.

PriMITIVE DATA STRUCTURES

PRIMITIVE DATA STRUCTURES ARE THE BASIC BUILDING BLOCKS OF DATA MANIPULATION IN C. THEY INCLUDE:

1. INTEGERS - STORES WHOLE NUMBERS.

2. FLOATS - STORES DECIMAL NUMBERS.

3. CHARACTERS - REPRESENTS SINGLE CHARACTERS.

4. DOUBLE - STORES DOUBLE-PRECISION FLOATING-POINT NUMBERS.

THESE DATA TYPES DIRECTLY REPRESENT DATA AND HAVE A FIXED SIZE.

NoN-PrIMITIVE DATA STRUCTURES

NON-PRIMITIVE DATA STRUCTURES ARE MORE COMPLEX AND CAN BE CLASSIFIED INTO TWO MAIN CATEGORIES: LINEAR AND NON-
LINEAR.

1. LINEAR DATA STRUCTURES: THESE DATA STRUCTURES STORE DATA IN A SEQUENTIAL MANNER.

- ARRAYS: A COLLECTION OF ELEMENTS STORED AT CONTIGUOUS MEMORY LOCATIONS.

- ExaMPLE: 'INT ARR[ 10]:" DEFINES AN ARRAY OF 10 INTEGERS.

- LINKED LISTS: A COLLECTION OF NODES, WHERE EACH NODE CONTAINS DATA AND A REFERENCE (OR LINK) TO THE NEXT NODE.
- STACKS: A COLLECTION OF ELEMENTS THAT FoLLOWS THE LAST IN FIRsT OuT (LIFO) PRINCIPLE.

- QUEUES: A COLLECTION OF ELEMENTS THAT FOLLOWS THE FIRST IN FIRST OuT (FIFO) PRINCIPLE.

2. NoN-LINEAR DATA STRUCTURES: THESE DATA STRUCTURES STORE DATA IN A HIERARCHICAL MANNER.

- TREES: A HIERARCHICAL STRUCTURE CONSISTING OF NODES, WHERE EACH NODE HAS A VALUE AND REFERENCES TO CHILD
NODES.

- GRAPHS: A COLLECTION OF NODES (VERTICES) CONNECTED BY EDGES, REPRESENTING RELATIONSHIPS BETWEEN DATA ELEMENTS.

IMPLEMENTING DATA STRUCTURES IN C

THe C PROGRAMMING LANGUAGE PROVIDES VARIOUS WAYS TO IMPLEMENT AND MANAGE DATA STRUCTURES. BELOW ARE
EXAMPLES OF HOW TO IMPLEMENT SOME COMMON DATA STRUCTURES.



ARRAYS

ARRAYS ARE ONE OF THE SIMPLEST DATA STRUCTURES. THEY ARE USED TO STORE FIXED-SIZE SEQUENTIAL COLLECTIONS OF
ELEMENTS OF THE SAME TYPE.
AR Y
C
INCLUDE

INT MAINO) {

INT ARR[5] =1{1, 2, 3,4, 5}:
FOR(INT1=0;1<5; 1++) {
PRINTF("%oD , ARR[I]);

RETURN O;

}

ARNY

ADVANTAGES OF ARRAYS:
- FAST ACCESS TO ELEMENTS VIA INDEXING.
- MEMORY EFFICIENCY AS THEY STORE ELEMENTS IN CONTIGUOUS MEMORY LOCATIONS.

DISADVANTAGES OF ARRAYS:
- Fixeo SIZE, CANNOT BE RESIZED ONCE DEFINED.
- INSERTION AND DELETION OF ELEMENTS CAN BE COSTLY.

LiNkep LisTs

A LINKED LIST CONSISTS OF NODES WHERE EACH NODE CONTAINS DATA AND A POINTER TO THE NEXT NODE. THIS STRUCTURE
ALLOWS FOR DYNAMIC MEMORY ALLOCATION.

e

INCLUDE

INCLUDE

sTRUCT NobE {
INT DATA;
STRUCT NODE NEXT;

%,

voIp PRINTLIST(sTRUCT NoDE N) {
whHILE (N 1= NULL) {
PRINTF("%oD ”, N->DATA);

N = N->NEXT:
}

}

INT MAINO) {

STRUCT NobE HEAD = (STRUCT Nope)MALLOC(sIzeor(STRUCT NODE));
HEAD->DATA = 1;
HEAD->NEXT = NULL;

sTRUCT Nope second = (sTrRUCT Nobe)MALLoc(sIzeor(STRUCT NoDE));
SECOND->DATA = 2;

SECOND->NEXT = NULL;

HEAD->NEXT = SECOND; // LINK FIRST NODE WITH SECOND



PRINTLIST(HEAD);
RETURN O;

}

ARNY

ADVANTAGES OF LINKED LISTS:
- DYNAMIC SIZE; CAN GROW OR SHRINK AS NEEDED.
- EFFICIENT INSERTION AND DELETION OF ELEMENTS.

DISADVANTAGES OF LINKED LISTS:
- EXTRA MEMORY SPACE FOR POINTERS.
- SEQUENTIAL ACCESS; CANNOT ACCESS ELEMENTS DIRECTLY LIKE ARRAYS.

STACKS

A STACK IS A LINEAR DATA STRUCTURE THAT FOLLOWS THE LIFO PRINCIPLE. |IT CAN BE IMPLEMENTED USING ARRAYS OR LINKED
LISTS.

e

INCLUDE

INCLUDE

perINE MAX 10

STRUCT STACK {
INT TOP;

INT 1TEMS[MAX];
};

voIb INTSTAck(sTRUCT STACK S) {
s->Top =-1;

3

INT 1sSFuLL(sTRUCT STACK S) {
RETURN S->Top == MAX - 1;

}

INT ISEMPTY(sTRUCT STACK S) {
RETURN S->Top == -1;

}

VOID PUSH(STRUCT STACK S, INT ITEM) {
iF (isFuLL(s)) {
PRINTF("STACK IS FULL\N);
}eLse {
s->1Tems[++(s->Top)] = ITeM;
}

}

INT PoP(STRUCT STACK ) {
iF (1sEmpTY(s)) {
PRINTF(”STACK IS EMPTY\N"):
RETURN - 1;

} EeLse {

RETURN S=>ITeMs[(s->Tor)--];
}

}



INT MAINQ) {

STRUCT STACK STACK;

INITSTACK(§STACK):;

pUSH(§sTACK, 1);

PUSH(§STACK, 2);

PRINTF("9YoD POPPED FROM STACK\N”, POP(FSTACK));
RETURN O

3
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ADVANTAGES OF STACKS:
- SIMPLE IMPLEMENTATION.
- USEFUL IN RECURSIVE PROGRAMMING AND EXPRESSION EVALUATION.

DISADVANTAGES OF STACKS:
- Size LIMITATION (IN ARRAY IMPLEMENTATION).
- DIFFICULT TO ACCESS ELEMENTS OTHER THAN THE TOP ONE.

QUEUES

A QUEUE IS A LINEAR DATA STRUCTURE THAT FOLLOWS THE FIFO PRINCIPLE. |T CAN ALSO BE IMPLEMENTED USING ARRAYS OR
LINKED LISTS.

e

INCLUDE

INCLUDE

DeFINE MAX 10

sTRUCT QUEUE {
INT 1TEMS[MAX];
INT FRONT, REAR;

%,

voId INTQUEUE(sTRUCT QUEUE Q) {
Q->FRONT = -1
Q->REAR =-1:

}

INT 1sSFULL(sTRUCT QUEUE Q) {
RETURN Q->REAR == MAX - 1:

}

INT 1ISEMPTY(sTRUCT QUEUE Q) {

RETURN Q->FRONT == -1 || Q->FRONT > Q->REAR;
}

voID ENQUEUE(STRUCT QUEUE Q, INT ITEM) {

iF (isFuLL(@)) {
PRINTF(”QUEUE 1S FULL\N"):

}eLse {

IF (Q->FRONT == -1) Q->FRONT = O;
Q->ITEMs[++(Q->REAR)] = ITEM;

}

}

INT DEQUEUE(sTRUCT QUEUE Q) {



iF (sEmpTY(Q)) {
PRINTF(”QUEUE 1S EMPTY\N");
RETURN - 1;

¥ eLse {

RETURN Q->ITEMS[(Q->FRONT )++];
}

}

INT MAINQ) {

STRUCT QUEUE QUEUE;

INITQUEUE(S QUEUE);

ENQUEUE(FQUEUE, 1);

ENQUEUE(TQUEUE, 2);

PRINTF(" YD DEQUEUED FROM QUEUE\N", DEQUEUE(TQUEUE));
RETURN O

3
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ADVANTAGES OF QUEUES:
- USEFUL FOR SCHEDULING AND MANAGING TASKS.
- SIMPLE IMPLEMENTATION.

DISADVANTAGES OF QUEUES:
- SIZE LIMITATION (IN ARRAY IMPLEMENTATION).
- ACCESSING ELEMENTS OTHER THAN THE FRONT ONE CAN BE INEFFICIENT.

ADVANCED DATA STRUCTURES

IN ADDITION TO BASIC DATA STRUCTURES, C ALSO ALLOWS THE IMPLEMENTATION OF MORE ADVANCED STRUCTURES LIKE TREES
AND GRAPHS.

Trees

A TREE IS A NON-LINEAR DATA STRUCTURE THAT CONSISTS OF NODES CONNECTED BY EDGES. EACH TREE HAS A ROOT NODE AND
SUB-NODES.

- BINARY TREES: EACH NODE HAS AT MOST TWO CHILDREN.

- BINARY SEARCH TREES (BST) A BINARY TREE WHERE THE LEFT CHILD IS LESS THAN THE PARENT AND THE RIGHT CHILD IS
GREATER.

\\\C

INCLUDE

INCLUDE

STRUCT TReeNoDE §

INT DATA;

STRUCT TREENODE LEFT;
STRUCT TREENODE RIGHT;

3,

STRUCT TreeNoDE NEwNODE(INT DATA) {

sTRUCT TreeNobe Nope = (STRUCT TreeNoDe)MALLOC(sIZEoF(STRUCT TReeNODE));
NODE->DATA = DATA:

NODE->LEFT = NODE->RIGHT = NULL;

RETURN NODE;



vOID INORDER(STRUCT TREENODE ROOT) {
IF (rRooT 1= NULL) {
INORDER(ROOT->LEFT);

PRINTF("YoD ”, ROOT->DATA);
INORDER(ROOT->RIGHT);

}
}

INT MAINQ) {

sTRUCT TreeNoDE RooT = NewNoDe( 1);
ROOT->LEFT = NEWNODE(2);
ROOT->RIGHT = NEWNODE(3):
INORDER(ROOT):

RETURN O

3

A

ADVANTAGES OF TREES:
- HIERARCHICAL DATA REPRESENTATION.
- EFFICIENT SEARCHING, INSERTING, AND DELETING.

DISADVANTAGES OF TREES:
- COMPLEXITY IN IMPLEMENTATION.
- UNBALANCED TREES CAN LEAD TO INEFFICIENCIES.

GRAPHS

GRAPHS ARE A COLLECTION OF NODES CONNECTED BY EDGES. THEY CAN BE DIRECTED OR UNDIRECTED.

- ADJACENCY MATRIX: A 2D ARRAY USED TO REPRESENT A GRAPH.

- ADJACENCY LIST: A LIST WHERE EACH NODE HAS A LIST OF ITS ADJACENT NODES.
e

INCLUDE

INCLUDE

STRUCT GRAPH {
INT VERTICES;
INT ADJMATRIX;

%

STRUCT GRAPH CREATEGRAPH(INT VERTICES) {
STRUCT GRAPH GRAPH = (STRUCT GRAPH)MALLOC(SIZEOF(STRUCT GRAPH));
GRAPH->VERTICES = VERTICES;

FREQUENTLY AskeD QUESTIONS

\WHAT ARE THE FUNDAMENTAL DATA STRUCTURES COVERED IN ‘DATA STRUCTURES
THROUGH C IN DepTH'?

THE FUNDAMENTAL DATA STRUCTURES COVERED INCLUDE ARRAYS, LINKED LISTS, STACKS, QUEUES, TREES, GRAPHS, AND HASH
TABLES.



How poEes ‘DATA STRUCTURES THROUGH C IN DEPTH' EXPLAIN THE CONCEPT OF
POINTERS?

THE BOOK EXPLAINS POINTERS AS VARIABLES THAT STORE MEMORY ADDRESSES, EMPHASIZING THEIR ROLE IN DYNAMIC MEMORY
ALLOCATION AND THE MANIPULATION OF DATA STRUCTURES.

\W/HAT IS THE IMPORTANCE OF TIME COMPLEXITY ANALYSIS IN DATA STRUCTURES AS
DISCUSSED IN THE BOOK?

TIME COMPLEXITY ANALYSIS IS CRUCIAL FOR EVALUATING THE EFFICIENCY OF ALGORITHMS ASSOCIATED WITH DATA
STRUCTURES, HELPING DEVELOPERS CHOOSE THE MOST SUITABLE STRUCTURE FOR THEIR NEEDS.

CAN YOU EXPLAIN HOW THE BOOK APPROACHES THE IMPLEMENTATION OF LINKED LISTS
IN C?

THE BOOK PROVIDES A STEP-BY-STEP GUIDE FOR IMPLEMENTING SINGLY AND DOUBLY LINKED LISTS, COMPLETE WITH CODE
EXAMPLES AND EXPLANATIONS OF OPERATIONS LIKE INSERTION, DELETION, AND TRAVERSAL.

\WHAT ARE SOME REAL-WORLD APPLICATIONS OF DATA STRUCTURES COVERED IN
'‘DATA STRUCTURES THROUGH C IN DEPTH'?

REAL-WORLD APPLICATIONS INCLUDE MANAGING DATABASES (USING TREES AND HASH TABLES), IMPLEMENTING CACHES (USING
STACKS AND QUEUES)/ AND NETWORK ROUTING ALGORITHMS (USING GRAPHS).

How DOES THE BOOK ADDRESS THE CONCEPT OF RECURSION IN RELATION TO DATA
STRUCTURES?

THE BOOK DISCUSSES RECURSION AS A CRITICAL TECHNIQUE FOR TRAVERSING COMPLEX DATA STRUCTURES LIKE TREES AND
GRAPHS, PROVIDING EXAMPLES AND CODE SNIPPETS TO ILLUSTRATE ITS USE.

\W/HAT ROLE DO ALGORITHMS PLAY IN THE UNDERSTANDING OF DATA STRUCTURES IN
THIS BOOK?

ALGORITHMS ARE INTEGRAL TO THE UNDERSTANDING OF DATA STRUCTURES, WITH THE BOOK DETAILING VARIOUS ALGORITHMS
FOR SEARCHING, SORTING, AND MANIPULATING DATA WITHIN THESE STRUCTURES.
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