roadmap



Absolutely! Let’s create a complete, top-tier roadmap to master C from beginner to
advanced, structured like a tech school curriculum. I'll break it down into stages, with
concepts, practice, and projects at each step.

«2» C Programming Roadmap

Stage 1: Foundations (0-2 weeks)

Goal: Understand the language basics, compilation, and simple programs.
Topics:

e Introduction to C:
o History, uses, why C is important
o Structure of a C program (main( ), headers, #include)
e Data types and variables:
o 1int, float, double, char, _Bool
Constants and literals
Input/output:
o printf, scanf
e Operators:
o Arithmetic, relational, logical, bitwise, assignment
e Control flow:
o if-else, switch-case
o Loops: for,while, do-while

Practice:

e Write simple calculators
e Print patterns (triangles, pyramids)
e Simple guessing games

Stage 2: Functions & Modular Programming (2—4
weeks)



Goal: Learn to break programs into reusable components.

Topics:
e Defining and calling functions
e Function parameters and return types
e Scope and lifetime of variables (local, global, static)
e Recursion
e Header files and modular code
Practice:

e Factorial, Fibonacci (iterative & recursive)
e Prime number check
e Modularize your calculator program into functions

Stage 3: Arrays, Strings, and Memory (3-5 weeks)

Goal: Learn data storage and memory handling.
Topics:

e Arrays:

o 1D and 2D arrays

o Array manipulation and traversal
e Strings:

o Character arrays, string functions (strlen, strcpy, strcmp)
e Pointers:

o Pointer basics, pointer arithmetic

o Pointer and arrays relationship
e Dynamic memory allocation:

o malloc(), calloc(), realloc(), free()
e Memory concepts:

o Stack vs heap

o Static vs dynamic variables

Practice:

e Reverse a string
e Matrix addition/multiplication
e Dynamic array resizing program




Stage 4: Advanced Pointers & Structures (4—6 weeks)

Goal: Understand complex memory management and custom data types.
Topics:

Pointers to pointers

Function pointers

Structures (struct)

Nested structures

typedef and enumerations
Memory alignment and padding

Practice:

e Implement a student record system with structs
e Create a linked list of structs

Stage 5: Data Structures in C (6—8 weeks)

Goal: Build core computer science skills in C.
Topics:

Linked list (single, double, circular)

Stack and queue using arrays and linked lists
Trees (binary tree, BST)

Hash tables (basic implementation)

Graph basics (adjacency list/matrix)

Practice:

e Stack and queue implementations
e Binary search tree insertion, deletion, traversal
e Simple graph traversal (BFS/DFS)

Stage 6: File /0 and System Programming (2—4 weeks)

Goal: Handle persistent data and understand OS-level interaction.

Topics:



File operations (fopen, fread, fwrite, fclose)
Text vs binary files

Command-line arguments

Error handling (errno, perror)

System calls basics (fork, exec, pipe)

Practice:

e Logfile parser
e Simple database using binary files
e Small shell program

Stage 7: Debugging, Optimization, and Best Practices

Goal: Write robust, efficient, maintainable C code.
Topics:

Debugging with gdb or IDE debugger

Valgrind for memory leaks

Performance optimization (loops, memory access)
Modular code, comments, and coding style
Understanding compiler warnings and errors

Practice:

e Find and fix memory leaks in dynamic programs
e Optimize matrix multiplication for cache efficiency

Stage 8: Projects (Hands-on Experience)

Goal: Apply everything learned in real programs.

Project Ideas:

Memory Manager: Implement a small heap manager with malloc/free.
Mini Shell: Command-line interpreter with fork () and exec().

Text Editor: Simple file editor (insert, delete, save).

Game: Tic-Tac-Toe or Snake using arrays and structures.

Data Structures Library: Stack, queue, linked list, tree library.

abrwd -~




Stage 9: Advanced Topics (Optional / Mastery)

Multi-threading (pthread)

Socket programming (networking)

Embedded C (microcontrollers, 1oT)

Interfacing with hardware / memory-mapped I/O

«®* Learning Tips

Practice daily: C is very hands-on; writing code is critical.

Understand memory: Every variable, pointer, and allocation matters.

Use debugging tools: gdb, Valgrind, and compiler warnings will teach a lot.
Build projects: Projects consolidate learning faster than exercises alone.
Read C code: Open-source C projects teach style and best practices.

ok 0w~

If you want, | can make a visual roadmap diagram showing Stage 1 — Stage 9 with
memory, pointers, data structures, OS topics, like a top-tier tech school C curriculum.

Do you want me to do that?



Excellent — thanks for confirming! Since your file contains C exercises from basics to
advanced, | can now outline what kinds of software engineer interview questions you can
expect, based on that skill set.

Here’s a breakdown:

% 1. Core C Questions (Foundational Level)

You'll be expected to explain and code small snippets:

Variables & Data Types: difference between int, float, double, char, long.

Control Flow: if, switch, for, while, do-while.

Operators: bitwise, logical, ternary, and shift operators.

Functions: declaration, definition, and calling conventions.

Scope & Lifetime: auto, static, extern, register.

<~ Example questions:

What is the difference between ++i and i++?



What happens when you return from main() in C?

What is static used for in functions or global variables?

~ 2. Memory & Pointers (Intermediate Level)

Employers love testing this, since it's C’s hallmark.

Pointers basics: declaration, dereference, pointer arithmetic.

Arrays vs pointers.

Pointer to pointer, function pointers, void pointers.

Dynamic memory allocation: malloc, calloc, realloc, free.

Common pitfalls: dangling pointers, memory leaks, segmentation faults.

<~ Example questions:



What'’s the difference between char *str = "abc"; and char str[] = "abc";?

How to pass a pointer to a function?

What happens if you free() the same pointer twice?

£ 3. Data Structures (Applied C Coding)

If your exercises include linked lists, stacks, or sorting — expect coding tests:

Linked list (insert, delete, reverse, detect cycle)

Stack / Queue (using array or linked list)

Tree traversal (inorder, preorder, postorder)

Sorting algorithms (bubble, insertion, merge, quicksort)

Searching algorithms (linear, binary search)

<~ Example questions:



Implement a function to reverse a singly linked list.

Implement gsort() manually.

How would you check if a binary tree is balanced?

J 4. Advanced / System Level

If your exercises go up to file I/O and memory management, expect:

File operations: fopen, fclose, fscanf, fprintf, fread, fwrite.

Structures and typedefs

Unions and bitfields

Preprocessor directives: #define, #ifdef, macros.

Error handling and exit codes

Command-line arguments (argc, argv)



Basic understanding of OS concepts: stack vs heap, process memory layout.

<~ Example questions:

Difference between structure and union?

What does #define MAX(a,b) macro do — and what'’s the pitfall?

How do you handle binary file 1/07?

- 5. Algorithmic Challenges (Practical Tests)

You might get small coding tasks like:

Reverse a string without using strrev().

Count words in a sentence.

Find duplicates in an array.



Check if a number is prime.

Simulate your own strcmp() or strlen().

%’ 6. Bonus (for strong candidates)

If your exercises go into more complex logic (like your Prisoner’s Dilemma project):

Finite State Machines, simulation loops, probabilistic logic.

Profiling and performance (complexity, memory use).

Modular design — splitting code into .h and .c files.

@ 7. Recommendations to Prepare

If you want to prepare for real interviews:



1. Practice short coding tasks (10—-15 minutes each).

2. Explain your thought process out loud — interviewers value clarity.

3. Use LeetCode’s “Easy” C problems to warm up (search “C only” problems).

4. Be ready to talk about your projects — what you implemented, how you debugged, what
you optimized.

Would you like me to:

), Review your uploaded file directly to estimate your current C level (like beginner /
intermediate / strong),

or

[ ] Generate a personalized interview question list tailored to your exact exercises?

(If you choose the first, I'll analyze your code now.)






Here are 20 well-balanced C interview questions — ranging from fundamentals to
intermediate and system-level — that will test both theory and coding understanding -

% Basic Level

1. What is the difference between declaration and definition of a variable?
2. What happens when you return from main()?
3. Explain the difference between ++1i and i++.

What is the output of this code?
inta=>5;

printf("%d %d %d", a, a++, ++a);

4.
5. What is the difference between char *str =
"abc" ;?

abc"; and char str[] =

J- Pointers & Memory

What is a dangling pointer?

What is the difference between malloc() and calloc()?

What happens if you free() the same pointer twice?

How would you pass a pointer to a function, and why would you do that?

0. What is the difference between pointer to pointer (int **p) and array of pointers
(int *p[])?

6
7
8
9
1

= Data Structures & Algorithms

11. Write a function to reverse a linked list in C.

12. Implement a simple stack using an array.

13. Explain how to detect a cycle in a linked list.

14. How would you implement bubble sort or quick sort in C?

15. What is the time complexity of searching in a sorted array using binary search?

Advanced / System Level

16. What is the difference between exit () and return from main()?
17. What does the C runtime do before and after main( ) executes?



18. What are static and extern variables used for?

19. What happens when you dereference a NULL pointer?

20. How does a function call work at the machine level (stack frame, return address,
arguments)?

Would you like me to give model answers to each (short and clear, like for an interview
cheat sheet)?



exercises



Absolutely! | can create exercises for you in C, ranging from beginner to advanced. I'll also
organize them so you can progressively practice key concepts. Here’s a structured set:

Beginner Exercises
1. Hello World
e Write a program that prints Hello, World! to the screen.

2. Variables and Input

e Ask the user for their name and age, then print a greeting:
"Hello [name], you are [age] years old."

3. Basic Arithmetic

e Take two integers as input and print their sum, difference, product, and quotient.
4. Even or Odd

e Write a program to check if a number entered by the user is even or odd.
5. Largest of Three Numbers

e Take three numbers as input and print the largest.

Intermediate Exercises

6. Prime Number Check

e Ask the user for a number and determine if it is prime.
7. Factorial

e Compute the factorial of a number using a for loop.
8. Fibonacci Series

e Print the first n Fibonacci numbers using a while loop.
9. Arrays

e |nput 5 integers into an array, then print the sum and average.



10. Reverse an Array

e Reverse the elements of an array and print the result.
11. String Manipulation

e Input a string and count the number of vowels and consonants.
12. Simple Calculator

e Implement a calculator that can add, subtract, multiply, and divide using a switch
statement.

Advanced Exercises

13. Pointers

e Swap two numbers using pointers.
14. Dynamic Memory

e Allocate memory for an array of integers dynamically and calculate the sum.
15. Structures

e Define a struct for a student with name, roll number, and marks. Input data for
3 students and print them.

16. File 1/0

e Write a program that writes 10 numbers to a file, then reads and prints them.
17. Linked List (Singly)

e Implement a linked list with insert, delete, and print operations.
18. Recursion

e \Write a recursive function to calculate the factorial of a number.
e \Write a recursive function to print the Fibonacci sequence.

19. Sorting
e Implement Bubble Sort and Selection Sort for an array of integers.
20. Matrix Operations

e Input two matrices and compute their sum and product.



If you want, | can create a PDF-style exercise sheet with hints and space for answers, or
| can give solutions step by step so you can practice and check your work.

Do you want me to make it with solutions, or just exercises to try on your own?



stage 6



im following your C roadmap, can you explain better this stage: Stage 6: File I/O and System
Programming (2—4 weeks) Goal: Handle persistent data and understand OS-level
interaction. Topics: File operations (fopen, fread, fwrite, fclose) Text vs binary files
Command-line arguments Error handling (errno, perror) System calls basics (fork, exec,
pipe) Practice: Log file parser Simple database using binary files Small shell program

ChatGPT said:
Perfect — this is one of the most exciting (and powerful) stages of learning C, because it's

where your programs stop being “temporary” and start interacting with the real computer
system. Let’s break Stage 6 into clear concepts, skill goals, and project ideas -

% Main Goal

By the end of this stage, you’ll be able to:

e Read and write data permanently to files.
e Understand how C programs talk to the operating system.

e Use system calls to create child processes, run other programs, and connect them
together.

e Build simple but real-world utilities like a logger, mini-database, or shell.

= 1. File Operations (fopen, fread, fwrite, fclose)

C gives you two main ways to access files:

a) Text files
Used for human-readable data (like . txt or .csv).

FILE *fp = fopen("data.txt", "r"); // open for reading
if (!fp) |
perror("fopen failed");
return 1;
}
char buffer[100];
while (fgets(buffer, sizeof(buffer), fp)) {
printf("%s", buffer);



}
fclose(fp);

b) Binary files
Used for raw data (numbers, structs, etc.).

FILE *fp = fopen("data.bin", "wb");
int nums[] = {19, 20, 30};
fwrite(nums, sizeof(int), 3, fp);
fclose(fp);

Reading binary:

FILE *fp = fopen("data.bin", "rb");
int nums[3];

fread(nums, sizeof(int), 3, fp);
fclose(fp);

Practice:

e Write a program that copies one file to another.

e Save an array of struct to a binary file, then read it back.

sty

== 2. Command-Line Arguments

These are the parameters you give your program when running from the terminal:

./myprog input.txt output.txt

Code:

int main(int argc, char *argv[]) {
if (argc !'= 3) {

printf("Usage: %s input output\n", argv[@]);

return 1;

}

printf("Input file: %s\n", argv[1]);



printf("Output file: %s\n", argv([2]);

Practice:

e Write a program that takes a filename as an argument and prints its contents.

I 3. Error Handling (errno, perror)

When a standard library call fails, it sets a global variable errno.
You can print the error message using perror () or strerror(errno).

#include <errno.h>
#include <string.h>

FILE *fp = fopen('"no_file.txt", "r");
if (!fp) {
perror("Error opening file");
printf("errno = %d (%s)\n", errno, strerror(errno));

Practice:

e Intentionally open a non-existent file to see how errors behave.

J- 4. System Calls Basics

System calls are low-level functions that talk directly to the OS kernel (UNIX/Linux).
They are what standard C functions like fopen() are built on.

You'll learn a few:

fork() — creates a child process

#include <unistd.h>
#include <stdio.h>

int main() {



pid_t pid = fork();
if (pid == 0) {

printf("Child process\n");
} else {

printf("Parent process\n");

exec () —replaces the current process image

Used to run another program:

execl("/bin/1s", "1ls", "-1", NULL);

pipe() — allows two processes to communicate

You can send data between processes, like connecting output of one to input of another.

i Practice Projects

Log File Parser

e Read a text log file.
e Parse and count entries (e.g., count how many “ERROR” lines).

e Write a summary to another file.

2)Simple Database (Binary Files)

e Createastruct Employee { int id; char name[20]; float salary;

b
e Save and load multiple employees using fwrite() / fread().

e Add, list, search, and delete records.

(3)Mini Shell



e Read a command line from user (fgets).
e Use fork() and exec() to run commands like 1s, pwd, or cat.

e Wait for child process using wait().

This helps you understand how the Linux terminal works inside.

« Tips
e Always check file pointers and return codes.

e Learn to use man pages for system calls:
e.g.man 2 fork,man 2 exec,man 3 fopen

e If you’re on Windows, many system calls are Unix-only — use WSL (Windows
Subsystem for Linux).

Would you like me to make a 2—4 week study plan (with daily/weekly tasks and exercises)
for this Stage 67 It will guide you through learning and building the projects step by step.

You said:
can you elaborate on the practice projects, aka give code

ChatGPT said:

Perfect — let’s go deep into the three practice projects of Stage 6: File /0 and System
Programming.

We'll build each one step by step, starting with basic versions that actually work, and that
you can extend later.

% Project 1: Log File Parser

@ Goal:

Read a log file (text), count how many lines contain "ERROR" or "WARNING", and print a
summary.

= Example log file (Log. txt):

il



[INFO] Server started

[WARNING] Low disk space
[ERROR] Failed to connect to DB
[INFO] Request handled

[ERROR] Timeout

= Code:

#include <stdio.h>
#include <string.h>
#include <stdlib.h>

int main() {
FILE *fp = fopen("log.txt", "r");

if (!fp) A
perror("Error opening file");
return 1;

}

char line[256];
int errors = 0, warnings = 0, total = 0;

while (fgets(1line, sizeof(1line), fp)) {
total++;
if (strstr(line, "ERROR")) errors++;
if (strstr(line, "WARNING")) warnings++;

}

fclose(fp);

printf("=== Log Summary ===\n");
printf("Total lines: %d\n", total);
printf("Errors: %d\n", errors);
printf("Warnings: %d\n", warnings);
return 0;

“> Extensions:



e Save the summary to afile (summary . txt).
e Add timestamp filtering (e.g., only count today’s logs).

e Make the filename a command-line argument (argv|[1]).

) Project 2: Simple Database Using Binary Files

@ Goal:

Store and retrieve structured data (like employees) permanently in a binary file.

£ Struct definition:
#include <stdio.h>
#include <stdlib.h>

#include <string.h>

typedef struct {
int id;
char name[50];
float salary;
} Employee;

= Code (menu-driven database):

#include <stdio.h>
#include <stdlib.h>
#include <string.h>

typedef struct {
int id;
char name[50];
float salary;
} Employee;

void addEmployee(FILE *fp) {
Employee e;
printf("Enter ID: ");
scanf("%d", &e.id);



printf("Enter name: ");
scanf("%s", e.name);
printf("Enter salary: ");
scanf("%f", &e.salary);

fseek(fp, 0, SEEK_END);
fwrite(&e, sizeof(Employee), 1, fp);
printf("Employee added.\n");

}

void listEmployees(FILE *fp) {
rewind(fp);
Employee e;

printf("\n=== Employee List ===\n");
while (fread(&e, sizeof(Employee), 1, fp) == 1) {
printf("ID: %d, Name: %s, Salary: %.2f\n", e.id, e.name,
e.salary);

}

void searchEmployee(FILE *fp) {
int id;
printf("Enter ID to search: ");
scanf("%d", &id);

rewind(fp);
Employee e;
while (fread(&e, sizeof(Employee), 1, fp) == 1) {
if (e.id == id) {
printf("Found: %d %s %.2f\n", e.id, e.name, e.salary);

return;
}
}
printf("Employee not found.\n");
}
int main() {
FILE *fp = fopen("database.bin", "r+b");
if ('fp) {
fp = fopen("database.bin", "w+b");
if (!fp) {



perror("Error opening file");
return 1;

int choice;
while (1)
printf("\n1. Add\n2. List\n3. Search\n4. Exit\n> ");
scanf("%d", &choice);
switch (choice) {
case 1: addEmployee(fp); break;
case 2: listEmployees(fp); break;
case 3: searchEmployee(fp); break;
case 4: fclose(fp); return 0;
default: printf("Invalid choice.\n");

“. Extensions:
e Add delete or update options.
e Sort by salary or name.

e Save last modification time in the record.

= Project 3: Mini Shell

@ Goal:
Make a simple shell that:

e Reads a command from user (like "1s -1"),
e Uses fork() to create a new process,

e Uses execvp( ) to run that command,



e Wa

its for the child process to finish.

= Code:

#include
#include
#include
#include
#include
#include

#define
#define

int main
char

char

whil

<stdio.h>
<stdlib.h>
<string.h>
<unistd.h>
<sys/types.h>
<sys/wait.h>

MAX_INPUT 256
MAX_ARGS 10

() A
input [MAX_INPUT];
*args[MAX_ARGS] ;

e (1) {
printf("myshell> ");
fflush(stdout);

if (!fgets(input, sizeof(input), stdin)) break; // Ctrl+D

input[strcspn(input, "\n")] = '\@'; // remove newline

// Exit command
if (strcmp(input, "exit") == 0) break;

// Tokenize input into arguments

int 1 = 0;

args[i] = strtok(input, " ");

while (args[i] && i < MAX_ARGS - 1) {
i++;
args[i] = strtok(NULL, " ");

}
args[i] = NULL;

pid_t pid = fork();

if (pid == @) {
execvp(args[@], args);
perror("exec failed");
exit(1);



} else if (pid > 0) {
wait(NULL);

} else {
perror("fork failed");

printf("Exiting shell.\n");
return 0;

> Extensions:

e Add command history.
e Handle background processes (1s &).

e Implement cd built-in using chdir ().

Suggested Learning Path (2—-4 weeks)

Wee Focus Projects
k
1 File 1/0 basics (fopen, fread, fwrite, Log file parser
fclose)
2 Binary file operations, structs Simple database
3 System calls: fork, exec, pipe Mini shell
4 Expand and combine features Shell with logging or database
integration

Would you like me to make a 4-week daily study plan for these 3 projects — including
practice milestones and testing ideas for each week? It will guide you day by day.



Alright, let’s roll everything into a full-featured mini log analyzer with a simple command-line
interface. This program will let you:

- Load a log file into memory (dynamic array + hash index).
- Run time range queries.

- Perform regex/substring searches in messages.

- Sort logs by timestamp.

- Export summaries (CSV).

Here’s a complete example:

include <stdio.h>

include <stdlib.h>

include <string.h>

include <time.h>

include <regex.h>

define MAX_TIMESTAMP 32

define MAX_LEVEL 16



define MAX_MESSAGE 256

define HASH_SIZE 16

typedef struct {
char timestamp[MAX_TIMESTAMP];
char level[MAX_LEVEL];
char message[MAX_MESSAGE];

} LogEntry;

typedef struct {
LogEntry *entries;
size t size;
size_t capacity;

} LogArray;

typedef struct Bucket {
char level[MAX_LEVEL];
LogArray entries;
struct Bucket *next;

} Bucket;

Bucket *hashTable[HASH_SIZE] = {0};

void initLogArray(LogArray *arr) {



arr->entries = NULL;
arr->size = 0;

arr->capacity = 0;

void pushLog(LogArray *arr, LogEntry entry) {
if (arr->size == arr->capacity) {
arr->capacity = arr->capacity ? arr->capacity * 2 : 8;
arr->entries = realloc(arr->entries, arr->capacity * sizeof(LogEntry));
if (arr->entries) { perror("realloc"); exit(EXIT_FAILURE); }

}

arr->entries[arr->size++] = entry;

unsigned hash(const char *s) {
unsigned h = 0;
while (s) h=(h 31) + *s++;

return h % HASH_SIZE;

void insertLog(const char *level, LogEntry entry) {
unsigned idx = hash(level);

Bucket *b = hashTable[idx];

while (b && strcmp(b->level, level) != 0) b = b->next;



if (b) {
b = malloc(sizeof(Bucket));
strcpy(b->level, level);
initLogArray(&b->entries);
b->next = hashTable[idx];
hashTable[idx] = b;

}

pushLog(&b->entries, entry);

LogEntry parseLine(const char *line) {
LogEntry entry;
memset(&entry, 0, sizeof(LogEntry));
sscanf(line, "%31s %15s %[™n]",
entry.timestamp,
entry.level,
entry.message);

return entry;

time_t parseTimestamp(const char *ts) {
struct tm t = {0};

strptime(ts, "%Y-%m-%d %H:%M:%S", &t);



return mktime(&t);

void filterByTimeRange(LogArray arr, const char start, const char *end) {
time_t tStart = parseTimestamp(start);

time_ttEnd = parseTimestamp(end);

printf("Logs between %s and %s:\n", start, end);
for (size_ti=0;i < arr->size; i++) {
time_t t = parseTimestamp(arr->entries[i].timestamp);
if (t >= tStart && t <= tEnd) {
printf("[%s] %s - %s\n",
arr->entries[i].timestamp,
arr->entriesi].level,

arr->entries[i].message);

void searchMessage(LogArray arr, const char pattern) {
regex_t regex;
if (regcomp(&regex, pattern, REGICASE | REGNOSUB) != 0) {
fprintf(stderr, "Invalid regex\n");

return;



printf("Logs matching /%s/:\n", pattern);
for (size_ti = 0; i < arr->size; i++) {
if (regexec(&regex, arr->entries[i].message, 0, NULL, 0) == 0) {
printf("[%s] %s - %s\n",
arr->entries[i].timestamp,
arr->entriesi].level,

arr->entries[i].message);

}

regfree(&regex);

int compareByTimestamp(const void a, const void b) {
const LogEntry ea = (const LogEntry )a;
const LogEntry eb = (const LogEntry )b;
time_t ta = parseTimestamp(ea->timestamp);
time_t tb = parseTimestamp(eb->timestamp);

return (ta > tb) - (ta < tb);

void sortLogs(LogArray *arr) {

gsort(arr->entries, arr->size, sizeof(LogEntry), compareByTimestamp);

void exportSummary(const char *filename) {



FILE *out = fopen(filename, "w");

if (lout) { perror("fopen"); return; }

fprintf(out, "Level,Count\n");
for (inti=0;i<HASH_SIZE; i++) {
for (Bucket *b = hashTable[i]; b; b = b->next) {

fprintf(out, "%s,%zu\n", b->level, b->entries.size);

}

fclose(out);

printf("Summary exported to %s\n", filename);

int main(int argc, char *argv[]) {
if (argc < 2) {

fprintf(stderr, "Usage: %s lodfile.txt [options]\n", argv[0]);
fprintf(stderr, "Options:\n");
fprintf(stderr, " --range START END Filter logs by time range\n");
fprintf(stderr, " --search PATTERN Search logs by regex\n");
fprintf(stderr, " --sort Sort logs by timestamp\n");
fprintf(stderr, " --export FILE Export summary to CSV\n");

return 1;

FILE *fp = fopen(argv[1], "r");



if (Ifp) { perror("fopen”); return 1; }

char line[512];
LogArray allLogs;

initLogArray(&allLogs);

while (fgets(line, sizeof(line), fp)) {
LogEntry entry = parseLine(line);
pushLog(&allLogs, entry);
insertLog(entry.level, entry);

}

fclose(fp);

// Process options
for (inti=2;i<argc; i++) {
if (strcmp(argv[i], "--range") == 0 && i + 2 < argc) {
filterByTimeRange(&allLogs, argv[i+1], argv[i+2]);
i +=2;
} else if (strcmp(argv]i], "--search") == 0 && i + 1 < argc) {
searchMessage(&allLogs, argv[i+1]);
i++;
} else if (stremp(argvli], "--sort") == 0) {
sortLogs(&allLogs);
printf("Logs sorted by timestamp.\n");
} else if (stremp(argv]i], "--export") == 0 && i + 1 < argc) {

exportSummary(argvi+1]);



i++:

/I Example: print first log after sorting
if (allLogs.size > 0) {
printf("\nFirst log entry:\n");
printf("[%s] %s - %s\n",
allLogs.entries[0].timestamp,
allLogs.entries[0].level,

allLogs.entries[0].message);

/l Cleanup
for (inti = 0; i < HASH_SIZE; i++) {
Bucket *b = hashTable[i];
while (b) {
Bucket *next = b->next;
free(b->entries.entries);
free(b);

b = next;

}

free(allLogs.entries);

return O;



¥ Example Usage

“bash

Filter logs between two timestamps

Janalyzer logfile.txt --range "2025-10-13 16:00:00" "2025-10-13 17:00:00"

Search for "error" in messages

Janalyzer lodfile.txt --search "error"

Sort logs and then export summary

Janalyzer lodfile.txt --sort --export summary.csv

This is now a command-line log analyzer with modular features. You can extend it further
with:

- Multiple filters combined (--range + --search).
- Output formatting (JSON, pretty tables).

- Streaming mode (read from stdin continuously).



<~ Do you want me to show you how to make the options combinable (e.g., filter + search +
sort in one run), so it behaves like a real query pipeline?



Perfect! Let’s upgrade the mini database so it supports:

e Sort by salary or name using an in-memory index
e Maintain multiple indexes: one by ID (already exists), one by name, one by salary

This allows fast lookups and sorting without scanning the whole file repeatedly.

% Implementation: Mini Database with Multi-field Indexes and Sorting
#include <stdio.h>
#include <stdlib.h>
#include <string.h>

#include <time.h>

#define MAX_EMPLOYEES 1000
#define DATA_FILE "database.bin"

#define LOCK_FILE "lock.tmp"

typedef struct {
int id;
char name[50];
float salary;
char modified[30]; // last modified timestamp

} Employee;

// Multi-field index structures
typedef struct { int id; long offset; } IndexByID;
typedef struct { char name[50]; long offset; } IndexByName;

typedef struct { float salary; long offset; } IndexBySalary;



/I Global indexes in memory

IndexByID indexID[MAX_EMPLOYEES];
IndexByName indexName[MAX_EMPLOYEES];
IndexBySalary indexSalary[MAX_EMPLOYEES];

int count = 0;

[/ Utility: timestamp

void getTimeString(char *buf, size_t size) {
time_t now = time(NULL);
struct tm *t = localtime(&now);

stritime(buf, size, "%Y-%m-%d %H:%M:%S", t);

/I --- Transaction / Lock ---

int acquireLock() {
FILE *lock = fopen(LOCK_FILE, "r");
if (lock) { fclose(lock); return 0; }
lock = fopen(LOCK_FILE, "w");
if (!lock) return O;
fclose(lock);
return 1;

}

void releaselLock() { remove(LOCK_FILE); }

// Better lock implementation



Perfect — we’ll go over both safe locking approaches:

1) Atomic file lock (using open() + O_EXCL) — portable, easy to understand.

2)System-level advisory lock (using flock()) — simpler, auto-releases on crash.

Each section includes full code, comments, and notes on how to use it in your mini database
safely.

£ 1JPOSIX Atomic File Lock — Safe Lock File (with stale-lock detection + retries)

Key idea:

Attempt to create the lock file atomically (O_CREAT | O_EXCL).

If it exists, someone else has the lock.

Optionally, read the PID inside to detect stale locks.

Retry for a timeout period.



Full code example

#include <stdio.h>
#include <unistd.h>
#include <fcntl.h>
#include <errno.h>
#include <string.h>
#include <stdlib.h>
#include <time.h>

#include <sys/stat.h>

#define LOCK_FILE "database.lock"
#define LOCK_TIMEOUT 10 // seconds to retry before giving up

#define STALE_TIMEOUT 30 // seconds before we assume stale lock

/[ Try to check if the lock file is stale (owner process dead or too old)
int isLockStale(const char *path) {
struct stat st;
if (stat(path, &st) != 0) return O; // cannot stat => doesn't exist
time_t now = time(NULL);
if (difftime(now, st.st_mtime) > STALE_TIMEOUT) return 1;

return O;

/I Attempt to acquire the lock safely

int acquireLockSafe(const char *path) {



time_t start = time(NULL);

while (1) {
int fd = open(path, O_WRONLY | O_CREAT | O_EXCL, 0644);
if (fd 1= -1) {
/I Successfully created file => we have the lock
char buf[64];
snprintf(buf, sizeof(buf), "%Id\n", (long)getpid());
write(fd, buf, strlen(buf));
close(fd);
printf("["4 Lock acquired by PID %ld\n", (long)getpid());

return 1;

Il Lock exists
if (errno == EEXIST) {
if (isLockStale(path)) {
printf(" 1\ Detected stale lock — removing.\n");
remove(path);

continue; // retry immediately

[/ Still valid, wait and retry
if (difftime(time(NULL), start) > LOCK_TIMEOUT) {
printf(">{ Timeout waiting for lock.\n");

return O;



}

printf(" — Lock busy, retrying...\n");
sleep(1);

continue;

/I Other error
perror("open");

return O;

/I Release the lock
void releaseLockSafe(const char *path) {
if (remove(path) == 0)
printf(" i Lock released.\n");
else

perror("remove");

/I --- Example usage ---
int main() {
if (lacquireLockSafe(LOCK_FILE)) {
printf("Could not acquire lock, exiting.\n");

return 1;



printf("Performing write transaction...\n");

sleep(3); // simulate database write

releaseLockSafe(LOCK_FILE);

return O;

., What happens here

1. Each writer calls acquireLockSafe() before writing.

2. If the file doesn’t exist, it's created atomically — lock acquired.

3. If the file exists:

Check its age. If older than STALE_TIMEOUT, assume stale and delete.

Otherwise retry every second for LOCK_TIMEOUT seconds.



4. On success, write the current process PID into the lock file (helpful for debugging).

5. On release, simply remove the lock file.

4 Pros

Atomic and safe from race conditions (O_EXCL + O_CREAT ensures only one succeeds).

Works across processes and languages.

Easy to implement with timeouts.

I\ Cons

Requires explicit cleanup of stale locks.

Slightly slower due to retry loops.



%2 Advisory Lock with flock()

Key idea:
Use OS-level advisory locks.

flock() works on an open file descriptor and auto-releases the lock when the process exits or
the file closes.

Full code example

#include <stdio.h>
#include <stdlib.h>
#include <unistd.h>
#include <sys/file.h>
#include <fcntl.h>

#include <errno.h>

#define DB_FILE "database.bin"

int acquireFlock(int fd) {

if (flock(fd, LOCK_EX) == 0) {



printf("[%4 Flock acquired.\n");
return 1;

}else {
perror("flock");

return O;

void releaseFlock(int fd) {
if (flock(fd, LOCK_UN) == 0)
printf(" i Flock released.\n");
else

perror("flock unlock");

int main() {
int fd = open(DB_FILE, O_RDWR | O_CREAT, 0644);
if (fd ==-1){
perror("open");

return 1;

if (lacquireFlock(fd)) {
close(fd);

return 1;



// Simulate writing to DB
printf("Performing transaction...\n");

sleep(3);

releaseFlock(fd);

close(fd);

return O;

., How it works

flock(fd, LOCK_EX) requests an exclusive lock on the open file descriptor.

Any other process trying to get a lock with LOCK_EX will block until the first one releases it
(or returns EWOULDBLOCK if using non-blocking).

When the file is closed or the process terminates, the kernel automatically releases the lock
— no stale locks!



4 Pros

Simpler — no need to manage lock files manually.

Automatically released on process crash or file close.

True OS-level mutual exclusion.

I\ Cons

Only works for processes on the same machine and filesystem.

Requires both readers/writers to cooperate using flock.

> When to use which

Use case Recommended approach

Multi-process on same host [%4 flock() — easiest and safest

Need cross-language or cross-machine coordination 74 Atomic file lock (O_EXCL)

Need lock debugging info (PID, timestamps)[4 File lock with PID writing



Lightweight single-threaded database Either is fine

(4 TL;DR

Atomic File Lock (open(O_EXCL)):
Good for portability and inspecting lock status manually.

— Needs stale detection and retry logic.

flock():
Simpler, kernel-managed, automatically cleaned.

— Works great for single-machine database concurrency.

If you want, | can show you how to integrate one of these locking systems directly into your
mini database C code (the one with add/search/update/delete + indexes).

Would you like me to show that next?



/Il --- Load indexes ---
void loadIndexes() {
FILE *fp = fopen(DATA_FILE, "rb");
if (!fp) { count = 0; return; }
Employee €;
long offset;
count = 0;
while (fread(&e, sizeof(Employee), 1, fp) == 1){
offset = ftell(fp) - sizeof(Employee);
indexID[count].id = e.id; indexID[count].offset = offset;
strcpy(indexName[count].name, e.name); indexName[count].offset = offset;
indexSalary[count].salary = e.salary; indexSalary[count].offset = offset;
count++;

}

fclose(fp);

/I Comparison functions for sorting

int cmplD(const void *a, const void *b) {
IndexBylID *ia = (IndexByID *)a;
IndexByID *ib = (IndexByID *)b;
return ia->id - ib->id;

}

int cnpName(const void *a, const void *b) {

IndexByName *ia = (IndexByName *)a;



IndexByName *ib = (IndexByName *)b;
return strcmp(ia->name, ib->name);

}

int cmpSalary(const void *a, const void *b) {
IndexBySalary *ia = (IndexBySalary *)a;
IndexBySalary *ib = (IndexBySalary *)b;
if (ila->salary < ib->salary) return -1;
if (ila->salary > ib->salary) return 1;

return O;

/I --- CRUD Operations ---
void addEmployee() {

if (lacquireLock()) { printf("Database busy\n"); return; }

FILE *fp = fopen(DATA_FILE, "ab");

if (I1fp) { perror("Error opening file"); releaselLock(); return; }

Employee €;
printf("Enter ID: "); scanf("%d", &e.id);

for(int i=0;i<count;i++) if(indexID[i].id==e.id){printf("ID exists!\n"); fclose(fp); releaseLock();
return;}

printf("Enter Name: "); scanf("%s", e.name);
printf("Enter Salary: "); scanf("%f", &e.salary);

getTimeString(e.modified, sizeof(e.modified));

fseek(fp, 0, SEEK_END);



long offset = ftell(fp);
fwrite(&e, sizeof(Employee), 1, fp);

fclose(fp);

/I Update all indexes

indexID[count].id = e.id; indexID[count].offset = offset;
strcpy(indexName[count].name, e.name); indexName[count].offset = offset;
indexSalary[count].salary = e.salary; indexSalary[count].offset = offset;

count++;

I/l Keep ID index sorted for binary search

gsort(indexID, count, sizeof(IndexByID), cmplD);

printf("Employee added.\n");

releaselLock();

void listEmployees(int sortField) {
FILE *fp = fopen(DATA_FILE, "rb");

if (!1fp) { printf("No data.\n"); return; }

printf("\n=== Employee List ===\n");

for(int i=0;i<count;i++){

long offset;

if(sortField==1) offset=indexID[i].offset;



else if(sortField==2) offset=indexName[i].offset;

else offset=indexSalary[i].offset;

fseek(fp, offset, SEEK_SET);

Employee e;

fread(&e, sizeof(Employee), 1, fp);

printf("ID:%d | Name:%-15s | Salary:%.2f | Modified:%s\n",

e.id, e.name, e.salary, e.modified);

fclose(fp);

/I Search by ID using index
void searchEmployee() {
int id;
printf("Enter ID: "); scanf("%d",&id);
int left=0,right=count-1,found=-1;
while(left<=right){
int mid=(left+right)/2;
if(indexID[mid].id==id){found=mid; break;}
else if(indexID[mid].id<id) left=mid+1;
else right=mid-1;
}

if(found==-1){printf("Not found.\n"); return;}



FILE *fp=fopen(DATA_FILE,"rb");

fseek(fp,indexID[found].offset, SEEK_SET);

Employee e; fread(&e,sizeof(Employee),1,fp);

printf("Found: ID:%d | Name:%s | Salary:%.2f | Modified:%s\n",
e.id,e.name,e.salary,e.modified);

fclose(fp);

void updateEmployee() {

if(lacquireLock()){printf("Database busy\n"); return;}

int id;

printf("Enter ID: "); scanf("%d",&id);

int left=0,right=count-1,found=-1;

while(left<=right){
int mid=(left+right)/2;
if(indexID[mid].id==id){found=mid; break;}
else if(indexID[mid].id<id) left=mid+1;
else right=mid-1;

}

if(found==-1){printf("Not found\n"); releaselLock(); return;}

FILE *fp=fopen(DATA_FILE,"r+b");

fseek(fp,indexID[found].offset, SEEK_SET);

Employee e; fread(&e,sizeof(Employee),1,fp);

printf("Current Name:%s, Salary:%.2f\n",e.name,e.salary);



printf("New Name: "); scanf("%s",e.name);
printf("New Salary: "); scanf("%f",&e.salary);

getTimeString(e.modified,sizeof(e.modified));

fseek(fp,indexID[found].offset, SEEK_SET);
fwrite(&e,sizeof(Employee),1,fp);

fclose(fp);

/I Update name and salary indexes

for(int i=0;i<count;i++){
if(indexNameli].offset==indexID[found].offset) { strcpy(indexName[i].name,e.name); }
if(indexSalary[i].offset==indexID[found].offset) { indexSalaryl[i].salary=e.salary; }

}

gsort(indexName,count,sizeof(IndexByName),cmpName);

gsort(indexSalary,count,sizeof(IndexBySalary),cmpSalary);

printf("Employee updated.\n");

releaselock();

void deleteEmployee() {
if(lacquireLock(){printf("Database busy\n"); return;}

int id; printf("Enter ID: "); scanf("%d",&id);

int found=-1;

for(int i=0;i<count;i++) if(indexID[i].id==id){found=i; break;}



if(found==-1){printf("Not found\n"); releaseLock(); return;}

FILE *fp=fopen(DATA_FILE,"rb");
FILE *temp=fopen("temp.bin","wb");
Employee e;
for(int i=0;i<count;i++){
fseek(fp,indexID[i].offset, SEEK_SET);
fread(&e,sizeof(Employee),1,p);
if(e.id!=id) fwrite(&e,sizeof(Employee),1,temp);
}
fclose(fp); fclose(temp);

remove(DATA_FILE); rename("temp.bin",DATA_FILE);

/I Remove from all indexes
for(int i=found;i<count-1;i++ )
indexID[i]=indexID[i+1];
indexNameJi]=indexName[i+1];
indexSalary[i]=indexSalary[i+1];
}
count--;
gsort(indexID,count,sizeof(IndexByID),cmplID);
gsort(indexName,count,sizeof(IndexByName),cmpName);

gsort(indexSalary,count,sizeof(IndexBySalary),cmpSalary);

printf("Employee deleted.\n");

releaselLock();



Il --- Menu ---
int main() {
loadIndexes();
int choice, sortField=1; // default sort by ID
while(1)X
printf("\n=== Mini Employee DB ===\n");
printf("1. Add\n2. List\n3. Search\n4. Update\n5. Delete\n6. Set Sort Field\n7. Exit\n>");
scanf("%d",&choice);
switch(choice){
case 1: addEmployee(); break;
case 2: listEmployees(sortField); break;
case 3: searchEmployee(); break;
case 4: updateEmployee(); break;
case 5: deleteEmployee(); break;
case 6:
printf("Sort by: 1.ID 2.Name 3.Salary > "); scanf("%d",&sortField);
if(sortField==2) gsort(indexName,count,sizeof(IndexByName),cmpName);
else if(sortField==3) gsort(indexSalary,count,sizeof(IndexBySalary),cmpSalary);
else sortField=1;
break;
case 7: exit(0);

default: printf("Invalid choice.\n");



"4 New Features Added

Feature Description

Multi-field Index indexID, indexName, indexSalary
allow fast lookups and sorting

Sort by name/salary Uses gsort on in-memory indexes; list
displays sorted order without scanning file
repeatedly

Update/Delete maintain indexes When record changes, update

corresponding index entries and re-sort

Transaction (lock) Prevents concurrent writes by creating a

lock file

How it Works

1. Add: Append to file, update all indexes, sort ID index.

2. List: Choose index (ID/Name/Salary) to display sorted records.

3. Update/Delete: Modify file, update in-memory indexes, maintain sorting.

4. Search by ID: Binary search on ID index (fast).

5. Sorting: Sort indexes in memory; file remains unchanged.

This is essentially a mini in-memory database with persistence, indexing, sorting, and
simple transaction support.

If you want, | can upgrade this next to support:



e Multi-field queries (e.g., salary > 1000 AND name starts with "A")
e Persistent index files so the index is not rebuilt every time.

Do you want me to do that?



Awesome ®=® — you're about to turn your mini shell into something that starts behaving like
a real Bash clone — supporting:

%4 Command chaining with

&& — run next only if previous succeeds

|| — run next only if previous fails

{4 Background execution with

& — run without waiting (non-blocking)

= Full Code — Mini Shell v3 (with &, ||, and &)

Here’s the complete, ready-to-compile version:

#include <stdio.h>

#include <stdlib.h>
#include <string.h>
#include <unistd.h>

#include <sys/types.h>



#include <sys/wait.h>
#include <fcntl.h>

#include <errno.h>

#define MAX_INPUT 256
#define MAX_ARGS 20

#define HISTORY_SIZE 10

/l --- Command history ---
char history[HISTORY_SIZE][MAX_INPUT];

int history_count = 0;

void add_history(const char *cmd) {
if (history_count < HISTORY_SIZE)
strcpy(history[history _count++], cmd);
else {
for (inti=1;i < HISTORY_SIZE; i++)
strcpy(history[i - 1], historyli]);

strepy(history[HISTORY_SIZE - 1], cmd);

void show_history() {
for (inti = 0; i < history_count; i++)

printf("%d: %s\n", i + 1, historyl[i]);



/[ --- Parse command into args ---
int parse_command(char *input, char **args, char **input_file, char **output_file) {
*input_file = NULL;

*output_file = NULL,;

char *in_pos = strchr(input, '<');
if (in_pos) {
*in_pos ="0";

*input_file = strtok(in_pos + 1, " ");

char *out_pos = strchr(input, '>');
if (out_pos) {
*out_pos ="\0';

*output_file = strtok(out_pos + 1, " ");

inti=0;

argsli] = strtok(input, " ");

while (args[i] && i < MAX_ARGS - 1)
args[++i] = strtok(NULL, " ");

args[i] = NULL;

return i;



int execute_command(char **args, char *input_file, char *output_file, int background) {
pid_t pid = fork();
if (pid == 0) {
/Il Redirection
if (input_file) {
int fd = open(input_file, O_RDONLY);
if (fd < 0) { perror("input open"); exit(1); }
dup2(fd, STDIN_FILENO);
close(fd);
}
if (output_file) {
int fd = open(output_file, O_WRONLY | O_CREAT | O_TRUNC, 0644);
if (fd < 0) { perror("output open"); exit(1); }
dup2(fd, STDOUT_FILENO);

close(fd);

execvp(args|0], args);
perror("exec failed");
exit(errno);
} else if (pid > 0) {
int status = 0;
if ('lbackground)
waitpid(pid, &status, 0);

return WIFEXITED(status) ? WEXITSTATUS(status) : 1;



}else {
perror("fork failed");

return 1;

/I --- Execute single or chained commands ---
int run_single_command(char *cmd, int background) {
char *args[MAX_ARGS];

char *input_file, *output_file;

// Handle built-in commands first

if (strncmp(cmd, "cd ", 3) == 0) {
char *dir = cmd + 3;
if (chdir(dir) != Q) perror("cd failed");
return O;

}

if (strcmp(cmd, "history") == 0) {
show_history();

return O;

int argc = parse_command(cmd, args, &input_file, &output_file);

if (args[0] == NULL) return 0;

return execute_command(args, input_file, output_file, background);



void run_shell_line(char *line) {
char *cmd;

int last_status = 0;

/I Split by &&
cmd = strtok(line, "&&");
while (cmd = NULL) {
/I Check if || present
char *or_part = strstr(cmd, "||");
if (or_part) {
*or_part ="\0";
char *cmd1 = cmd;

char *cmd2 = or_part + 2;

last_status = run_single_command(cmd1, 0);

if (last_status != 0) // run cmd2 only if cmd1 failed
run_single_command(cmd2, 0);

} else {

/I Check for background execution

int background = 0;

char *amp = strchr(cmd, '&");

if (amp) {
*amp ="0";

background = 1;



last_status = run_single_command(cmd, background);

cmd = strtok(NULL, "&&");

int main() {

char inputfMAX_INPUT];

while (1) {

printf("myshell> ");

fflush(stdout);

if (ifgets(input, sizeof(input), stdin)) break;

input[strcspn(input, "\n")] = \0";

if (strlen(input) == 0) continue;

add_history(input);

if (strcemp(input, "exit") == 0)

break;

run_shell_line(input);



printf("Exiting shell.\n");

return O;

“2 What It Can Do Now

{74 Normal commands

Is

pwd

echo hello

(%4 Built-ins

cd /home

history

exit

{74 Redirection

Is > out.txt



cat < out.txt

{74 Background execution

sleep 5 &

(run in background, shell stays interactive)

%4 Command chaining

gcc main.c -o main && ./main

cat file.txt || echo "File not found"

% How It Works Internally

Feature Implementation

&& Split input by &&, run next only if previous succeeds

& Background flag passed to execute_command() (no waitpid)

Built-ins cd, history, exit handled before fork()

Redirection  Uses dup2() to replace stdin/stdout

History Circular buffer stores last 10 commands



If you'd like, | can help you add:

=] Pipelines (]) working with chaining and background

£ Environment variable expansion (SHOME, $PATH)

¢-) Command substitution like echo $(pwd)

Would you like me to continue to that “Stage 4: Fully Featured Mini Bash”?
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