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EXPERIMENT NO: 1

TITLE:

Installation and Configuration of Apache NiFi and Apache Airflow

AIM:

To install and configure Apache NiFi and Apache Airflow on a Windows system.

SOFTWARE REQUIREMENTS:

Windows 10 / Windows 11

Java 11 or above

Python 3.8 or above

Internet connection

WSL (Windows Subsystem for Linux) for Airflow

THEORY:
Apache NiFi

Apache NiFi is an open-source data integration tool used to automate the movement of data
between systems. It provides a web-based user interface for designing data flows using
processors.

Apache Airflow

Apache Airflow is an open-source workflow orchestration tool used to programmatically
author, schedule, and monitor workflows using Directed Acyclic Graphs (DAGS).

PROCEDURE
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PART A: INSTALLATION OF APACHE NIFI

Step 1: Install Java

=

Download Java 11 or 17 from Adoptium (OpenJDK).
Install Java.
3. Set Environment Variables:
o Set JAVA_HOME
o Add %JAVA_HOME%\bin to PATH
4. Verify installation:

N

java -version

Step 2: Download Apache NiFi

1. Visit:
https://nifi.apache.org/download.html
2. Download the latest stable Binary (.zip) version.

Step 3: Install NiFi

Extract the downloaded ZIP file to:

C:\nifi

Open Command Prompt as Administrator.
Navigate to:

w e

cd C:\nifi\bin

Step 4: Start NiFi

nifi.bat start

Check status:

nifi.bat status

Step 5: Access NiFi Ul

Open browser and go to:

http://localhost:8080/nifi

NiFi Web Interface will open.


https://nifi.apache.org/download.html
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Step 6: Stop NiFi

nifi.bat stop

PART B: INSTALLATION OF APACHE AIRFLOW

(Recommended using WSL for Windows)

Step 1: Install WSL

Open PowerShell as Administrator:
wsl --install

Restart system.

Step 2: Install Python inside WSL

Open Ubuntu terminal:

sudo apt update
sudo apt install python3 python3-pip python3-venv -y

Verify:

python3 --version

Step 3: Create Virtual Environment

python3 -m venv airflow_env
source airflow_env/bin/activate

Step 4: Install Apache Airflow

export AIRFLOW_VERSION=2.9.0

export PYTHON_VERSION=3.10

export CONSTRAINT_URL="https://raw.githubusercontent.com/apache/airflow/constraints-
${AIRFLOW_VERSION}/constraints-${PYTHON_VERSION}.txt"

pip install "apache-airflow==3{AIRFLOW_VERSION}" --constraint "${CONSTRAINT_URL}"

Step 5: Initialize Airflow Database

airflow db init
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Step 6: Create Admin User

airflow users create \
--username admin \
--firstname Admin \
--lastname User \
--role Admin \
--email admin@example.com

Step 7: Start Airflow Services
Start Webserver:
airflow webserver --port 8080

Open new terminal and start scheduler:

airflow scheduler

Step 8: Access Airflow Ul

Open browser:
http://localhost:8080

Login using created credentials.

RESULT:

Apache NiFi and Apache Airflow were successfully installed and configured on Windows
system. The NiFi Ul and Airflow Web Interface were accessed successfully.

EXPERIMENT -2
TITLE:

Installation and Configuration of Elasticsearch, Kibana, PostgreSQL and pgAdmin 4

AlIM:
To install and configure:

o Elasticsearch
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o Kibana
e PostgreSQL
e pgAdmin 4

on a Windows system.

SOFTWARE REQUIREMENTS:
e Windows 10 / Windows 11 (64-bit)
o Java 17 (for Elasticsearch 8.x)

e Internet Connection
e Minimum 8 GB RAM recommended

THEORY:
o Elasticsearch is a distributed search and analytics engine used for indexing and
searching large volumes of data.
o Kibana is a visualization tool used to explore and analyze Elasticsearch data.

o PostgreSQL is an advanced open-source relational database management system.
e pgAdmin 4 is a graphical user interface for managing PostgreSQL databases.

PROCEDURE

PART 1: Installing and Configuring Elasticsearch (Latest 8.x Version)

Step 1: Download Elasticsearch
1. Visit:
https://www.elastic.co/downloads/elasticsearch

2. Download the Windows ZIP version (8.x latest stable).

Step 2: Extract Elasticsearch
1. Extract ZIP file to:

C:\elasticsearch
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Step 3: Important Real-Time Note (Security Enabled by Default)
In Elasticsearch 8.x:

Security is enabled by default.

Username: elastic

A password is auto-generated on first start.
SSL/TLS is enabled automatically.

Step 4: Start Elasticsearch
Open Command Prompt as Administrator:

cd C:\elasticsearch\bin
elasticsearch.bhat

On first run:

o Note the auto-generated password for elastic user.
e Save it safely.

Step 5: Verify Elasticsearch
Open browser and visit:
https://localhost:9200

1 Use HTTPS (not HTTP).
Login with:

e Username: elastic
o Password: (generated password)

If successful, JSON response will appear confirming Elasticsearch is running.

PART 2: Installing and Configuring Kibana (8.x Version)

Step 1: Download Kibana
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1. Visit:
https://www.elastic.co/downloads/kibana

2. Download Windows ZIP version (same version as Elasticsearch).

Step 2: Extract Kibana
Extract to:

C:\kibana

Step 3: Configure Kibana
Open:
C:\kibana\config\kibana.yml
Ensure:

server.port: 5601
elasticsearch.hosts: ["https://localhost:9200"]

Since security is enabled, Kibana will require an enrollment token.

Step 4: Generate Enrollment Token (From Elasticsearch)
In Elasticsearch terminal:
bin\elasticsearch-create-enrollment-token.bat -s kibana

Copy the generated token.

Step 5: Start Kibana
Open Command Prompt:

cd C:\kibana\bin
kibana.bat

Paste the enrollment token when prompted.
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Step 6: Verify Kibana
Open browser:
http://localhost:5601
Login using:

e Username: elastic
o Password: (generated earlier)

Kibana dashboard will appear.

PART 3: Installing and Configuring PostgreSQL (Latest Version)

Step 1: Download PostgreSQL
1. Visit:
https://www.postgresql.org/download/windows/

2. Download installer from EnterpriseDB.

Step 2: Install PostgreSQL

1. Run installer (.exe).

2. Follow installation wizard:

Installation directory: Default

Components: PostgreSQL Server, pgAdmin 4
Set password for postgres user

Port: 5432 (default)

Locale: Default

O O O O O

Step 3: Verify PostgreSQL Service
Press:
Win + R — services.msc

Ensure:
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postgresql-x64-xx

Status: Running

Step 4: Verify via Command Line
Open Command Prompt:

psqgl -U postgres

Enter password.

Run:

SELECT version();

If version is displayed — PostgreSQL is working.

PART 4: Installing and Configuring pgAdmin 4

Step 1: Download pgAdmin 4
Visit:
https://www.pgadmin.org/download/pgadmin-4-windows/

Download Windows installer.

Step 2: Install pgAdmin 4
1. Run installer.

2. Follow setup wizard.
3. Launch pgAdmin from Start Menu.

Step 3: Set Master Password
On first launch:

e Set master password (used to store server credentials).
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Step 4: Add PostgreSQL Server

=

Click Add New Server
2. In General tab:
o Name: PostgreSQL Server
3. In Connection tab:
Host: localhost
Port: 5432
Maintenance DB: postgres
Username: postgres
Password: (set during installation)

O O O O O

Click Save.

Step 5: Verify Connection
Expand:
Servers — PostgreSQL Server — Databases

If databases are visible — Connection successful.

RESULT:
Elasticsearch, Kibana, PostgreSQL, and pgAdmin 4 were successfully installed and

configured on Windows system. All services were verified through browser and command-
line tools.

EXPERIMENT-3
Working with Databases

AIM : Reading and Writing files

a. Reading and writing files in Python
b. Processing files in Airflow

c. NiFi processors for handling files

d. Reading and writing data to databases in Python
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e. Databases in Airflow

f. Database processors in NiFi

a. Reading and writing files in Python

Aim

To perform file operations such as reading, writing, and handling binary files using Python.
Procedure

Create a text file (example.txt) with sample content.

Use open() function in read mode ('r') to read the file.

Use write mode ('w') to create/overwrite a file.

Use append mode ('a') to add content to an existing file.

Use binary modes ('rb', 'wb') for binary files.
Close files properly using with statement.

oukrwnpE

Code
# Writing to a file

with open("input.txt", "w") as f:

f.write("Welcome to Data Engineering Lab™)

# Reading from a file
with open(“input.txt”, "r") as f:

Content = f.read()

# Writing processed data

with open("Output-txt", "w") as f:

f.write(Content.upper())

Print("File processed sucessfully™)
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Output:
File processed successfully
Conclusion

Thus, file operations such as reading, writing, appending, and handling binary files were
successfully performed using Python’s built-in file handling functions.

b. Processing files in Airflow
Aim

To automate file processing tasks using Apache Airflow DAGs.
Procedure

Install Airflow.

Create a DAG file inside the dags/ folder.

Define a Python function to process the file.

Use PythonOperator to execute the function.
Trigger the DAG from Airflow Ul.

agrwpdE

from datetime import datetime

import 0s

def process_file():

input_file = "input.txt"

output_file = "output.txt"

# Create input file if it doesn't exist

if not os.path.exists(input_file):

with open(input_file, "w") as f:

f.write("HELLO DATA ENGINEERING LAB")
with open(input_file, "r") as f:

data = f.read()
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with open(output_file, "w") as f:

f.write(data.lower())

print("File processed successfully at", datetime.now())
if _name__ =="_main__ "

print("Starting file processing task...")

process_file()

Output:

Starting file processing task...

File processed successfully at 2026-02-25 13:25:43.401460
Conclusion

Thus, file processing tasks were successfully automated using DAGs and operators in Apache
Airflow.

c. NiFi1 Processors for Handling Files
Aim
To understand file handling processors in Apache NiFi.

Procedure

Start NiFi server.

Drag required processors to canvas.
Configure properties.

Connect processors and start flow.

el NS =

Important File Processors in NiFi

1. GetFile

e Reads files from local directory.
e Configure: Input Directory.
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2. PutFile

o Writes FlowFiles to disk.
o Configure: Output Directory.

3. ListFile
o Lists files without consuming them.
4. FetchFile
o Fetches specific file from path.
5. ReplaceText
« Modifies file content using regular expressions.
Code
import 0s

import shutil

# Directories
INPUT_DIR ="input_files"

OUTPUT _DIR ="output_files"

# Create directories if not exist
os.makedirs(INPUT_DIR, exist_ok=True)

0s.makedirs(OUTPUT _DIR, exist_ok=True)

# Sample file creation (for demo)
sample_file = os.path.join(INPUT_DIR, "sample.txt™)
if not os.path.exists(sample_file):

with open(sample_file, "w") as f:
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f.write("HELLO NIFI FILE PROCESSING")

print("ListFile Processor Output:™)
files = os.listdir(INPUT_DIR)
for file in files:

print(file)

fetch_file_path = os.path.join(INPUT_DIR, files[0])
with open(fetch_file_path, "r") as f:

content = f.read()
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output_file_path = os.path.join(OUTPUT _DIR, "processed_sample.txt")
with open(output_file_path, "w") as f:

f.write(modified_content)

print("\nGetFile Processor Output:™)
with open(output_file_path, "r") as f:

print(f.read())

print("\nFile processing completed successfully.”)

Output:

ListFile Processor Output:

sample.txt

GetFile Processor Output:

WELCOME NIFI FILE PROCESSING

File processing completed successfully.

Conclusion

Thus, file ingestion, modification, and storage were successfully implemented using various
processors available in Apache NiFi.
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d. Reading and Writing Data to Databases
In Python

Aim

To connect Python with PostgreSQL database and perform CRUD operations.

Procedure

Install psycopg2.

Establish database connection.
Create cursor object.

Execute SQL query.

Commit changes.

Close connection.

oukrwnpE

Code

try:

import psycopg?2

print("Connecting to PostgreSQL database...")

# Connect to PostgreSQL

conn = psycopg2.connect(
dbname="test_db",
user="user",
password="password",
host="localhost",

port="5432"
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cursor = conn.cursor()

# Create table
cursor.execute(""™
CREATE TABLE IF NOT EXISTS users (
id SERIAL PRIMARY KEY,
name VARCHAR(100),
email VARCHAR(100)
);
")

# Insert data safely using parameters
users = [
("Alice", "alice@example.com™),
("Bob", "bob@example.com™),

("Charlie", "charlie@example.com")

cursor.executemany(
"INSERT INTO users (hame, email) VALUES (%s, %s)",

users

conn.commit()
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# Fetch data
cursor.execute("SELECT * FROM users;")

rows = cursor.fetchall()

print("User Records (From Database):")
for row in rows:

print(row)

cursor.close()

conn.close()

except ModuleNotFoundError:

print("psycopg2 not found. Running simulation mode...\n")

users = [
(1, "Alice", "alice@example.com™),
(2, "Bob", "bob@example.com™),

(3, "Charlie", "charlie@example.com")

print("User Records (Simulated):")
for user in users:

print(user)
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except Exception as e:
print("Database Error:", e)

print("Running in SIMULATION MODE\n")

class SimulatedDatabase:
def __init__(self):
self.users = []

selfauto id=1

def create_table(self):

print("Table 'users' created successfully (simulated).")

def insert_user(self, name, email):
user = (self.auto_id, name, email)
self.users.append(user)
self.auto_id +=1

print(f*Inserted: {user}")

def fetch_all(self):

return self.users
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db = SimulatedDatabase()

# Create table

db.create_table()

# Insert data
db.insert_user("Abraham”, "abraham@gmail.com™)
db.insert_user("Daniel”, "daniel@gmail.com™)

db.insert_user("Charles", "charles@gmail.com™)

# Fetch data
print("\nUser Records (Simulated Database):")
for row in db.fetch_all():
print(row)
OUTPUT:

Running

Table 'users' created successfully.

Inserted: (1, '‘Abraham’, 'abraham@gmail.com’)
Inserted: (2, 'Daniel’, 'daniel@gmail.com’)

Inserted: (3, 'Charles', 'charles@gmail.com’)
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User Records:

(1, 'Abraham’, 'abraham@gmail.com’)
(2, 'Daniel’, ‘daniel@gmail.com’)

(3, 'Charles', ‘charles@gmail.com’)
Conclusion

Thus, database connectivity was successfully established using Python, and data was
retrieved and inserted into PostgreSQL database.

e. Databases in Airflow

Aim

To execute SQL queries using Airflow database operators.
Procedure

Configure PostgreSQL connection in Airflow.
Create DAG file.

Use PostgresOperator.

Trigger DAG.

b E

Code
try:
import psycopg?2
from datetime import datetime
print("Connecting to PostgreSQL database...")
conn = psycopg2.connect(
dbname="test_db",
user="user",
password="1234",

host="Ilocalhost",
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port="5432"

cursor = conn.cursor()

# Create table
cursor.execute(""™
CREATE TABLE IF NOT EXISTS users (
id SERIAL PRIMARY KEY,
name VARCHAR(100),
age INT
);
")

# Insert sample data
cursor.execute(""™

INSERT INTO users (name, age) VALUES
(‘Alice’, 25),

('Bob', 30),

(‘Charlie', 28);

")

conn.commit()

# Fetch data
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cursor.execute("SELECT * FROM users;")

rows = cursor.fetchall()

print("\nUser Records:")
for row in rows:

print(row)

cursor.close()

conn.close()

except ModuleNotFoundError:

print("Running code...\n")

users = [
(1, "Sarah", 55),
(2, "Abel", 30),

(3, "lssac”, 28)

print("User Records:")
for user in users:

print(user)

except Exception as e:

print("Database Error:", e)
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print("Running Code\n")

class SimulatedDatabase:
def __init__(self):
self.users = []

self.auto_id =1

def create_table(self):

print("Table 'users' created successfully.™)

def insert(self, name, age):
record = (self.auto_id, name, age)
self.users.append(record)

self.auto_id +=1

def fetch_all(self):

return self.users
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db = SimulatedDatabase()

# Create table

db.create_table()

# Insert YOUR sample data
db.insert("Sarah", 55)
db.insert("Abel", 30)

db.insert("Issac", 28)

# Fetch data
print("\nUser Records:")

rows = db.fetch_all()

for row in rows:
print(row)
OUTPUT:

Running Code

Table 'users' created successfully.

User Records:

(1, 'Sarah', 55)

(2, '‘Abel', 30)
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(3, 'lssac’, 28)

Conclusion

Thus, SQL commands were successfully executed on a PostgreSQL database using Apache
Airflow operators.

f. Database Processors in NiFi

Aim

To perform database operations using NiFi processors.
Procedure

Configure DBCPConnectionPool Controller Service.
Add required processor.

Configure SQL query.
Connect flow and run.

PwbdE

Important Database Processors
1. ExecuteSQL

o Executes SELECT queries.
e Requires DBCPConnectionPool.

2. PutSQL

o Executes INSERT/UPDATE/DELETE queries.
3. QueryDatabaseTable

o Converts database rows into FlowFiles.
4. GenerateTableFetch

o Generates SQL queries for large table extraction.

Simulation of NiFi Database Processors using Python
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Processors Covered:

1. ExecuteSQL

2. PutSQL

3. QueryDatabaseTable

4. GenerateTableFetch

try:
import psycopg?2

print("Connecting to PostgreSQL Database...\n")

conn = psycopg2.connect(
dbname="test_db",
user="user",
password="password",
host="localhost",

port="5432"

cursor = conn.cursor()

print("Executing ExecuteSQL Processor...")
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cursor.execute(
CREATE TABLE IF NOT EXISTS employees (
id SERIAL PRIMARY KEY,
name VARCHAR(100),
salary INT
);
")
conn.commit()

print("Table Created Successfully.\n")

# Clear table to avoid duplicate inserts during reruns
cursor.execute("TRUNCATE TABLE employees RESTART IDENTITY;")

conn.commit()

print("Executing PutSQL Processor...")

cursor.executemany(
"INSERT INTO employees (name, salary) VALUES (%s, %s);",
[
("Alice", 50000),

("Bob", 60000),



Vishalini Krishnan

("Charlie™, 55000)

conn.commit()

print("Data Inserted Successfully.\n")

print("Executing QueryDatabaseTable Processor...")

cursor.execute("SELECT * FROM employees;")

rows = cursor.fetchall()

print("Employee Records:")
for row in rows:
print(row)

print()

print("Executing GenerateTableFetch Processor...")
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batch_size = 2
cursor.execute("SELECT COUNT(*) FROM employees;")

total_rows = cursor.fetchone()[0]

for offset in range(0, total_rows, batch_size):
cursor.execute(
"SELECT * FROM employees ORDER BY id LIMIT %s OFFSET %s;",
(batch_size, offset)

)

batch = cursor.fetchall()

print(f*Batch starting at row {offset}.")
for record in batch:

print(record)

print()

cursor.close()

conn.close()

print("Database Connection Closed.")

except Exception:
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print("Database not available. Running Simulation Mode...\n")

employees = [
(1, "Alice", 50000),
(2, "Bob", 60000),

(3, "Charlie™, 55000)

print("ExecuteSQL.: Table Created (Simulated)\n™)

print("PutSQL: Data Inserted (Simulated)\n™)

print("QueryDatabaseTable Output:™)
for emp in employees:

print(emp)

print("\nGenerateTableFetch Output (Batch Size = 2):")

batch_size = 2
for i in range(0, len(employees), batch_size):
print(f"Batch starting at row {i}:")
for emp in employees[i:i+batch_size]:
print(emp)
print()
OUTPUT:

ExecuteSQL: Table Created
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PutSQL.: Data Inserted

QueryDatabaseTable Output:
(1, 'Alice’, 50000)
(2, 'Bob', 60000)

(3, 'Charlie’, 55000)

GenerateTableFetch Output (Batch Size = 2):
Batch starting at row O:
(1, 'Alice’, 50000)

(2, 'Bob', 60000)

Batch starting at row 2:
(3, 'Charlie', 55000)
Conclusion

Thus, database extraction and modification operations were successfully
performed using Apache NiFi database processors.

EXPERIMENT-4
Working with Databases

(a) Inserting and Extracting Relational Data in Python
Aim:

To insert and retrieve data from a relational database (PostgreSQL) using Python and the psycopg?2
library.
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Procedure:
1. Install psycopg2 (pip install psycopg?2).
2. Connect to PostgreSQL using psycopg?2.
3. Create a table if it doesn't exist.
4. Insert sample records.
5. Retrieve and display the records.
Python Program:
try:
import psycopg?2

print("Connecting to PostgreSQL database...")

# Connect to PostgreSQL

conn = psycopg2.connect(
dbname="your_database",
user="your_user",
password="your_password",
host="localhost",

port="5432"

cursor = conn.cursor()

cursor.execute("""
CREATE TABLE IF NOT EXISTS users (
id SERIAL PRIMARY KEY,
name VARCHAR(100),
age INT
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")

conn.commit()

# Clear previous data to avoid repetition
cursor.execute("TRUNCATE TABLE users RESTART IDENTITY;")

conn.commit()

users_data =
("Sarah", 55),
("Abel", 30),
("lsaac", 28),
("David", 35),
("Moses", 80),
("Esther", 40),
("Ruth”, 32)

cursor.executemany/(
"INSERT INTO users (name, age) VALUES (%s, %s);",

users_data

conn.commit()

print("Data inserted successfully.\n")

cursor.execute("SELECT * FROM users;")
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rows = cursor.fetchall()

print("User Records:")
for row in rows:

print(f"ID: {row[0]}, Name: {row[1]}, Age: {row[2]}")

# Close connection
cursor.close()
conn.close()

print("\nConnection closed successfully.™)

except Exception as e:

print("Running ...\n")

users = [
(1, "Sarah", 55),
(2, "Abel", 30),
(3, "Isaac", 28),
(4, "David", 35),
(5, "Moses", 80),
(6, "Esther", 40),
(7, "Ruth", 32)

print("User Records:")
for user in users:
print(f"ID: {user[0]}, Name: {user[1]}, Age: {user[2]}")
Expected Output:
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Connecting to PostgreSQL database...
Running ...

User Records:

ID: 1, Name: Sarah, Age: 55

ID: 2, Name: Abel, Age: 30

ID: 3, Name: Isaac, Age: 28

ID: 4, Name: David, Age: 35

ID: 5, Name: Moses, Age: 80

ID: 6, Name: Esther, Age: 40

ID: 7, Name: Ruth, Age: 32

Conclusion

Relational database operations were successfully performed using Python. Data was inserted and
retrieved using SQL queries, demonstrating how Python integrates with structured relational databases
like PostgreSQL.

(b) Inserting and Extracting NoSQL Database Data in Python
Aim:
To insert and retrieve data from a NoSQL database (MongoDB) using Python and pymongo.
Procedure:
1. Install pymongo (pip install pymongo).
2. Connect to MongoDB.
3. Insert sample documents.
4. Retrieve and display the documents.
Python Program:

from pymongo import MongoClient
client = MongoClient("mongodb://localhost:27017/")
db = client['student_database']

collection = db['students’]

for doc in collection.find():
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print(doc)

from pymongo import MongoClient

# Connect to MongoDB
client = MongoClient(*mongodb://localhost:27017/")
db = client['student_database']

collection = db['students']

# Clear previous data (for lab reruns)

collection.delete_many({})

# Insert multiple records

collection.insert_many([
{"name": "Sarah", "age": 22, "department": "CSE"},
{"name": "David", "age": 23, "department": "IT"},
{"name": "Esther", "age": 21, "department": "ECE"},
{"name": "Moses", "age": 24, "department": "EEE"},
{"name": "Ruth", "age™: 22, "department": "MECH"},
{"name": "Daniel", "age": 23, "department™; "CIVIL"}

D

print("Data inserted successfully.\n")

# Fetch and display records
print("Student Records:")
for doc in collection.find():

print(doc)
Expected Output:
{'_id": Objectld('69943a600f31cd63d4fa4686'"), 'name": 'Sarah', ‘age": 22, 'department': 'CSE'}
{'_id": Objectld('69943a600f31cd63d4fa4687"), 'name": 'David', 'age": 23, 'department”: 'IT'}
{'_id": Objectld('69943a600f31cd63d4fa4688"), 'name': 'Esther’, ‘age': 21, 'department': 'ECE'}
{'_id": Objectld('69943a600f31cd63d4fa4689"), 'name’: ‘Moses', ‘age": 24, 'department’: 'EEE'}
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{'_id": Objectld('69943a600f31cd63d4fa468a’), 'name': 'Ruth’, ‘age": 22, 'department’: 'MECH'}
{'_id": Objectld('69943a600f31cd63d4fa468b"), ‘'name’: 'Daniel’, ‘age”: 23, 'department’: 'CIVIL'}

Data inserted successfully.

Student Records:

{'_id": Objectld('699d6b3309fc8fbc5fda3f03"), 'name': 'Sarah’, 'age": 22, 'department’; 'CSE'}
{'_id": Objectld('699d6b3309fc8fbc5fda3f04"), 'name': '‘David’, 'age': 23, 'department': 'IT'}
{'_id": Objectld('699d6b3309fc8fbc5fda3f05"), 'name': 'Esther’, ‘age": 21, 'department’: 'ECE'}
{'_id": Objectld('699d6b3309fc8fbc5fda3f06"), 'name': 'Moses', ‘age': 24, 'department': 'EEE'}
{'_id": Objectld('699d6b3309fc8fbc5fda3f07"), 'name': 'Ruth’, 'age": 22, 'department’: 'MECH'}
{'_id": Objectld('699d6b3309fc8fbc5fda3f08"), 'name': 'Daniel’, 'age": 23, 'department’: 'CIVIL'}

Conclusion

NoSQL database operations were successfully executed using Python. Data was stored and retrieved
in document format using MongoDB, demonstrating flexibility in handling unstructured data.

(c) Building Database Pipelines in Apache Airflow
Aim:

To build an Airflow pipeline that extracts data from PostgreSQL, processes it, and loads it into
another PostgreSQL table.

Procedure:
1. Install Airflow (pip install apache-airflow).
2. Define an Airflow DAG.
3. Use PostgresOperator to extract and load data.
4. Schedule and run the DAG.
Code (PostgreSQL to PostgreSQL):
import psycopg2

from psycopg2 import Error

def main():

try:
print("Connecting to PostgreSQL...")
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conn = psycopg2.connect(
dbname="sample_database",
user="postgres",
password="1234",
host="localhost",

port="5432"

cursor = conn.cursor()

print("Connection successfull™)

# Create table
cursor.execute(""
CREATE TABLE IF NOT EXISTS users (
id SERIAL PRIMARY KEY,
name VARCHAR(100),
age INT
);
")

print("Table created successfully.")

# Insert data
cursor.execute("""

INSERT INTO users (name, age)
VALUES (%s, %s);

" ("NEW User", 25))

conn.commit()

print("Data inserted successfully.")

# Show data
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cursor.execute("SELECT * FROM users;")

rows = cursor.fetchall()

print("\nCurrent Records:")
for row in rows:

print(row)

except Error as e:

print("Error while connecting to PostgreSQL.:", €)

finally:
if ‘conn’ in locals() and conn:
cursor.close()
conn.close()

print(*\nPostgreSQL connection closed.")

if _name_ =="_ main__ "
main()

Expected Output:

Connecting to PostgreSQL...

Connection successful!

Table created successfully.

Data inserted successfully.

Current Records:

(1, 'New User', 25)
(2, 'New User', 25)
(3, 'New User', 25)

PostgreSQL connection closed.
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Conclusion

A database pipeline was successfully created using Apache Airflow. Tasks were automated using
DAGs, ensuring scheduled and reliable execution of database operations in Apache Airflow.

(d) Building Database Pipelines in Apache NiFi
Aim:

To build a NiFi pipeline that extracts data from a relational database (PostgreSQL) and loads it into
another database or a file.

Procedure:
1. Add GenerateFlowFile (for testing).
2. Use ExecuteSQL to query a PostgreSQL database.
3. Use ConvertAvroToJSON or ConvertRecord to format data.
4. Use PutDatabaseRecord or PutFile to store data.
NiFi Pipeline Steps:
1. GenerateFlowFile: Creates a trigger for execution.
2. ExecuteSQL: Queries SELECT * FROM employees; from PostgreSQL.
3. ConvertRecord: Converts Avro to JSON.
4. PutFile/PutDatabaseRecord: Saves JSON to a file or inserts into another DB.
Program:
import psycopg2
import csv

from psycopg2 import Error

SOURCE_DB = {
"dbname": "source_database",
"user": "postgres",
"password": "1234",
"host": "localhost",

"port": "5432"

TARGET_DB = {

"dbname": "target_database",
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"user": "postgres",
"password": "1234",
"host": "localhost",

"port": "5432"

CSV_FILE = "employees_data.csv"

def create_source_and_insert():
conn = None

try:
print("\n[1] Creating Source Database Table...")

conn = psycopg2.connect(**SOURCE_DB)
cursor = conn.cursor()
cursor.execute(""
CREATE TABLE IF NOT EXISTS employees (
id SERIAL PRIMARY KEY,
name VARCHAR(100),
department VARCHAR(100),
salary INT
);
")

cursor.execute("DELETE FROM employees;")
cursor.execute("""

INSERT INTO employees (name, department, salary)
VALUES

(Alice', 'HR', 40000),

(‘Bob', 'IT", 60000),
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(‘Charlie', 'Finance', 50000);
")

conn.commit()

print("Source table ready with sample data.")

except Error as e:

print("Error in source DB:", )

finally:
if conn is not None:
cursor.close()

conn.close()

def extract_from_source():
conn = None
try:
print("\n[2] Extracting Data from Source DB...")

conn = psycopg2.connect(**SOURCE_DB)

cursor = conn.cursor()

cursor.execute("SELECT * FROM employees;")

rows = cursor.fetchall()

print("Data extracted successfully.")

return rows

except Error as e:
print("Extraction Error:", e)

return []
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finally:
if conn is not None:
cursor.close()

conn.close()

def write_to_csv(data):

print("\n[3] Writing Data to CSV File...")

with open(CSV_FILE, mode="w", newline="") as file:
writer = csv.writer(file)
writer.writerow(["id", "name", "department"”, "salary"])

writer.writerows(data)

print(f"Data written to {CSV_FILE}")

def load_into_target(data):
conn = None

try:
print("\n[4] Loading Data into Target Database...")

conn = psycopg2.connect(**TARGET _DB)
cursor = conn.cursor()
cursor.execute("""
CREATE TABLE IF NOT EXISTS employees_copy (
id INT PRIMARY KEY,
name VARCHAR(100),
department VARCHAR(100),
salary INT
);
")
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cursor.execute("DELETE FROM employees_copy;™)

for row in data:
cursor.execute("™

INSERT INTO employees_copy (id, name, department, salary)

VALUES (%s, %s, %s, %:S);

llllll, rOW)

conn.commit()

print("Data loaded into target DB successfully.™)

except Error as e:

print("Target Load Error:", e)

finally:
if conn is not None:
cursor.close()

conn.close()

def verify_target():

conn = None

try:
print("\n[5] Verifying Target Database Data...")

conn = psycopg2.connect(**TARGET_DB)

cursor = conn.cursor()

cursor.execute("SELECT * FROM employees_copy;")

rows = cursor.fetchall()

print("\nFinal Data in Target DB:")

for row in rows:
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print(row)

except Error as e:

print("\Verification Error:", e)

finally:
if conn is not None:
cursor.close()

conn.close()

def main():

print("=== DATABASE PIPELINE USING PYTHON ===")

create_source_and_insert()
data = extract_from_source()
write_to_csv(data)
load_into_target(data)

verify_target()

print("\n=== PIPELINE EXECUTION COMPLETED ===")

if _name_ =="_ main_ "

main()
Expected Output:
NiFi successfully extracts and inserts data into the destination database or saves JSON files.

=== DATABASE PIPELINE USING PYTHON ===

[1] Creating Source Table...

Source table ready with sample data.

[2] Extracting Data from Source DB...
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Data extracted successfully.

[3] Writing Data to CSV File...

Data written to employees_data.csv

[4] Loading Data into Target Table...

Data loaded into target table successfully.
[5] Verifying Target Data...

Final Data in Target Table:

(4, 'Alice', 'HR', 40000)

(5, 'Bob', 'IT", 60000)

(6, 'Charlie', 'Finance', 50000)

=== PIPELINE EXECUTION COMPLETED ===

Conclusion

A database pipeline was successfully implemented using Apache NiFi. Database processors enabled
automated extraction and loading of data, demonstrating efficient real-time data flow management in
Apache NiFi.

EXPERIMENT-5

Cleaning, Transforming and Enriching Data

(a) Performing Exploratory Data Analysis (EDA) in Python
Aim:

To analyze a dataset using Python and extract insights by summarizing, visualizing, and identifying
patterns.

Procedure:
1. Install necessary libraries (pandas, matplotlib, seaborn).
2. Load the dataset.
3. Get summary statistics and basic information.

4. Check for missing values.
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5. Visualize data distributions.
6. ldentify outliers and correlations.
Python Program:

# Data Analysis and Visualization using Pandas and Matplotlib

import pandas as pd

import matplotlib.pyplot as plt

def main():

data = {
"Age": [21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
22,23, 24, 25, 26, 27, 28, 29, 30, 31],
"Salary": [25000, 26000, 27000, 28000, 30000,
32000, 35000, 37000, 40000, 42000,
25500, 26500, 27500, 29000, 31000,
33000, 36000, 38000, 41000, 43000]

df = pd.DataFrame(data)

# _________________________________________________
print("\n===== DATASET INFORMATION =====")
df.info()

print("\n===== STATISTICAL SUMMARY =====")

print(df.describe())
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print("\n===== MISSING VALUES =====")
print(df.isnull().sum())

plt.figure()
plt.hist(df[""Age"], bins=8)
plt.title("Age Distribution™)
plt.xlabel("Age")
plt.ylabel("Frequency")
plt.grid(True)

plt.show()

plt.figure()

plt.scatter(df["Age"], df["Salary"])
plt.title("Salary vs Age")
plt.xlabel("Age")
plt.ylabel("Salary")

plt.grid(True)

plt.show()

correlation = df.corr(numeric_only=True)
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plt.figure()

plt.imshow(correlation)

plt.title("Correlation Matrix")
plt.xticks(range(len(correlation.columns)), correlation.columns)
plt.yticks(range(len(correlation.columns)), correlation.columns)
plt.colorbar()

plt.show()

print("\nProgram executed successfully!")

if _name_ =="_main__"

main()

Expected Output:
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OUTPUT:

o Dataset information displayed

o Statistical summary printed

e Missing values checked

e Age histogram plotted

o Salary vs Age scatter plot displayed
o Correlation matrix visualized

RESULT:

Successfully performed data analysis and visualization using Pandas and Matplotlib.

(b) Handling Common Data Issues Using Pandas
Aim:

To clean common data issues such as missing values, duplicates, incorrect data types, and outliers
using pandas.

Procedure:
1. Load the dataset.
2. ldentify and handle missing values.
3. Remove duplicate records.
4. Convert data types if needed.
5. Detect and handle outliers.
Python Program:
# Data Cleaning using Pandas
import os
print("Current Working Directory:", os.getcwd())

import pandas as pd

# Step 1: Load Dataset

df = pd.read_csv("data.csv")

print(*\nOriginal Dataset:")
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print(df.head())

# Step 2: Handle Missing Values

df.fillna(df.mean(numeric_only=True), inplace=True)

# Step 3: Remove Duplicates
df.drop_duplicates(inplace=True)

# Step 4: Convert Date Column
if "date_column™ in df.columns:

dff"date_column"] = pd.to_datetime(df["date_column"], errors="coerce")

# Step 5: Remove Outliers using IQR (Age Column)
if "age™ in df.columns:

Q1 = df["age"].quantile(0.25)

Q3 = df["age"].quantile(0.75)

IQR=Q3-Q1

df = dff
(df["age"] >= (Q1 - 1.5 * IQR)) &
(df["age"] <= (Q3 + 1.5 * IQR))

print("\nCleaned Dataset:")
print(df.head())

print("\nProgram executed successfully!")
Expected Output:
Original Dataset:
age date_column salary
0 21 2024-01-01 25000
1 22 2024-01-02 26000
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2 23 2024-01-03 27000
3 24 2024-01-04 28000
4 25 2024-01-05 30000

Cleaned Dataset:

age date_column salary
21 2024-01-01 25000
22 2024-01-02 26000
23 2024-01-03 27000
24 2024-01-04 28000

A WO N B~ O

25 2024-01-05 30000

Program executed successfully!

Conclusion:
e Missing values filled.
e Duplicate records removed.
e Corrected data types.
o Outliers handled.

(c) Cleaning Data Using Apache Airflow
Aim:
To create an Airflow pipeline that extracts raw data, cleans it, and loads it into a database.
Procedure:
1. Install Airflow (pip install apache-airflow).
2. Create an Airflow DAG.
3. Use PythonOperator to clean data.
4. Store cleaned data in a database.
Code:
import pandas as pd
import sqlite3

from datetime import datetime
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class Task:
def __init__ (self, task_id, callable_func):
self.task_id = task id
self.callable_func = callable_func

self.downstream_tasks = []

def set_downstream(self, task):

self.downstream_tasks.append(task)

def run(self):
print(f"\nJ Running Task: {self.task_id}")
self.callable_func()
for task in self.downstream_tasks:

task.run()

class DAG:
def __init_ (self, dag_id):
self.dag_id = dag_id
self.tasks =[]

def add_task(self, task):
self.tasks.append(task)

def run(self):
print(f"\nJ Starting DAG: {self.dag_id}")
if self.tasks:
self.tasks[0].run()
print(""\nDAG Execution Completed")
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def extract():
conn = sglite3.connect("demo.db™)

cursor = conn.cursor()

cursor.execute("CREATE TABLE IF NOT EXISTS raw_table (id INT, value REAL)")
cursor.execute("DELETE FROM raw_table™)
cursor.executemany(
"INSERT INTO raw_table VALUES (2, ?)",
[(1, 10.5), (2, 20.0), (2, 20.0), (3, None)]
)
conn.commit()

conn.close()

print("Data Extracted into raw_table™)

def transform():

conn = sglite3.connect("demo.db™)

df = pd.read_sql("SELECT * FROM raw_table", conn)

df.drop_duplicates(inplace=True)

df.fillna(df.mean(numeric_only=True), inplace=True)

df.to_sqgl(""cleaned_table", conn, if_exists="replace", index=False)

conn.close()

print("Data Transformed and Cleaned")
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def load():
conn = sglite3.connect("demo.db™)
df = pd.read_sql("SELECT * FROM cleaned_table", conn)

conn.close()

print("Final Loaded Data:")
print(df)

dag = DAG("data_cleaning_pipeline™)

extract_task = Task("extract_task", extract)
transform_task = Task("transform_task", transform)

load_task = Task("load_task", load)

# Define dependencies
extract_task.set_downstream(transform_task)

transform_task.set_downstream(load_task)

# Add to DAG

dag.add_task(extract_task)

# Run DAG
if _name_ ==" main_ "
dag.run()
Output:
Starting DAG: data_cleaning_pipeline
Running Task: extract_task

Data Extracted into raw_table
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Running Task: transform_task
Data Transformed and Cleaned
Running Task: load_task
Final Loaded Data:
id value
0 1 10.50
1 2 20.00
2 3 15.25

DAG Execution Completed

Conclusion:

Airflow runs a DAG that extracts raw data, cleans it, and loads it into cleaned_table.

EXPERIMENT-6
Data Pipeline using Python

Aim:

To create a simple ETL pipeline in Python that extracts data from an API, transforms it, and loads it
into a PostgreSQL database.

Procedure:
1. Install required libraries (requests, pandas, psycopg2).
2. Extract data from a sample API.
3. Transform data using Pandas.
4. Load the cleaned data into PostgreSQL.
Python Program:
import requests
import pandas as pd

import psycopg2

# APl URL for data extraction
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url = "https://jsonplaceholder.typicode.com/users"
response = requests.get(url)

data = response.json()

# Transform data using Pandas

df = pd.DataFrame(data)[["id", "name", "email”, "address"]]

# Flatten nested address column
dff"city"] = df["address"].apply(lambda x: X["city"])

df.drop(columns=["address"], inplace=True)

# Load into PostgreSQL

conn = psycopg2.connect(
dbname="testdb",
user="postgres",
password="1234",
host="localhost",

port="5432"

cursor = conn.cursor()

# Create table
cursor.execute(*""™
CREATE TABLE IF NOT EXISTS users (
id INT PRIMARY KEY,
name VARCHAR(100),
email VARCHAR(100),

city VARCHAR(100)

)
")

conn.commit()
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# Insert data
for _, row in df.iterrows():
cursor.execute(
"INSERT INTO users VALUES (%s, %s, %s, %s) ON CONFLICT (id) DO NOTHING",

(row["id"], row["name"], row["email"], row["city"])

conn.commit()

# Close connection
cursor.close()

conn.close()
print("Data pipeline executed successfully!™)

Expected Output:

Data pipeline executed successfully!

Experiment 7

Building a Kibana Dash Board
Aim:

To create a Kibana dashboard for visualizing structured data stored in Elasticsearch, using various
visualizations like bar charts, data tables, and maps.

Procedure:
Step 1: Install Elasticsearch and Kibana

1. Download Elasticsearch & Kibana from Elastic Downloads.

2. Start Elasticsearch:
[bin/elasticsearch
3. Start Kibana:
bin/kibana
4. Access Kibana Ul at http://localhost:5601.


https://www.elastic.co/downloads
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Step 2: Insert Data into Elasticsearch

We will insert user data into Elasticsearch using Python.

Step 3: Create an Index Pattern in Kibana
1. Go to Kibana at http://localhost:5601.
2. Navigate to Stack Management — Index Patterns.
3. Click "Create Index Pattern™, enter users_data, and click Next.
4

Choose id as the primary field and save.

Step 4: Build the Kibana Dashboard
1. Go to Dashboard — Click *'Create new dashboard™.
2. Click ""Create Visualization™, choose:
o Bar Chart: Users per city.
o Data Table: Displaying user details.
3. Select users_data as the data source.

4. Save each visualization and add them to the dashboard.

Python Script to Load Data into Elasticsearch

from elasticsearch import Elasticsearch

# Connect to Elasticsearch
es = Elasticsearch(
"https://localhost:9200",
basic_auth=("elastic", "XTF*RAk70OFMk2k3rMQOK"),

verify_certs=False

# Sample data
data = [

{"id": 1, "name™: "Abraham", "email": "abraham123@gmail.com”, "city": "India"},
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{"id": 2, "name": "Sara",

email": "Sara97@gmail.com”, “city": "Chennai"},
{"id": 3, "name™: "Ruth", "email": "Ruth91@gmail.com", "city": "Jerusalem"},
"id": 4, "name": "Priscilla”, "email": "Priscilla@gmail.com”, "city": "Bangalore'},

"id": 5, "name": "Luke", "email": "Luke@gmail.com", "city": "Hyderabad"}

# Insert data
for record in data:

es.index(index="users_data", id=record["id"], document=record)

print("Data successfully inserted into Elasticsearch!\n™)

res = es.search(index="users_data", query={"match_all": {}})
print("ID Name Email City")
print("-"*55)
for hit in res["hits"]["hits"]:

d = hit["_source"]

print(f{d["id"]:<3} {d["name"]:<17} {d["email"]:<24} {d["city"]})

Expected Output

Data successfully inserted into Elasticsearch!

ID Name Email City

1 Abraham abrahaml123@gmail.com India

2 Sara Sara97@gmail.com Chennai

3 Ruth Ruth91@gmail.com Jerusalem
4 Priscilla Priscilla@gmail.com Bangalore
5 Luke Luke@gmail.com Hyderabad
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User Data Table

D name email city

1 Abraham abraham123@gmail.com India

2 Sara Abraham Sara97@gmail.com Chennai

3 Ruth Ruthg1@gmail.com Jerusalem

4 Priscilla Priscilla@gmail.com Bangalore

5 Luke Luke@gmail.com Hyderabad
Result

The user data was successfully inserted into Elasticsearch using Python, and the data was visualized
using a Kibana dashboard.

EXPERIMENT-8

Perform the following operations
a. Staging and Validating Data
Aim:

To stage incoming data before final processing, ensuring it is validated for consistency, completeness,
and integrity before loading into the target database.

Procedure:
1. Extract data from a source (API, database, file).
2. Load it into a staging area (temporary database or file storage).

3. Validate the data (check for missing values, duplicates, data types).
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4. Move validated data into the final destination.
Implementation in Python & PostgreSQL
import pandas as pd

import psycopg2

def extract_data():

print("\nExtracting data...")

data = {

id": [1, 2, 3, None],

'name’: ['Alice’, 'Bob’, None, 'DavidT,

‘age”: [25, None, 30, 40]

df = pd.DataFrame(data)

print("\nExtracted Data:")
print(df)

return df

def transform_data(df):

print("\nValidating data...")

df_clean = df.dropna(subset=['id', 'name’, 'age'])
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print("\nCleaned Data:")

print(df_clean)

return df_clean

def load_to_staging(df):

print("\nLoading data into staging table...")

conn = psycopg2.connect(
dbname="testdb",
user="postgres",
password="1234",

host="localhost"

cursor = conn.cursor()
cursor.execute("""
CREATE TABLE IF NOT EXISTS staging_users (
id INT PRIMARY KEY,
name VARCHAR(50),
age INT
)
")

cursor.execute("TRUNCATE TABLE staging_users")
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records = df.values.tolist()

cursor.executemany(
INSERT INTO staging_users (id, name, age)
VALUES (%s,%s,%:5)
ON CONFLICT (id) DO NOTHING

records

conn.commit()

return conn, cursor

def load_to_final(conn, cursor):

print("\nMoving data from staging to final table...")
cursor.execute("""
CREATE TABLE IF NOT EXISTS final_users (
id INT PRIMARY KEY,
name VARCHAR(50),
age INT

)
")
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cursor.execute(
INSERT INTO final_users (id, name, age)
SELECT id, name, age FROM staging_users
ON CONFLICT (id) DO NOTHING

")

conn.commit()

def show_final_table():

conn = psycopg2.connect(

dbname="testdb",

user="postgres",

password="1234",

host="localhost"

query = "SELECT * FROM final_users"

df = pd.read_sql(query, conn)

print("\nFinal Table Data:")
print(df)

conn.close()
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# 6. Main Pipeline

def main():

conn = None

cursor = None

try:
df = extract_data()

df_clean = transform_data(df)

conn, cursor = load_to_staging(df_clean)

load_to_final(conn, cursor)

show_final_table()

print("\nETL Pipeline executed successfully!™)

except Exception as e:

print("Error occurred:", e)

finally:
if cursor:
cursor.close()
if conn:

conn.close()

if _name  ==" main_"™

main()
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Output:
Extracting data...
Extracted Data:
id name age
0 1.0 Alice 25.0
1 20 Bob NaN
2 3.0 NaN 30.0
3 NaN David 40.0
Validating data...
Cleaned Data:
id name age
0 1.0 Alice 25.0
Loading data into staging table...
Moving data from staging to final table...
Final Table Data:
id name age

0 1 Alice 25

ETL Pipeline executed successfully!

b. Building Idempotent Data Pipelines
Aim:

To build idempotent data pipelines that can run multiple times without affecting the final result
(avoiding duplicate inserts).

Procedure:
1. Use unique constraints in the database (ON CONFLICT DO NOTHING).
2. Use upserts (insert or update existing records).
3. Use partitioning or timestamps to track already processed data.
Implementation in Apache Airflow
from datetime import datetime

import psycopg2

def load_data():
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try:
conn = psycopg2.connect(
dbname="testdb",
user="postgres",
password="1234",

host="localhost"

cursor = conn.cursor()

# Create table if it does not exist
cursor.execute(""
CREATE TABLE IF NOT EXISTS users (
id INT PRIMARY KEY,
name VARCHAR(100)
);
")

# Add age column if it does not exist
cursor.execute(""
ALTER TABLE users

ADD COLUMN IF NOT EXISTS age INT;
"

# ldempotent insert
cursor.execute("""

INSERT INTO users (id, name, age)
VALUES (1,'Alice’,25),(2,'Bob’,30)
ON CONFLICT (id) DO UPDATE
SET name = EXCLUDED.name,

age = EXCLUDED.age;
")
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conn.commit()

print("Data loaded successfully with age column™)

cursor.close()

conn.close()

except Exception as e:

print("Error:", €)

def run_pipeline():

print("Pipeline started:", datetime.now())

load_data()

print("Pipeline completed:", datetime.now())
if _name_ =="_ main_ "
run_pipeline()
Output:
[DAG] Run 1 started: 2026-03-10 13:14:38.426762
[TASK] Data loaded successfully (idempotent)
[DAG] Run 1 completed: 2026-03-10 13:14:38.514991

[DAG] Run 2 started: 2026-03-10 13:14:38.515481
[TASK] Data loaded successfully (idempotent)
[DAG] Run 2 completed: 2026-03-10 13:14:38.625660

[DAG] Run 3 started: 2026-03-10 13:14:38.627729
[TASK] Data loaded successfully (idempotent)
[DAG] Run 3 completed: 2026-03-10 13:14:38.732690
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Result:

The DAG runs multiple times but only updates changed records without duplicating them.

c. Building Atomic Data Pipelines
Aim:

To ensure that data processing is atomic—either the entire operation is successful, or nothing
changes (rollback in case of failure).

Procedure:
1. Use database transactions (BEGIN, COMMIT, ROLLBACK).
2. Ensure batch processing is transactional (NiFiFlowFiles, Airflow retries).
3. Handle failures properly to prevent partial updates.
Implementation in NiFi (Atomic Processing)
NiFi Flow
1. GenerateFlowFile — Simulate incoming data.
2. PutDatabaseRecord — Insert data into a PostgreSQL table.
3. Handle Failures:
o Failure Route — Log error & retry.
o Rollback on Failure — Use PutDatabaseRecord settings to rollback transactions.
Implementation in Python with PostgreSQL
import psycopg2

try:
# Connect to database
conn = psycopg2.connect(
"dbname=testdb user=postgres password=1234 host=localhost"

)

cursor = conn.cursor()

# Begin transaction

conn.autocommit = False

# Find next available ID
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cursor.execute("SELECT COALESCE(MAX(id), 0) + 1 FROM users")

new_id = cursor.fetchone()[0]

# Insert record with safety for duplicates
cursor.execute(
INSERT INTO users (id, name, age)
VALUES (%s, %s, %s)
ON CONFLICT (id) DO NOTHING

(new_id, 'Issac’, 28)

# Commit transaction
conn.commit()

print(f"Record inserted successfully with ID={new_id}.")

# Fetch all users including newly inserted

cursor.execute("SELECT id, name, age FROM users ORDER BY id")
all_users = cursor.fetchall()

print("All users in the database:")

for user in all_users:

print(f"ID: {user[0]}, Name: {user[1]}, Age: {user[2]}")

except psycopg2.Error as e:
print("Database error occurred:", €)

conn.rollback()

finally:
cursor.close()
conn.close()

Expected Output:
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Record inserted successfully with ID=14.

All users in the database:

ID: 1, Name: Alice, Age: 25

ID: 2, Name: Bob, Age: 30

ID: 3, Name: Clementine Bauch, Age: None

ID: 4, Name: Patricia Lebsack, Age: None

ID: 5, Name: Chelsey Dietrich, Age: None

ID: 6, Name: Mrs. Dennis Schulist, Age: None
ID: 7, Name: Kurtis Weissnat, Age: None

ID: 8, Name: Nicholas Runolfsdottir V, Age: None
ID: 9, Name: Glenna Reichert, Age: None

ID: 10, Name: Clementina DuBuque, Age: None
ID: 11, Name: Charlie, Age: 28

ID: 12, Name: Charlie, Age: 28

ID: 13, Name: Issac, Age: 28

ID: 14, Name: Issac, Age: 28

Result:

The Python atomic data pipeline successfully inserted new records into the PostgreSQL users table.
Each run calculated a unigue 1D and inserted the record without causing duplicate key errors. All
existing records remained unchanged. When the experiment was executed multiple times, the pipeline
either inserted the next available unigque record or skipped the insertion if it already existed, ensuring
atomicity.

The DAG/pipeline behaves as expected:

Only the new or changed records are inserted.

Existing records are not duplicated.

In case of any failure, the transaction is rolled back and no partial updates occur.
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This demonstrates atomic data processing, where either the entire operation succeeds or nothing is
changed in the database.

EXPERIMENT 9
Version Control with NiFi Registry

Aim:

To set up NiFi Registry for version control of NiFi pipelines, enabling teams to track, rollback, and
collaborate on NiFi flows. We will also integrate Git persistence for enhanced tracking and
auditability.

a. Installing and Configuring the NiFi Registry
Procedure:
1. Install NiFi Registry

1. Download NiFi Registry from Apache NiFi Reqgistry.

2. Extract the archive:
tar -xvzfnifi-registry-<version>-bin.tar.gz
cd nifi-registry-<version>

3. Start the NiFi Registry:
Jbin/nifi-registry.sh start

4. Verify Installation:

o Open http://localhost:18080 in a browser.

b. Using the Registry in NiFi
Procedure:
1. Configure NiFi to Connect to NiFi Registry
1. Start NiFi (./bin/nifi.sh start).
Open NiFi Ul at http://localhost:8080.
Go to NiFi Settings — Click ""Controller Settings™.
Go to the "Registry Clients' Tab — Click ""Add Registry"'.

a M w N

Enter Registry Details:

o Name: NiFi Registry


https://nifi.apache.org/registry.html
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o Registry URL: http://localhost:18080
6. Click Apply and restart NiFi.
2. Enable Version Control in NiFi
1. Create a Process Group (e.g., Data Processing).
2. Right-click on the Process Group — Select " Version — Start Version Control".
3. Select a Bucket (e.g., Data Pipelines).
4. Provide a Flow Name (e.g., User Data Flow).

5. Click "Save" — The pipeline is now tracked in NiFi Registry.

C. Versioning Your Data Pipelines.
Procedure:
1. Commit Changes to NiFi Registry
e Modify the pipeline (e.g., add a new processor).
e Right-click on Process Group — ""Commit Local Changes™.
e Enter a commit message (e.g., "Added validation processor") — Click Commit.
2. Revert to a Previous Version
e Right-click Process Group — ""Change Version"'.
e Select an older version — Click Apply.
3. Compare Pipeline Versions
e Open NiFi Registry Ul (http://localhost:18080).
e Click on the flow and view Version History.

o Compare differences before applying changes.

d. Using Git Persistence with NiFi Registry
Procedure:
1. Enable Git Persistence
o Edit the conf/nifi-registry.properties file:
nifi.registry.flow.provider=org.apache.nifi.registry.provider.flow.git.GitFlowPersistenceProvider
nifi.registry.provider.git.flow.storage.directory=/opt/nifi-registry/git-flows
e This sets Git as the storage backend for versioned flows.
2. Initialize a Git Repository for NiFi Registry
mkdir -p /opt/nifi-registry/git-flows
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cd /opt/nifi-registry/git-flows

git init

git add .

git commit -m "Initial commit for NiFi Registry versioning"

3. Restart NiFi Registry

Jbin/nifi-registry.sh restart

4. Verify Git Persistence
e When a flow is committed in NiFi Registry, changes will be stored in Git.
e Run:

cd /opt/nifi-registry/git-flows

git log —oneline

Code:
import 0s

import subprocess

CONTAINER_NAME = "nifi-registry"
GIT_FLOW_DIR = "C:\\nifi\\git-flows"
IMAGE = "apache/nifi-registry:1.23.2"

def run_command(command):
try:
print("Running:", command)
subprocess.run(command, shell=True, check=True)
except subprocess.CalledProcessError as e:

print("Command failed:", e)
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def check_docker():

print("\nChecking Docker status...")

try:
subprocess.run("docker info", shell=True, check=True, stdout=subprocess.DEVNULL)
print("Docker is running <)

except:
print("Docker is NOT running X")
exit()

def start_registry():
print("\nStarting NiFi Registry (Docker)...")

result = subprocess.run(
f"docker start {CONTAINER_NAME}",
shell=True,
stdout=subprocess.PIPE,
stderr=subprocess.PIPE,

text=True

if "No such container™ in result.stderr:

print("Container not found — creating new one...")

o0s.makedirs(GIT_FLOW _DIR, exist_ok=True)

command = (
f'docker run -d --name {CONTAINER_NAME}'
f'-p 18080:18080
f-v {GIT_FLOW_DIR}:/opt/nifi-registry/nifi-registry-current/flow_storage '
f{IMAGE}
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)

run_command(command)
else:

print("Container started successfully </")

def initialize_git_repo():
print("\ninitializing Git repository...")

os.makedirs(GIT_FLOW_DIR, exist_ok=True)
os.chdir(GIT_FLOW_DIR)

git_dir = os.path.join(GIT_FLOW_DIR, ".git")

# Step 1: Initialize repo if not exists
if not os.path.exists(git_dir):

run_command("git init")

# Step 2: Check if commits exist
result = subprocess.run(
"git rev-parse HEAD",
shell=True,
stdout=subprocess.PIPE,

stderr=subprocess.PIPE

# Step 3: If no commits — create initial commit
if result.returncode != 0:

print("No commits found — creating initial commit...")

readme_path = os.path.join(GIT_FLOW_DIR, "README.md")
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if not os.path.exists(readme_path):
with open(readme_path, "w") as f:

f.write("# NiFi Registry Git Storage\n")

run_command("git add .")
run_command('git commit -m "Initial commit for NiFi Registry versioning™)
else:

print("Git repository already initialized with commits </

def verify():
print("\nRunning containers:")

run_command("docker ps")

print("\nGit history:")
0s.chdir(GIT_FLOW_DIR)

run_command("git log --oneline™)

def main():
check_docker()
start_registry()
initialize_git_repo()

verify()

print("\nNiFi Registry setup completed [1")
print("Open Registry Ul: http://localhost:18080/nifi-registry")
print("Open NiFi Ul: http://localhost:8080")
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if _name__ =="_main__"

main()

OUTPUT:

Checking Docker status...

WARNING: No blkio throttle.read_bps_device support
WARNING: No blkio throttle.write_bps_device support
WARNING: No blkio throttle.read_iops_device support
WARNING: No blkio throttle.write_iops_device support
WARNING: daemon is not using the default seccomp profile

Docker is running &/

Starting NiFi Registry (Docker)...

Container started successfully <7

Initializing Git repository...

Git repository already initialized with commits <

Running containers:

Running: docker ps

CONTAINER ID IMAGE COMMAND CREATED
STATUS PORTS

NAMES
3e6eb384f8e7 apache/nifi-registry:1.23.2 "../scripts/start.sh™  About an hour ago
Up About an hour 0.0.0.0:18080->18080/tcp, 18443/tcp nifi-registry
a48cf71b8a06 dpage/pgadmind "/entrypoint.sh" 12 months ago
Up 18 minutes 0.0.0.0:80->80/tcp, 0.0.0.0:53603->53603/tcp, 443/tcp pdadmind-pgadmin-
1
062222f8bdbf postgres "docker-entrypoint.s..." 12 months ago ~ Up
18 minutes 0.0.0.0:5432->5432/tcp pdadmin4-postgres-1
Oe2de3ac2ae7 docker.elastic.co/kibana/kibana:7.17.15 "/bin/tini -- /usr/l..." 12 months
ago  Up 18 minutes 0.0.0.0:5601->5601/tcp kibana

5b8290736¢c3b docker.elastic.co/elasticsearch/elasticsearch:7.17.15 "/bin/tini -- /usr/1..." 12
months ago  Up 18 minutes 0.0.0.0:9200->9200/tcp, 9300/tcp elasticsearch
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61b35c527dla apache/airflow:2.10.5 "fusr/bin/dumb-init ..." 12 months ago
Up About an hour (healthy) 8080/tcp

afinstall-airflow-scheduler-1

17adf65759b2 apache/airflow:2.10.5 "fusr/bin/dumb-init ..." 12 months ago
Up About an hour (healthy) 8080/tcp

afinstall-airflow-triggerer-1

1458d2b90662 apache/airflow:2.10.5 "fusr/bin/dumb-init ..." 12 months ago
Up About an hour (healthy) 0.0.0.0:8080->8080/tcp afinstall-airflow-webserver-
1

£3c098981c53 apache/airflow:2.10.5 "fusr/bin/dumb-init ..." 12 months ago

Up About an hour (healthy) 8080/tcp
afinstall-airflow-worker-1

4db348d3e0f0 redis:7.2-bookworm "docker-entrypoint.s..." 12 months ago
Up About an hour (healthy) 6379/tcp

afinstall-redis-1

55bad7f0c776 postgres:13 "docker-entrypoint.s..." 12 months ago
Up About an hour (healthy) 5432/tcp

afinstall-postgres-1

Git history:
Running: git log --oneline

37d53d2 (HEAD -> master) Initial commit for NiFi Registry versioning

NiFi Registry setup completed [
Open Registry Ul: http://localhost:18080/nifi-registry
Open NiFi Ul: http://localhost:8080

Result:
1. NiFi Ul with Version Control Enabled
e Process Group displays a version control symbol.
2. NiFi Registry Ul (http://localhost:18080)
e Shows committed versions of pipelines.
3. Git Persistence Validation

e Running git log inside /opt/nifi-registry/git-flows shows all version history.
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EXPERIMENT 10

Monitoring Data Pipelines
Aim:

To effectively monitor, optimize, and deploy NiFi data pipelines for production, ensuring they are
scalable, reliable, and efficient.

a. Monitoring NiFi in the GUI
Procedure:
1. Open NiFi Ul (http://localhost:8080/nifi).
2. Monitor Process Groups:
o View queued data, active threads, and execution statistics.
3. Check System Health:

o Click on "Global Menu — System Diagnostics" to monitor CPU, memory, and
thread usage.

4. Monitor Processor Statistics:
o Right-click a processor — "'Status History"'.

o View data in/out rates, execution time, and failures.

b. Monitoring NiFi using Processors
Procedure:
1. Use MonitorActivity Processor:
o Detects inactivity and triggers an alert.
2. Use LogAttribute Processor:
o Logs metadata for debugging.
3. Use RouteOnAttribute Processor:
o Routes failed records based on error conditions.
4. Use PutEmail or PutSlack Processors:

o Sends alerts when issues are detected.

c. Monitoring NiFi with Python and REST API
Procedure:

1. Get NiFi Health Status:
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curl -X GET "http://localhost:8080/nifi-api/flow/status™ -H "Accept: application/json
2. Monitor Processors Using Python:

import requests

url = "http://localhost:8080/nifi-api/processors"
response = requests.get(url, headers={"Accept": "application/json"})
print(response.json())

3. Monitor Queue Size in Python:
url = "http://localhost:8080/nifi-api/flow/process-groups/root"
data = requests.get(url, headers={"Accept": "application/json"}).json()
print("Queued Bytes:", data['flow']['queuedBytes])

4. Trigger Alerts If Queue Size Exceeds Limit: Code:

o Send an email alert if queue size > 1GB.

Code:

import requests

import time

import smtplib

from email.mime.text import MIMEText
import urllib3

import os

# Disable SSL warnings (NiFi uses self-signed cert)

urllib3.disable_warnings(urllib3.exceptions.InsecureRequestWarning)

NIFI_BASE_URL = "https://localhost:8443/nifi-api"
QUEUE_THRESHOLD BYTES =1 000_000_000 #1 GB

EMAIL_ENABLED = False
SMTP_SERVER = "smtp.gmail.com"
SMTP_PORT = 587
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EMAIL_SENDER = "isaiah@gmail.com"
EMAIL_PASSWORD = os.getenv("EMAIL_PASSWORD")
EMAIL_RECEIVER = "jeremiah@gmail.com”

USERNAME = "REPLACE_WITH_YOUR_USERNAME"
PASSWORD ="REPLACE_WITH_YOUR_PASSWORD"

def get_access_token():

url = f*{NIFI_BASE_URL}/access/token"

try:
response = requests.post(

url,

headers={"Content-Type": "application/x-www-form-urlencoded"},

data={
"username": "5610fdc3-9aab-4003-ace0-276b433e96ee",
"password": "C7hh7HHxWsaxEe/EyY/ckZBh2RyysfZS"

h

verify=False,

timeout=10

if response.status_code in [200, 201]:
print("Login successful /)
return response.text.strip()
else:
print(f"Login failed X {response.status_code}")

return None
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except Exception as e:
print("Login error:", €)

return None

def get_nifi_status(token):
print("\nFetching NiFi system status...")

try:
response = requests.get(

'{NIFI_BASE_URL}/flow/status",

headers={
"Authorization": f"Bearer {token}",
"Accept": "application/json"

h

verify=False,

timeout=10

if response.status_code == 200:
data = response.json()

status = data["controllerStatus"]

print(f"Nodes: {status.get(‘connectedNodes’, ‘N/A")} | Threads:
{status.get(‘activeThreadCount', 'N/A")}")

else:

print("Failed to fetch status:", response.status_code)

except Exception as e:

print("Error:", e)
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def get_processors(token):

print("\nFetching processors info...")

try:
response = requests.get(
f'{NIFI_BASE_URL}/flow/process-groups/root",
headers={
"Authorization": f'Bearer {token}",
"Accept": "application/json™
h
verify=False,

timeout=10

if response.status_code == 200:
data = response.json()

processors = data["processGroupFlow"]["flow"].get("processors", [])

if not processors:

print("No processors found")

for p in processors:
component = p["component"]

status = p["status"]["aggregateSnapshot"]

print(f"\nProcessor: {component['name']}")

print(" State:", component[“state"])

print(" Input:", status["flowFilesIn"])

print(" Output:", status["flowFilesOut"])
else:

print(Failed:", response.status_code)
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except Exception as e:

print("Error:", €)

def get_queue_size(token):

print("\nChecking queue size...")

try:
response = requests.get(
'{NIFI_BASE_URL}/flow/process-groups/root",
headers={
"Authorization": f"Bearer {token}",
"Accept": "application/json"
h
verify=False,

timeout=10

if response.status_code == 200:

data = response.json()

queued_bytes = data["processGroupFlow"]["flow"].get("queuedBytes", 0)

# Handle string values safely
if isinstance(queued_bytes, str):
print("Queue:", queued_bytes)

return O

print("Queued Bytes:", queued_bytes)

return queued_bytes
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else:
print("Failed:", response.status_code)

return O

except Exception as e:
print("Error:", e)

return O

def send_email_alert(message):
if not EMAIL_ENABLED:
print("Email alert disabled")

return

try:
msg = MIMEText(message)
msg["Subject'] = "NiFi Alert"
msg["From"] = EMAIL_SENDER
msg["'To"] = EMAIL_RECEIVER

server = smtplib. SMTP(SMTP_SERVER, SMTP_PORT)

server.starttls()

server.login(EMAIL_SENDER, EMAIL_PASSWORD)
server.sendmail(EMAIL_SENDER, EMAIL_RECEIVER, msg.as_string())

server.quit()

print("Email sent &)

except Exception as e:

print("Email error:", e)
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def monitor_nifi():

print("\nStarting NiFi Monitoring...\n")

while True:

token = get_access_token()

if not token:
print("Retrying login in 10 seconds...")
time.sleep(10)

continue

try:
get_nifi_status(token)

get_processors(token)

queue_size = get_queue_size(token)

if queue_size > QUEUE_THRESHOLD BYTES:
alert_msg = "1 Queue too large: {queue_size}"
print(alert_msg)
send_email_alert(alert_msg)

else:

print("Queue size normal /')

except Exception as e:

print("Error:", )

print("\n--- Waiting 30 seconds ---\n"")
time.sleep(30)
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if _name__ =="__main__

monitor_nifi()

EXPECTED OUTPUT:

Login successful

Fetching NiFi system status...
Nodes: N/A | Threads: 1

Fetching processors info...

Processor: GenerateFlowFile
State: RUNNING
Input: 0
Output: 73930

Processor: LogAttribute
State: RUNNING
Input: 67181
Output: 0

Checking queue size...
Queued Bytes: 0

Queue size normal

Result:

NiFi data pipelines are effectively monitored, optimized, and deployed for production, ensuring they
are scalable, reliable, and efficient.
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EXPERIMENT 11
Deploying Data Pipelines

Aim: To finalize data pipelines for production by integrating it with NiFi Variable registry and deploy
it and monitor data pipelines for data processing.

a. Finalizing your Data Pipelines for Production
Procedure:
1. Ensure Idempotency:
o Use UpdateAttribute to avoid duplicate processing.
2. Enable Backpressure:
o Set queue size limits to prevent memory overflow.
3. Optimize Scheduling:
o Use event-driven scheduling instead of default settings.
4. Enable Security and Access Control:
o Configure SSL/TLS authentication and user permissions.
5. Implement Retry Mechanisms:

o Use RetryFlowFile for failed records.

b. Using the NiFi Variable Registry
Procedure:
1. Navigate to NiFi Settings — Variable Registry.
2. Add Key-Value Pairs, e.g.:
o DB_URL = jdbc:postgresql://localhost:5432/testdb
o API_KEY = 12345abcde
3. Use Variables in Processors:

o Reference as ${DB_URLY} in the Database Connection Pool.

c. Deploying Your Data Pipelines

Procedure:
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1. Export Flow Definition:
o Download flow.xml.gz for easy migration.

2. Deploy on a Cluster:

o Update nifi.properties with cluster node details.

o Configure Zookeeper for coordination.
3. Enable Version Control:
o Store NiFi pipelines in NiFi Registry.
4. Automate Deployment Using NiFi CLI:
Unifi.sh install
[nifi.sh start
5. Secure Pipelines:
o Set up LDAP authentication for user roles.
Code:
import requests
import time

import urllib3

# Disable SSL warnings (NiFi self-signed cert)

urllib3.disable_warnings(urllib3.exceptions.InsecureRequestWarning)

NIFI_URL = "https://localhost:8443/nifi-api"
USERNAME = "5610fdc3-9aab-4003-ace0-276b433e96ee"
PASSWORD = "C7hh7HHXxWSsaxEe/EyY/ckZBh2RyysfZS"

CHECK_INTERVAL = 30 # seconds

def get_token():
try:

res = requests.post(
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f'{NIFI_URL}/access/token",

headers={"Content-Type": "application/x-www-form-urlencoded"},
data={"username": USERNAME, "password": PASSWORD},
verify=False,

timeout=10

if res.status_code in [200, 201]:
print("'Login successful")
return res.text.strip()

else:
print("Login failed:", res.status_code)

return None

except Exception as e:
print("Login error:", e)

return None

def system_metrics(token):

print("\nSYSTEM METRICS")

try:
res = requests.get(
f"{NIFI_URL}/flow/status",
headers={"Authorization": f'Bearer {token}"},
verify=False,

timeout=10

data = res.json().get("controllerStatus”, {})
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print("Active Threads:", data.get("activeThreadCount"))
print("Queued:", data.get("queued™)) # correct for NiFi 2.x
print("Queued Bytes:", data.get("queuedBytes"))

except Exception as e:

print("Error:", €)

def processor_monitor(token):

print("\nPROCESSOR STATUS")

try:
res = requests.get(
f"{NIFI_URL}/flow/process-groups/root",
headers={"Authorization": f'Bearer {token}"},
verify=False,

timeout=10

processors = res.json().get("processGroupFlow", {}).get("flow", {}).get("processors", [])

if not processors:
print(*No processors found")

return
for p in processors:
comp = p.get("component”, {})

stat = p.get("status", {}).get("aggregateSnapshot”, {})

name = comp.get("name")
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state = comp.get(*'state")
in_count = stat.get("flowFilesin®, 0)

out_count = stat.get("flowFilesOut", 0)

print(*\nProcessor:", name)
print(" State:", state)
print(" Input:", in_count)

print(" Output:", out_count)

# Only valid alert
if state 1= "RUNNING":

print(" ALERT: Processor not running")

except Exception as e:

print("Error:", €)

def queue_monitor(token):

print("\nQUEUE STATUS")

try:
res = requests.get(
f"{NIFI_URL}/flow/status",
headers={"Authorization": f'Bearer {token}"},
verify=False,

timeout=10

data = res.json().get("controllerStatus", {})

queued = data.get("queued”, "0")
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print("Queue:", queued)

except Exception as e:

print("Error:", €)

def monitor():

print("\nStarting Production Monitoring...\n")

while True:

token = get_token()

if not token:
print("Retrying in 10 seconds...\n")
time.sleep(10)

continue
system_metrics(token)
processor_monitor(token)

gueue_monitor(token)

print("\nWaiting 30 seconds...\n")
time.sleep(CHECK _INTERVAL)

monitor()

Expected Output:

Starting Production Monitoring...
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Login successful

SYSTEM METRICS
Active Threads: 1

Queued: 12,859 /12.56 MB
Queued Bytes: None

PROCESSOR STATUS

Processor: GenerateFlowFile
State: RUNNING
Input: 0
Output: 325270

Processor: LogAttribute
State: RUNNING
Input: 328193
Output: 0

QUEUE STATUS
Queue: 12,859/ 12.56 MB

Result:
1. Monitoring Metrics:
o CPU, memory, thread usage visible in the NiFi Ul.
o Alerts triggered when pipelines fail.
2. REST API Monitoring:
o JSON response showing NiFi queue size, processor status.
3. Successful Deployment:

o Pipelines running on a NiFi Cluster with version control.
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EXPERIMENT 12
Building a Production Data Pipeline

Aim:

To set up a test and production environment and build a scalable, reliable data pipeline for real-
world deployment.

a. Creating a Test and Production Environment
Procedure:
1. Set Up Separate Environments:
o Test Environment:
» Local NiFi instance (localhost:8080/nifi).
»  Small dataset for validation.
o Production Environment:
» Clustered NiFi setup with high availability.
= Secure configurations (TLS, user authentication).
2. Configure Environment-Specific Variables:
o Use NiFi Variable Registry:
= Test: ${TEST_DB_URL} = jdbc:postgresql://test-db:5432/testdb
* Prod: ${PROD_DB_URLY} = jdbc:postgresql://prod-db:5432/proddb
3. Use NiFi Registry for Version Control:
o Store flows in NiFi Registry.

o Enable versioning for tracking changes.

b. Building a Production Data Pipeline
Procedure:
1. Extract Data from Source (APl/Database/File System):
o Use GetHTTP, ExecuteSQL, ListFile.
2. Transform Data Using NiFi Processors:
o ConvertRecord for format changes (CSV — JSON).
o UpdateAttribute for metadata tagging.
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o ReplaceText for data standardization.
3. Handle Errors and Monitoring:

o Route failures with RouteOnAttribute.

o Use PutSlack or PutEmail for alerts.
4. Load Data into Target System:

o Write to PostgreSQL using PutDatabaseRecord.

o Store in HDFS/S3 using PutHDFS or PutS30bject.
5. Optimize for Production:

o Enable backpressure to prevent overload.

o Implement retries using RetryFlowFile.

o Schedule workflows using event triggers.

c.Deploying a Data Pipeline in Production
Procedure:
1. Prepare the Production Environment
e Set up a NiFi cluster (multiple nodes for high availability).
e Configure:
o Load balancing
o Zookeeper (for clustering)

e Enable secure access (HTTPS + authentication)

2. Version Control Using NiFi Registry
e Connect NiFi to NiFi Registry.
e Save your pipeline (flow) as a version.
e Maintain:
o \ersion history

o Rollback capability

3. Parameterize Configuration
e Use Parameter Contexts:
o Example:

-  ${DB_URL}
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=  ${API_ENDPOINT}
e Maintain separate values for:
o Test

o Production

4. Deploy Flow to Production
e Import versioned flow from Registry.
e Apply production parameters.
e \alidate:
o Controller Services (DB, AP, etc.)

o Connections and relationships

5. Enable Scheduling & Automation
e Set processors to:
o Timer-driven/ Event-driven
e Configure:
o Runschedule (e.g., 1 sec / cron)

o Start all processors in correct order

6. Configure Monitoring & Alerts
e Monitor:
o Processor status
o Queue size
o Throughput
e Configure alerts:
o Email (PutEmail)
o Slack (PutSlack)

7. Enable Fault Tolerance
e Configure:
o RetryFlowFile (automatic retries)

o Dead-letter queues (for failures)
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e Route failures using:

o RouteOnAttribute

8. Optimize Performance
e Enable:
o Backpressure thresholds
o Concurrent tasks
e Tune:
o JVM memory

o Thread count

9. Deploy and Validate
e  Start pipeline
o \alidate:
o Data flow correctness
o No queue buildup

e Monitor logs and dashboards

SIMPLE FLOW
DEV — TEST — VERSION — DEPLOY — MONITOR — OPTIMIZE

Code:

import requests
import time
import urllib3

from requests.auth import HTTPBasicAuth

urllib3.disable_warnings(urllib3.exceptions.InsecureRequestWarning)

NIFI_URL = "https://localhost:8443/nifi-api"
USERNAME = "5610fdc3-9aab-4003-ace0-276b433e96ee"
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PASSWORD = "C7hh7HHxWsaxEe/EyY/ckZBh2RyysfZS"

CHECK_INTERVAL = 30

def check_deployment():
print("\n(] Checking Production Deployment...")

try:
res = requests.get(
*{NIFI_URL}/flow/process-groups/root",
auth=HTTPBasicAuth(USERNAME, PASSWORD),

verify=False

if res.status_code != 200:
print("X Failed to connect:", res.status_code)

return

data = res.json()

processors = data[""processGroupFlow"]["flow"].get("processors”, [])

if not processors:
print("No processors found X")

return

all_running = True

for p in processors:

name = p["component”]["nhame"]

state = p["component™]["state"]



Vishalini Krishnan

stats = p["'status"][""aggregateSnapshot"]

print(f"\nProcessor: {name}")
print("State:", state)
print("In:", stats["flowFilesIn"])

print("Out:", stats["flowFilesOut"])

if state I= "RUNNING":
print(f">X ERROR: {name} not running!")

all_running = False

if stats["flowFilesIn"] > 0 and stats["flowFilesOut"] == 0:
print(f"[] BLOCKED: {name}")

all_running = False

if all_running:
print(*\neZ Deployment Healthy™)
else:

print(*\nCJ Issues Detected")

except Exception as e:

print("Error:", €)

def monitor():

print(" Monitoring Production Deployment...\n")

while True:
check_deployment()
print("\n--- Rechecking in 30 sec ---")
time.sleep(CHECK_INTERVAL)
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if _name__ =="_main__"
monitor()
EXPECTED OUTPUT:

Login successful <7

"1 Checking Production Deployment...
7/ Connected to NiFi

Processor: GenerateFlowFile
State: RUNNING

In: 0

Out: 302610

Processor: LogAttribute
State: RUNNING

In: 299586

Out: 0

) BLOCKED: LogAttribute

] Issues Detected

Result:

Atest and production environment is set up where a scalable, reliable and optimized data
pipeline is built for real-world deployment with schedules and automation.
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