4 P
WWW.DEVSECOPSGUIDES.COM'/

i
;/’

i




DevSecOps Pipelines

In the fast-paced world of software development, ensuring the security and reliability of
applications is a top priority. DevSecOps, an extension of the DevOps philosophy,
integrates security practices into the software development lifecycle. This approach
brings development, security, and operations teams together, ensuring that security is
not an afterthought but an integral part of the entire process. This article dives into the
key components of a successful DevSecOps pipeline.

Code Review Workflow

Creating a complete Code Review Workflow in Python involves integrating with external
tools like SonarQube and version control systems like Git. Since SonarQube has a
REST API, you can use Python to interact with it. In this example, I'll show you a
simplified Code Review Workflow that demonstrates these steps using Python and the
requests library to interact with SonarQube's REST API. Make sure to install the
requests library if you haven't already using pip install requests .

Note: This example assumes you have SonarQube and a Git repository set up.

import requests
import json

# Configure the SonarQube server URL and API token
SONARQUBE_URL = "http://sonarqube.example.com"
SONARQUBE_API_TOKEN = "your_api_token"

# Define a function to create a new project in SonarQube
def create_sonarqube_project(project_key, project_name):
url = f"{SONARQUBE_URL}/api/projects/create"
headers = {
"Authorization": f"Bearer {SONARQUBE_API_TOKEN}",
}
data = {
"key": project_key,
"name": project_name,
}
response = requests.post(url, headers=headers, data=data)

if response.status_code == 200:
print(f"Project '{project_name}' created successfully in SonarQube.")
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else:
print(f"Failed to create project in SonarQube. Status code: {response.status_cod

e}")

# Define a function to analyze code using SonarQube
def analyze_code(project_key, code_path):
url = f"{SONARQUBE_URL}/api/qualitygates/evaluate"
headers = {
"Authorization": f"Bearer {{SONARQUBE_API_TOKEN}",

}
data = {
"projectKey": project_key,
"analysisMode": "preview",
"branch": "main", # Adjust the branch as needed
"sonar.analysis.issuesMode": "issues",
"sonar.sources": code_path,
}
response = requests.post(url, headers=headers, data=data)
if response.status_code == 200:
print("Code analysis completed successfully.")
else:

print(f"Failed to analyze code. Status code: {response.status_code}")

# Main function to simulate the Code Review Workflow

def main():
project_key = "my_project"
project_name = "My Project"

code_path = "/path/to/your/code"

# Step 1: Create a new project in SonarQube
create_sonarqube_project(project_key, project_name)

# Step 2: Analyze the code using SonarQube
analyze _code(project_key, code_path)

# Step 3: Reviewers assess the code (simulate discussions and improvements)
print("Reviewers assess the code and make necessary improvements.")

if __name__ == "__main__":
main()

In this workflow:
1. We configure the SonarQube server URL and API token.

2. The create sonarqube project function creates a new project in SonarQube using its
REST API.
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3. The analyze code function triggers code analysis on a specified code path using
SonarQube's REST API.

4. In the main function, we simulate the Code Review Workflow by creating a new
project, analyzing the code, and simulating discussions and improvements by
reviewers (Step 3).

Please replace sonsrouee ure and sowarquee apz Token With your actual SonarQube
server details and API token. Additionally, update project key, project name , and

code path With your project-specific information. This example provides a basic structure
that you can expand upon and integrate into your actual DevSecOps pipeline.

Static Application Security Testing (SAST)
Pipeline

Creating a basic Static Application Security Testing (SAST) pipeline in Python involves
simulating code scanning for security vulnerabilities and analyzing the results. In a real-
world scenario, you would integrate with SAST tools like Checkmarx or Fortify, but for
this example, we will use Python to simulate the process. Here's a simplified SAST
pipeline in Python:

To create a Python example workflow for a Static Application Security Testing (SAST)
pipeline, we'll simulate the scanning of code for security vulnerabilities and analyzing the
results. In this example, we'll use two popular SAST tools: Semgrep and CodeQL.
Please note that this is a simplified example for demonstration purposes, and in real-
world scenarios, you would typically integrate with these tools as part of your CI/CD
pipeline. Make sure you have Semgrep and CodeQL set up on your local environment
or CI/CD system.

Install required libraries:

pip install requests

Here's the example workflow:
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import subprocess
import requests
import json

# Simulated code with potential security vulnerabilities
code_to_scan = """
def vulnerable_ function(user_input):

eval(user_input)

# Function to scan code using Semgrep
def semgrep_scan(code):
try:
result = subprocess.run(
["semgrep", "--lang", "python", "-"],
input=code,
text=True,
stdout=subprocess.PIPE,
stderr=subprocess.PIPE
)
return result.stdout
except Exception as e:
return str(e)

# Function to analyze SAST results and prioritize issues
def analyze_results(results):
parsed_results = json.loads(results)
if not parsed_results:
return "No vulnerabilities found. Code is secure."

vulnerabilities = len(parsed_results)
prioritized_issues = []

for issue in parsed_results:
severity = issue.get("severity", "Unknown")
message = issue.get("message", "N/A")
location = issue.get("start")
prioritized_issues.append(f"Severity: {severity}, Message: {message}, Location: {1
ocation}")

return f"{vulnerabilities} vulnerabilities found. Issues need remediation.\n\n{chr (1
0).join(prioritized_issues)}"

def main():
# Step 1: Scan code for security vulnerabilities using Semgrep
print("Step 1: Scanning code for security vulnerabilities using Semgrep...")

semgrep_results = semgrep_scan(code_to_scan)

# Step 2: Analyze SAST results and prioritize issues
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print("Step 2: Analyzing SAST results...")
analysis_result = analyze_results(semgrep_results)
print(analysis_result)

if __name__ == "__main__":
main()

In this example:
1. We simulate code ( code_to_scan ) that may contain potential security vulnerabilities.

2. The semgrep scan function uses the subprocess module to run Semgrep on the
provided code and capture the results.

3. The analyze results function analyzes the JSON-formatted Semgrep results, counts
vulnerabilities, and prioritizes issues based on severity.

4. In the main function, we simulate the SAST pipeline by scanning the code using
Semgrep and analyzing the results.

Regarding Semgrep and CodeQL.:

e Semgrep: Semgrep is an open-source static analysis tool that allows you to write
custom rules to detect and prevent security vulnerabilities and coding errors. In this
example, we use Semgrep to scan the code for potential issues.

e CodeQL: CodeQL is a commercial static analysis tool developed by GitHub (now
part of Microsoft) that allows you to query and analyze code for vulnerabilities and
coding patterns. It provides a more comprehensive analysis than Semgrep but
requires creating specific CodeQL queries for your codebase.

In a real-world SAST pipeline, you would integrate with these tools in your CI/CD
system, scan your actual application code, and analyze the results. Both Semgrep and
CodeQL are valuable tools for identifying security vulnerabilities and improving code
quality.

Dynamic Application Security Testing
(DAST) Pipeline

Creating a Python example workflow for a Dynamic Application Security Testing (DAST)
pipeline involves simulating the testing of deployed applications for security
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vulnerabilities and analyzing the results. In this example, we'll use OWASP ZAP (Zed
Attack Proxy) as a popular open-source DAST tool. Please note that this is a simplified
example for demonstration purposes, and in real-world scenarios, you would typically
integrate with such tools as part of your CI/CD pipeline.

Install the required libraries:

pip install requests

Here's the example workflow:

import subprocess
import requests

# Simulated deployed application URL
app_url = "http://example.com"

# Function to run OWASP ZAP scan
def run_owasp_zap_scan(url):
try:
# Start an OWASP ZAP scan using the command-line interface
subprocess.run(["zap-cli", "start", "--url", url], check=True)

# Spider the application to discover all reachable pages
subprocess.run(["zap-cli", "spider", url], check=True)

# Perform an active scan to find vulnerabilities
subprocess.run(["zap-cli", "active-scan", url], check=True)

# Generate an HTML report
subprocess.run(["zap-cli", "report", "-o", "owasp_zap_report.html", "-f", "html"],
check=True)

# Shutdown OWASP ZAP
subprocess.run(["zap-cli", "shutdown"], check=True)

return "OWASP ZAP scan completed successfully. Report saved as 'owasp_zap_report.h
tml'."
except subprocess.CalledProcessError as e:
return f"Error running OWASP ZAP scan: {e}"

# Function to analyze DAST results
def analyze results():
# In a real-world scenario, you would parse the OWASP ZAP report to identify vulnerabi
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lities.
# For demonstration, we will just print a simulated result.
return "Simulated DAST results analysis: No vulnerabilities found."

def main():
# Step 1: Run OWASP ZAP scan on the deployed application
print(f"Step 1: Running OWASP ZAP scan on {app_url}...")
owasp_zap_result = run_owasp_zap_scan(app_url)
print (owasp_zap_result)

# Step 2: Analyze DAST results

print("Step 2: Analyzing DAST results...")
dast_analysis_result = analyze_results()
print(dast_analysis_result)

if __name__ == "__main__":
main()

In this example:
1. We simulate a deployed application by specifying its URL (‘app ur1).

2. The run owasp zap scan function runs an OWASP ZAP scan using the OWASP ZAP
command-line interface ( zap-c1i ). This includes starting the scan, spidering the
application to discover pages, performing an active scan to find vulnerabilities, and
generating an HTML report.

3. The analyze resuits function is a placeholder for analyzing the DAST results. In a
real-world scenario, you would parse the OWASP ZAP report to identify
vulnerabilities and prioritize issues.

4. In the main function, we simulate the DAST pipeline by running the OWASP ZAP
scan on the deployed application and analyzing the results.

Regarding OWASP ZAP:

¢ OWASP ZAP (Zed Attack Proxy): OWASP ZAP is an open-source security testing
tool for finding vulnerabilities in web applications during runtime. It provides
automated scanners, passive scanners, and various other tools for identifying
security issues. You can download OWASP ZAP from the official website
(https://www.zaproxy.org/) and use the zap-c1i command-line interface to automate
scans.
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In a real-world DAST pipeline, you would integrate OWASP ZAP or similar tools into
your CI/CD system, scan your actual deployed applications, and perform in-depth
analysis of the results. Properly configured DAST tools are crucial for identifying
vulnerabilities in running applications and enhancing overall security.

Container Scanning Workflow

Creating a Python example workflow for a Container Scanning pipeline involves
simulating the scanning of container images for vulnerabilities and identifying and
addressing these vulnerabilities. In this example, we'll use Trivy as an open-source
container image vulnerability scanner. Please note that this is a simplified example for
demonstration purposes, and in real-world scenarios, you would typically integrate with
container registry and scanning tools as part of your CI/CD pipeline.

Install Trivy: Before running the example, you need to install Trivy on your system. You
can follow the installation instructions here:
https://aquasecurity.github.io/trivy/v0.20.0/installation/install/

Here's the example workflow:

import subprocess

# Simulated container image
container_image = "example_app:latest"

# Function to run Trivy scan on a container image
def run_trivy_scan(image):
try:
# Run Trivy scan on the specified container image
scan_result = subprocess.run(["trivy", "image", "--exit-code", "0", image], captur
e_output=True, text=True)

return scan_result.stdout
except subprocess.CalledProcessError as e:
return f"Error running Trivy scan: {e}"

# Function to analyze container scanning results
def analyze results(scan_results):

# In a real-world scenario, you would parse the Trivy scan results to identify vulnera
bilities.

# For demonstration, we will just print a simulated result.

return "Simulated container scanning results analysis: No vulnerabilities found."
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def main():
# Step 1: Run Trivy scan on the container image
print(f"Step 1: Running Trivy scan on container image '{container_image}'...")
trivy_scan_result = run_trivy_scan(container_image)
print(trivy_scan_result)

# Step 2: Analyze container scanning results

print("Step 2: Analyzing container scanning results...")
scan_analysis_result = analyze_results(trivy_scan_result)
print(scan_analysis_result)

if __name__ == "__main__":
main()

In this example:

1. We simulate a container image ( container image ) that you want to scan for
vulnerabilities.

2. The run trivy scan function runs a Trivy scan on the specified container image
using the trivy command-line tool.

3. The analyze results function is a placeholder for analyzing the container scanning
results. In a real-world scenario, you would parse the Trivy scan results to identify
vulnerabilities and prioritize issues.

4. In the main function, we simulate the Container Scanning pipeline by running the
Trivy scan on the container image and analyzing the results.

Regarding Trivy:

e Trivy: Trivy is an open-source container image vulnerability scanner. It scans
container images for known vulnerabilities in the software packages and libraries
included in the image. Trivy is widely used in container security workflows to identify
and remediate vulnerabilities before deploying containers into production.

In a real-world Container Scanning pipeline, you would integrate Trivy or similar tools
into your CI/CD system, scan your actual container images, and perform in-depth
analysis of the results. Properly configured container scanning tools are crucial for
identifying and addressing vulnerabilities in containerized applications.
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Infrastructure as Code (lIaC) Security
Pipeline

Creating a Python example workflow for an Infrastructure as Code (IaC) Security
Pipeline involves simulating the scanning of laC templates for security issues, flagging
misconfigurations and vulnerabilities, and optionally correcting them. In this example,
we'll use an open-source tool called "TfSec" to scan Terraform templates for security
issues. Please note that this is a simplified example for demonstration purposes, and in
real-world scenarios, you would typically integrate with 1aC tools and scanning tools as
part of your CI/CD pipeline.

Install TfSec: Before running the example, you need to install TfSec on your system.
You can follow the installation instructions here: https://tfsec.dev/docs/install/

Here's the example workflow:

import subprocess

# Simulated Terraform template
terraform_template = """
resource "aws_s3_bucket" "example_ bucket" {
bucket = "example_bucket"
acl = "public-read"

3

# Function to run TfSec scan on a Terraform template
def run_tfsec_scan(template):
try:
# Write the Terraform template to a temporary file
with open("temp.tf", "w") as temp_file:
temp_file.write(template)

# Run TfSec scan on the Terraform template
scan_result = subprocess.run(["tfsec", "temp.tf"], capture_output=True, text=True)

# Remove the temporary file
subprocess.run(["rm", "temp.tf"])

return scan_result.stdout
except subprocess.CalledProcessError as e:

return f"Error running TfSec scan: {e}"

# Function to analyze TfSec scanning results
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def analyze_results(scan_results):

# In a real-world scenario, you would parse the TfSec scan results to identify vulnera
bilities.

# For demonstration, we will just print a simulated result.

return "Simulated IaC scanning results analysis: Misconfiguration detected."

def main():
# Step 1: Run TfSec scan on the Terraform template
print("Step 1: Running TfSec scan on the Terraform template...")
tfsec_scan_result = run_tfsec_scan(terraform_template)
print(tfsec_scan_result)

# Step 2: Analyze TfSec scanning results

print("Step 2: Analyzing TfSec scanning results...")
scan_analysis_result = analyze results(tfsec_scan_result)
print(scan_analysis_result)

if __name__ == "__main__":
main()

In this example:

1. We simulate a Terraform template ( terraform template ) that you want to scan for
security issues.

2. The run tfsec scan function writes the Terraform template to a temporary file, runs
TfSec on the specified template using the tfsec command-line tool, and captures
the scan results.

3. The analyze resuits function is a placeholder for analyzing the IaC scanning results.
In a real-world scenario, you would parse the TfSec scan results to identify
vulnerabilities and prioritize issues.

4. In the main function, we simulate the laC Security Pipeline by running the TfSec
scan on the Terraform template and analyzing the results.

Regarding TfSec:

o TfSec: TfSec is an open-source static analysis tool for Terraform configurations. It
scans Terraform templates for security issues, misconfigurations, and best practices
violations. TfSec is widely used in IaC security workflows to identify and remediate
security issues in infrastructure code.

In a real-world laC Security Pipeline, you would integrate TfSec or similar tools into your
CI/CD system, scan your actual laC templates, and perform in-depth analysis of the
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results. Properly configured IaC scanning tools are essential for identifying and
addressing security issues in infrastructure code.

Secret Management Workflow

Creating a Python example workflow for a Secret Management Pipeline involves
simulating the secure storage and management of secrets using open-source tools like
HashiCorp Vault or AWS Secrets Manager. In this example, we'll use HashiCorp Vault
as the secret management tool. Please note that this is a simplified example for
demonstration purposes, and in real-world scenarios, you would typically integrate with
these tools as part of your application and deployment processes.

Install HashiCorp Vault: Before running the example, you need to install and configure
HashiCorp Vault. You can follow the installation instructions here:
https://learn.hashicorp.com/tutorials/vault/getting-started-install

Here's the example workflow:

import hvac

# Simulated secrets to be stored
secrets_to_store = {
"api_key": "my_api_key",
"db_password": "my_db_password",
"other_secret": "my_other_secret"

# Function to store secrets in HashiCorp Vault
def store_secrets(secrets):
try:
# Create a Vault client
client = hvac.Client()

# Authenticate to Vault (In a real-world scenario, you would use proper authentica
tion methods)
client.token = "your_vault_token"

# Store secrets in Vault
for key, value in secrets.items():
client.secrets.kv.v2.create_or_update_secret(
path="my-secrets",
secret=key,
data={"value": value}
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return "Secrets stored successfully in HashiCorp Vault."
except Exception as e:
return f"Error storing secrets in HashiCorp Vault: {e}"

# Function to retrieve secrets from HashiCorp Vault
def retrieve_secrets():
try:
# Create a Vault client
client = hvac.Client()

# Authenticate to Vault (In a real-world scenario, you would use proper authentica
tion methods)
client.token = "your_vault_token"

# Retrieve secrets from Vault
secrets = {}
secret_paths = client.secrets.kv.v2.list_secrets(path="my-secrets")
for secret_path in secret_paths.get("data", {}).get("keys", []):
secret_data = client.secrets.kv.v2.read_secret_version(path=f"my-secrets/{secr
et_path}")
secret_key = secret_path
secret_value = secret_data.get("data", {}).get("data", {}).get("value", "")
secrets[secret_key] = secret_value

return secrets
except Exception as e:
return f"Error retrieving secrets from HashiCorp Vault: {e}"

def main():
# Step 1: Store secrets in HashiCorp Vault
print("Step 1: Storing secrets in HashiCorp Vault...")
store_result = store_secrets(secrets_to_store)
print(store_result)

# Step 2: Retrieve secrets from HashiCorp Vault
print("Step 2: Retrieving secrets from HashiCorp Vault...")
retrieved_secrets = retrieve_secrets()
print("Retrieved secrets:")
for key, value in retrieved_secrets.items():
print(f"{key}: {value}")

if __name__ == "__main__":
main()

In this example:

1. We simulate secrets ( secrets to store ) that you want to securely store in HashiCorp
Vault.
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2. The store secrets function connects to HashiCorp Vault, authenticates using a
token (in a real-world scenario, you would use proper authentication methods), and
stores the secrets in a designated path.

3. The retrieve secrets function retrieves secrets from HashiCorp Vault using the
same authentication method and path.

4. In the main function, we simulate the Secret Management Pipeline by storing and
retrieving secrets from HashiCorp Vault.

Regarding HashiCorp Vault:

o HashiCorp Vault: HashiCorp Vault is an open-source tool for secret management
and data protection. It allows you to securely store and manage secrets, such as
API keys and passwords, and control access to them. Vault provides features for
encryption, dynamic secrets, access policies, and auditing.

In a real-world Secret Management Pipeline, you would integrate HashiCorp Vault or
similar tools into your application and deployment processes, ensuring that secrets are
securely stored, accessed, and monitored. Proper secret management is essential for
maintaining the security of sensitive information.

Continuous Compliance Pipeline

Creating a Python example workflow for a Continuous Compliance Pipeline involves
simulating the definition of policies and compliance rules, automated checks to ensure
infrastructure and applications adhere to these policies, and flagging and correcting
non-compliant resources. While there are several open-source tools and services
available for compliance automation, in this example, we'll use Open Policy Agent (OPA)
as a representative open-source tool for policy enforcement.

Install Open Policy Agent (OPA): Before running the example, you need to install OPA
on your system. You can follow the installation instructions here:
https://www.openpolicyagent.org/docs/latest/get-started/#1-download-opa

Here's the example workflow:

import subprocess

# Simulated infrastructure and application data (e.g., in JSON format)
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infrastructure_data = {
"vm_count": 5,
"storage_size_gb": 100,
"region": "us-east-1",

# Simulated compliance policies (OPA rego policy)
compliance_policy = """
package example

vm_count_check {
input.vm_count >= 5

storage_size_check {
input.storage_size_gb >= 100

region_check {
input.region == "us-east-1"

}

# Function to check compliance using Open Policy Agent (OPA)
def check_compliance(data, policy):
try:
# Write the policy to a temporary file
with open("compliance policy.rego", "w") as policy file:
policy file.write(policy)

# Write the data to a temporary file
with open("infrastructure_data.json", "w") as data_file:
data_file.write(data)

# Run OPA to check compliance
result = subprocess.run(
["opa", "eval", "--data", "infrastructure_data.json", "--input", "compliance_p
olicy.rego", "example"],
capture_output=True,
text=True,

# Remove temporary files
subprocess.run(["rm", "compliance_policy.rego", "infrastructure_data.json"])

return result.stdout.strip()
except Exception as e:
return f"Error checking compliance with OPA: {e}"

def main():
# Step 1: Define compliance policies
print("Step 1: Defining compliance policies...")
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print("Compliance policy:")
print(compliance_policy)

# Step 2: Check compliance using OPA
print("Step 2: Checking compliance using Open Policy Agent (OPA)...")
compliance_check_result = check_compliance(
data=json.dumps(infrastructure_data),
policy=compliance_policy,

)

print("Compliance check result:")
print(compliance_check_result)

# Step 3: Flag and correct non-compliant resources

if "false" in compliance_check_result.lower():
print("Step 3: Flagging and correcting non-compliant resources...")
# Implement correction logic here (simulated for demonstration)

if __name__ == "__main__":
main()

In this example:

1. We simulate infrastructure and application data ( infrastructure data ) that you want
to check for compliance.

2. The compliance policy represents a compliance policy in Open Policy Agent (OPA)
rego language, which defines rules for checking compliance.

3. The check compliance function writes the policy and data to temporary files, runs OPA
to check compliance, and captures the result.

4. In the main function, we simulate the Continuous Compliance Pipeline by defining
compliance policies, checking compliance using OPA, and flagging and correcting
non-compliant resources (simulated for demonstration).

Regarding Open Policy Agent (OPA):

+ Open Policy Agent (OPA): OPA is an open-source policy engine that allows you to
define and enforce policies across various domains, including infrastructure and
application security. OPA uses a declarative language called rego to express
policies. It is widely used for compliance automation and policy enforcement in
cloud-native environments.

In a real-world Continuous Compliance Pipeline, you would integrate OPA or similar
tools into your CI/CD and infrastructure management processes, define comprehensive
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policies, and automate compliance checks to ensure that your infrastructure and
applications adhere to your organization's compliance requirements. Proper compliance
automation helps maintain security and compliance standards efficiently.

Vulnerability Management Workflow

Creating a Python example workflow for a Vulnerability Management Pipeline involves
simulating continuous monitoring for new vulnerabilities, checking vulnerability
databases and feeds for updates, and triaging and mitigating vulnerabilities promptly.
Vulnerability management is a critical aspect of maintaining the security of your systems
and applications. While there are various tools and services available for vulnerability
management, this example will focus on using the Common Vulnerabilities and
Exposures (CVE) database as a representative source for vulnerability data.

Here's the example workflow:

import requests
import json
from datetime import datetime

# Simulated vulnerability database URL (CVE database feed)
vulnerability database_url = "https://cve.circl.lu/api/last"

# Function to fetch the latest vulnerabilities from the CVE database
def fetch_latest_vulnerabilities():
try:
response = requests.get(vulnerability database_url)
if response.status_code == 200:
vulnerabilities = json.loads(response.text)
return vulnerabilities
else:
return None

except Exception as e:
return f"Error fetching vulnerabilities from the CVE database: {e}"

# Function to monitor and triage new vulnerabilities
def monitor_and_triage_vulnerabilities(previous_vulnerabilities, current_vulnerabilities):
new_vulnerabilities = []

# Compare the previous and current vulnerabilities to find new ones
for vulnerability in current_vulnerabilities:
if vulnerability not in previous_vulnerabilities:
new_vulnerabilities.append(vulnerability)
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return new_vulnerabilities

def main():
# Step 1: Fetch the latest vulnerabilities from the CVE database
print("Step 1: Fetching the latest vulnerabilities from the CVE database...")
current_vulnerabilities = fetch_latest_vulnerabilities()

if current_vulnerabilities is None:
print("Failed to fetch vulnerabilities. Exiting.")
return

# Step 2: Load previous vulnerabilities data (simulated for demonstration)
previous_vulnerabilities = [

{"CVE-2021-12345": "Vulnerability 1"},

{"CVE-2021-23456": "Vulnerability 2"},

# Step 3: Monitor and triage new vulnerabilities

print("Step 3: Monitoring and triaging new vulnerabilities...")

new_vulnerabilities = monitor_and_triage_vulnerabilities(previous_vulnerabilities, cur
rent_vulnerabilities)

if new_vulnerabilities:
print("New vulnerabilities detected:")
for vuln in new_vulnerabilities:
print(f"{vuln['id']} - {vuln['summary']}")
else:
print("No new vulnerabilities detected.")

if __name__ == "__main__":
main()

In this example:

1. We simulate fetching the latest vulnerabilities from the CVE database using the
requests library. You can replace the vulnerability database url with an actual
vulnerability feed URL if needed.

2. We simulate loading the previous vulnerabilities data, which can be stored in a
database or file. In practice, this data would represent vulnerabilities from previous
scans or monitoring periods.

3. The monitor and triage vulnerabilities function compares the previous and current
vulnerabilities to identify new ones and returns a list of new vulnerabilities.
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4. In the main function, we simulate the Vulnerability Management Pipeline by fetching
the latest vulnerabilities, loading previous vulnerabilities data (simulated for
demonstration), and monitoring and triaging new vulnerabilities.

Regarding open-source tools:

There are various open-source and commercial tools available for vulnerability
management, including scanners like Nessus, OpenVAS, and vulnerability databases
like the National Vulnerability Database (NVD) and CVE Details. These tools provide
comprehensive vulnerability management capabilities, including vulnerability scanning,
tracking, and reporting. You can integrate them into your pipeline to automate the entire
vulnerability management process.

In a real-world Vulnerability Management Pipeline, you would use dedicated
vulnerability management tools, automate vulnerability scans, and prioritize and
remediate vulnerabilities based on their severity and impact on your systems and
applications. Proper vulnerability management is crucial for maintaining the security and
integrity of your infrastructure and software.

Patch Management Workflow

Creating a Python example workflow for a Patch Management Pipeline involves
simulating the regular application of system and software updates and prioritizing critical
patches using vulnerability assessments. Patch management is essential for
maintaining the security and stability of your systems. While there are various open-
source and commercial tools available for patch management, this example will focus
on a simplified script for demonstration purposes.

Here's the example workflow:

import random

# Simulated list of software packages with their patch status
software_packages = {
"0S": {"version": "2.6.32", "patched": True},
"Web Server": {"version": "Apache 2.4.41", "patched": False},
"Database": {"version": "MySQL 5.7.30", "patched": True},
"Application": {"version": "App 1.2.3", "patched": False},
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# Function to simulate applying updates
def apply_updates(package):
if random.random() < ©.7: # Simulate a 70% chance of successful update
package["patched"] = True
return True
else:
return False

# Function to prioritize critical patches based on vulnerability assessments
def prioritize_patches(packages):
critical_patches = []

# Simulate vulnerability assessments (randomly mark packages as critical)
for package, info in packages.items():
if random.random() < 0.3: # Simulate a 30% chance of being marked critical
critical_patches.append(package)

return critical_patches

def main():
# Step 1: Apply updates to software packages
print("Step 1: Applying updates to software packages...")
for package, info in software_packages.items():
if not info["patched"]:
update_result = apply updates(info)
if update_result:
print(f"Updated {package} successfully.")
else:
print(f"Failed to update {package}.")

# Step 2: Prioritize critical patches based on vulnerability assessments
print("Step 2: Prioritizing critical patches...")
critical patches = prioritize_patches(software_packages)

if critical patches:
print("Critical patches to be applied:")
for package in critical_patches:
print(package)
else:
print("No critical patches to apply.")

if __name__ == "__main__ ":
main()

In this example:

1. We simulate a list of software packages with their patch status, where "patched"”
indicates whether the package is up to date.
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2. The apply updates function simulates applying updates to software packages with a
70% chance of success. In practice, this would involve using package managers or
update mechanisms specific to each package.

3. The prioritize patches function simulates vulnerability assessments and marks
software packages as critical patches with a 30% chance of being critical.

4. In the main function, we simulate the Patch Management Pipeline by applying
updates to software packages and prioritizing critical patches based on vulnerability
assessments (simulated for demonstration).

Regarding open-source tools:

In a real-world Patch Management Pipeline, you would use dedicated patch
management tools that automate the process of scanning for available patches,
applying updates, and prioritizing critical patches based on vulnerability assessments.
Popular open-source patch management tools include:

« WSUS (Windows Server Update Services): For managing Windows updates in a
Windows environment.

« YUM (Yellowdog Updater, Modified): For managing software updates on Red Hat
and CentOS systems.

+ Apt (Advanced Package Tool): For managing software updates on Debian and
Ubuntu systems.

¢ OVAL (Open Vulnerability and Assessment Language): An XML-based language
for assessing and reporting on the security state of systems.

These tools provide more comprehensive patch management capabilities and are
designed to handle updates across a wide range of software and systems.

Proper patch management is crucial for maintaining security, stability, and compliance in
your environment. The choice of tools and processes should align with your
organization's specific needs and requirements.

Incident Response Workflow

Creating an effective incident response workflow involves several key steps, each
leveraging specific tools and techniques. Here's a Python-based example workflow,
including open-source tools, to automate and manage incident response:
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Incident Response Workflow
1. Define an Incident Response Plan

o Task: Document policies and procedures for identifying, addressing, and
recovering from security incidents.

e Tools: Use a documentation tool like Sphinx (Python-based) to create
comprehensive, searchable, and easily updatable documentation.

2. Automate Detection and Alerting for Security Incidents

¢ Task: Implement systems that automatically detect potential security incidents
and send alerts.

o Python Workflow Example:

import osquery
from elastalert.elastalert import ElastAlert

# Initialize Osquery for endpoint monitoring
0sq = osquery.SpawnInstance()
osq.open() # Start the osquery daemon

# Define a query to monitor for suspicious activity (e.g., unauthorized access)
query = "SELECT * FROM process_open_sockets WHERE remote_port = 80;"
results = osqg.query(query)

# If suspicious activity is detected, trigger an alert
if results.response:
alert = ElastAlert()

alert.add_rule({"type": "any", "alert": "email"})
alert.run_rule({"hits": results.response})

e Tools:
o Osquery: For endpoint monitoring and querying system state.

o ElastAlert: A flexible alerting framework that works with Elasticsearch for
alerting on anomalies, spikes, or other patterns of interest.

3. Execute a Coordinated Response Plan When Incidents Occur
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e Task: Activate response protocols, including team coordination, communication,
and mitigation actions.

o Python Workflow Example:

import thehivedpy
from thehive4py.api import TheHiveApi
from thehive4py.models import Alert, AlertArtifact

# Initialize TheHive API for incident response management
api = TheHiveApi('THEHIVE_URL', 'API_KEY')

# Create an alert in TheHive for the incident

artifacts = [AlertArtifact(dataType='ip', data='suspicious_ip')]

alert = Alert(title='Security Incident Detected',
description='Unauthorized access detected',
severity=3,
artifacts=artifacts)

response = api.create_alert(alert)

# Check if the alert was successfully created

if response.status_code == 201:
print("Alert created successfully")

e Tools:

o TheHive: A scalable, open-source, and free Security Incident Response
Platform, which can be integrated with MISP, Cortex, etc., for orchestration.

Implementing the Pipeline

1. Set Up and Configure Tools: Install Osquery, ElastAlert, Sphinx, and TheHive.
Configure them to suit your network and organizational requirements.

2. Document Processes: Use Sphinx to document your incident response plan,
detailing procedures for detection, alerting, and response.

3. Implement Detection and Alerting: Use Osquery for continuous monitoring and
ElastAlert for real-time alerting based on defined criteria.

4. Incident Response: Utilize TheHive for managing and responding to incidents as
they occur, ensuring coordinated action and documentation.
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Threat Intelligence Integration

Integrating threat intelligence into security operations is crucial for proactive defense
against known threats. The following Python-based workflow demonstrates how to
integrate threat intelligence feeds and automate actions based on the gathered
intelligence. We'll use open-source tools to illustrate this process.

Threat Intelligence Integration Workflow
1. Integrate Threat Intelligence Feeds
o Task: Gather and process threat intelligence from various sources.

e Python Workflow Example:

from pycti import OpenCTIApiClient
import requests

# Initialize OpenCTI API client
opencti_api_token = 'YOUR_OPENCTI_API_TOKEN'
opencti_url = 'https://your-opencti-server-url.com'

api_client = OpenCTIApiClient(opencti_url, opencti_api_token)

# Retrieve threat intelligence data from OpenCTI
threat_intel data = api_client.stix2.export_bundle()

# Process the retrieved data as needed
# (e.g., parsing, storing, or sending to other systems)

e Tools:

o OpenCTI (Open Cyber Threat Intelligence): A platform that allows the
management of cyber threat intelligence knowledge and its sharing as
STIX2 content.

2. Automate Actions Based on Threat Intelligence Data

e Task: Implement automated responses to identified threats using the gathered
intelligence.

» Python Workflow Example:
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import snortconfig
import requests

# Function to update Snort rules based on threat intelligence
def update_snort_rules(threat_data):

snort_rules = snortconfig.parse_rules(threat_data)

for rule in snort_rules:

snortconfig.add_rule(rule)
snortconfig.write_config('/etc/snort/snort.conf')

# Call the function with the threat intelligence data
update_snort_rules(threat_intel data)

e Tools:

o Snort: An open-source network intrusion detection system (NIDS) that can
be used to detect and prevent intrusions.

o Snortconfig: A Python library to manage Snort configurations.

Implementing the Pipeline

1. Set Up and Configure Tools: Install OpenCTI and Snort, and configure them
according to your network environment.

2. Integrate Threat Intelligence Feeds: Use OpenCTI to connect to various threat
intelligence sources, and retrieve and store threat data.

3. Automate Responses: Based on the threat intelligence data, automate responses
such as updating Snort rules to detect and block identified threats.

Continuous Monitoring and Logging

Setting up a continuous monitoring and logging pipeline is vital for maintaining
cybersecurity and operational health. This pipeline typically involves collecting logs,
monitoring for suspicious activities, and automating responses to potential threats.
Here's a Python-based example workflow, leveraging popular open-source tools:

Continuous Monitoring and Logging Workflow

1. Collect Logs and Telemetry Data from All Systems
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o Task: Aggregate logs from various sources (servers, applications, network
devices).

o Python Workflow Example:

from elasticsearch import Elasticsearch
import filebeat

# Initialize Elasticsearch client for log storage
es = Elasticsearch(['http://localhost:9200'])

# Configure and start Filebeat to send logs to Elasticsearch
filebeat_config = filebeat.Config("filebeat.yml")
filebeat_config.setup()

filebeat.start(filebeat_config)

# Example of sending a log entry directly from Python

log_entry = {"message": "New log entry", "timestamp": "2023-01-01T00:00:00"}
es.index(index="1logs", document=log_entry)

e Tools:

o Elasticsearch: A search engine that provides a distributed, multitenant-
capable full-text search engine with an HTTP web interface and schema-
free JSON documents.

o Filebeat: A lightweight shipper for forwarding and centralizing log data.
2. Monitor for Suspicious Activities and Security Events
o Task: Analyze the collected logs to identify any unusual or suspicious activities.

e Python Workflow Example:

from elasticsearch_dsl import Search

# Define a search query in Elasticsearch to identify suspicious activities
s = Search(using=es, index="logs").query("match", message="unauthorized access")
response = s.execute()

# Process the search results
for hit in response:
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print("Suspicious activity found:", hit.message)

e Tools:

o Elasticsearch DSL: A high-level library that helps with writing and running
gueries against Elasticsearch.

3. Set Up Alerting and Automated Responses to Potential Threats

o Task: Implement alerting mechanisms and automated responses for detected
threats.

e Python Workflow Example:

import requests

def send_alert(message):
# Function to send an alert (e.g., email, webhook)
webhook_url = "https://your-alerting-service.com/webhook"
payload = {"text": message}
requests.post(webhook_url, json=payload)

# Example usage
if response:

for hit in response:
send_alert(f"Suspicious activity detected: {hit.message}")

e Tools:

o Webhooks/Alerting Services: For sending alerts. This can be integrated
with services like Slack, PagerDuty, or custom webhook handlers.

Implementing the Pipeline

1. Set Up and Configure Tools: Install and configure Elasticsearch, Filebeat, and
Python libraries (e.g., elasticsearch , elasticsearch-dsl )

2. Data Collection: Use Filebeat to collect and forward logs to Elasticsearch.

3. Data Monitoring: Regularly query Elasticsearch for potential security events or
anomalies using Elasticsearch DSL.
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4. Alerting and Response: Implement alerting mechanisms using webhooks or other
alerting services. Automate responses where possible.

Secure Deployment Workflow

Creating a secure deployment workflow involves ensuring applications and
infrastructure are deployed with security best practices in mind. This includes secure
configurations, secrets management, and robust authentication and authorization
controls. Here's an example of a Python-based workflow using open-source tools to
achieve this:

Secure Deployment Workflow
1. Deploy Applications and Infrastructure Using Secure Configurations
o Task: Automate the deployment process with security configurations in place.

e Python Workflow Example:

import ansible_runner

# Define an Ansible playbook for secure deployment
secure_deployment_playbook = {
'hosts': 'all',
'roles': [
{'role': 'secure_base', 'vars': {'security level': 'high'}}
1
}

# Run the Ansible playbook
ansible_runner.run(playbook=secure_deployment_playbook)

e Tools:

o Ansible: An open-source automation tool for configuration management,
application deployment, and many other IT needs.

o Ansible Runner: A Python library to interface with Ansible
programmatically.

2. Implement Secrets Management
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o Task: Manage and secure sensitive data like API keys, passwords, and
certificates.

o Python Workflow Example:

from hvac import Client

# Connect to HashiCorp Vault for secrets management
vault_client = Client(url='http://localhost:8200"')
vault_client.token = 'your_vault_token'

# Store a new secret
vault_client.secrets.kv.v2.create_or_update_secret(
path="myapp/config’,
secret=dict(username='admin', password='securepassword')

e Tools:

o HashiCorp Vault: A tool for securely accessing secrets such as API keys,
passwords, or certificates.

3. Implement Authentication and Authorization Controls
o Task: Ensure only authenticated and authorized entities can access resources.

» Python Workflow Example:

from flask import Flask, request
from flask _httpauth import HTTPBasicAuth

app = Flask(__name_ )
auth = HTTPBasicAuth()

@auth.verify_password

def verify_ password(username, password):
# Implement verification logic (e.g., check against a database or Vault)
return username == 'admin' and password == 'securepassword'

@app.route('/secure-resource')
@auth.login_required
def secure_resource():

return "Secure Resource Accessed"
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if __name__ == '__main__':
app.run()

e Tools:
o Flask: A micro web framework written in Python.

o Flask-HTTPAuth: An extension for Flask that simplifies the use of HTTP
authentication.

Identity and Access Management (IAM)
Workflow

Implementing an effective Identity and Access Management (IAM) workflow is crucial for
maintaining secure access to resources within an organization. The key aspects include
implementing least privilege access and automating user onboarding and offboarding
processes. Here's a Python-based example workflow, incorporating open-source tools:

Identity and Access Management (IAM) Workflow

1. Implement Least Privilege Access for Users and Services

o Task: Ensure that users and services have only the access they need to
perform their functions.

e Python Workflow Example:

from ldap3 import Server, Connection, ALL, MODIFY_REPLACE

# Connect to LDAP server

ldap_server = Server('your_ldap_server', get_info=ALL)

ldap_connection = Connection(ldap_server, 'cn=admin,dc=example,dc=com', 'passwor
d')

ldap_connection.bind()

# Function to update user privileges
def update_user_privileges(user_dn, new_privileges):
ldap_connection.modify(user_dn, {
'userPrivileges': [(MODIFY_REPLACE, new_privileges)]

b
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# Example: Update privileges for a specific user
update_user_privileges('cn=john.doe, ou=users, dc=example,dc=com', ['READ_ONLY'])

e Tools:

o LDAP (Lightweight Directory Access Protocol): A protocol used to
access and manage directory information.

o ldap3: A Python LDAP library.
2. Automate User Onboarding and Offboarding Processes

o Task: Streamline the processes of adding new users to the system and
removing access for departing users.

» Python Workflow Example:

# Function to onboard a new user
def onboard_user(user_details):
# Add user to LDAP directory
ldap_connection.add('cn={name}, ou=users, dc=example,dc=com'.format(name=user_d
etails['name']),
['inetOrgPerson', 'organizationalPerson', 'person',6 'to
p'l,
{'sn': user_details['surname'], 'givenName': user_details
['givenName'], 'mail': user_details['email']})

# Function to offboard a user

def offboard_user(user_dn):
# Remove user from LDAP directory
ldap_connection.delete(user_dn)

# Example usage

onboard_user({'name': 'Jane Doe', 'surname': 'Doe', 'givenName': 'Jane', 'email':
'jane.doe@example.com'})

offboard_user('cn=John Doe, ou=users,dc=example,dc=com')

e Tools:

o LDAP /ldap3: As above, for managing user information in a directory
service.
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Security Testing in CI/ICD

Integrating security testing into the Continuous Integration/Continuous Deployment
(CI/CD) pipeline is essential for ensuring that software releases are not only efficient but
also secure. This involves incorporating various types of security testing like Static
Application Security Testing (SAST), Dynamic Application Security Testing (DAST), and
Infrastructure as Code (laC) scanning. Here’s an example workflow in Python using
open-source tools:

Security Testing in CI/ICD Workflow
1. Integrate Security Testing Tools into CI/CD

e Task: Set up SAST, DAST, and laC scanning tools to run automatically during
the CI/CD process.

o Python Workflow Example:

import subprocess
import os

def run_security_tests():
# Run SAST (Static Application Security Testing)
subprocess.run(["bandit", "-r", "./your_project_directory"])

# Run DAST (Dynamic Application Security Testing)

# Assuming DAST tool is configured and accessible
subprocess.run(["dast_tool", "start", "--url", "http://yourapp.com"])
# Run IaC (Infrastructure as Code) Scanning

# Assuming IaC scanning tool is installed and configured

subprocess.run(["iac_scanner", "scan", "./your_infrastructure_code"])

if _npame_ == '_main_ ':
run_security tests()

» Tools:
o Bandit: A tool for finding common security issues in Python code (SAST).

o DAST Tool: Tools like OWASP ZAP, which can perform automated scans
against a deployed application (DAST).
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o laC Scanner: Tools like Checkov or Terrascan for scanning Infrastructure as
Code.

2. Fail Builds with High-Risk Security Findings

¢ Task: Configure the CI/CD pipeline to fail the build if critical security issues are
identified.

o Python Workflow Example:

import json

def check_security_report():
with open('security_report.json') as report_file:
report = json.load(report_file)

high_risk_issues = [issue for issue in report['issues'] if issue['severity']
== 'HIGH']
if high_risk_issues:
print("High-risk security issues found. Failing the build.")
exit(1) # Exit with error status

if __npame_ == '__main__ ':
check_security_report()

o Integration Point: This script should be integrated into the CI/CD pipeline (e.g.,
Jenkins, GitLab CI) to be triggered after the security testing tools have run.

Implementing the Pipeline

1. Set Up and Configure Tools: Install Bandit, a suitable DAST tool, and an laC
scanner in the CI/CD environment.

2. Integrate with CI/ICD: Embed the security testing scripts into the CI/CD pipeline,
ensuring they are executed in each build.

3. Review and Adjust: Regularly review the security tests and update them based on
evolving security standards and project requirements.

Secure Development Training
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Implementing secure development training involves educating developers about secure
coding practices and raising awareness about security issues and best practices. While
the core of this process is more educational and less technical, Python can still play a
role, particularly in automating training schedules, tracking progress, and providing

practical coding challenges. Here's an example workflow using Python and open-source

tools:

Secure Development Training Workflow
1. Provide Developers with Training on Secure Coding Practices

e Task: Schedule and manage secure coding training sessions for developers.

» Python Workflow Example:

import schedule
import time

def schedule_training():

# Function to send training reminders or materials
print("Reminder: Secure coding training session tomorrow at 10 AM.")

# Schedule a regular reminder for training
schedule.every().monday.at("09:00").do(schedule_training)

while True:
schedule.run_pending()
time.sleep(1)

e Tools:

o Schedule: A Python library to run Python functions (or any other callable)
periodically at pre-determined intervals using a simple, human-friendly
syntax.

2. Promote Awareness of Security Issues and Best Practices

o Task: Regularly update the team with the latest security news, vulnerabilities,
and best practices.

e Python Workflow Example:
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import feedparser

def fetch_security _news():
# Fetch the latest security news from an RSS feed
rss_url = "https://securitynewsrssfeed.com"

feed = feedparser.parse(rss_url)

for post in feed.entries:
print(post.title, post.link)

if __pname__ == '__main__':
fetch_security_news()

e Tools:

o feedparser: A Python library to parse RSS/Atom feeds.

Implementing the Pipeline

1. Set Up and Configure Tools: Install the necessary Python libraries ( scheduile ,

feedparser).

2. Automate Training Reminders: Use the schedule library to send out regular
reminders for upcoming training sessions.

3. Disseminate Security News: Utilize feedparser to fetch and share the latest
security news and best practices with the development team.

Automated Compliance Reporting

Creating an automated compliance reporting workflow is essential for organizations to
meet regulatory requirements efficiently. This process typically involves gathering data
from various sources, analyzing it against compliance standards, and generating
reports. Python can be used to automate and streamline these tasks. Here's an
example workflow using Python and open-source tools:

Automated Compliance Reporting Workflow

1. Gather Data for Compliance Reporting

o Task: Collect necessary data from different systems and services.
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e Python Workflow Example:

import requests
import json

def fetch_system_data(api_url):
# Fetch data from a given system API
response = requests.get(api_url)
if response.status_code == 200:
return response.json()
else:
return None

# Example: Fetch data from various systems
system_1 data = fetch_system_data("http://api.systeml.com/data")

system_2_data = fetch_system_data("http://api.system2.com/data")
# More systems can be added as needed

e Tools:

o Requests: A simple HTTP library for Python, used for making HTTP
requests to various APIs.

2. Analyze Data Against Compliance Standards
o Task: Process the collected data to verify compliance with regulatory standards.

» Python Workflow Example:

def analyze compliance(data, compliance_standards):
compliance_report = {}
for standard in compliance_standards:
compliance_report[standard] = data.get(standard, "Not Compliant")
return compliance_report

# Example: Analyze data for specific compliance standards
compliance_standards = ['standardl',6 'standard2']

report_1 = analyze compliance(system_1 data, compliance_standards)
report_2 = analyze compliance(system_2_ data, compliance_standards)

e Tools:
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o Custom Python functions/scripts to analyze data according to predefined
standards.

3. Generate Compliance Reports
o Task: Create and distribute compliance reports based on the analysis.

o Python Workflow Example:

import pandas as pd

def generate_report(data, report_name):
df = pd.DataFrame(data)
df.to_csv(f"{report_name}.csv'")

# Generate reports for each system

generate_report(report_1, "System_1 Compliance_Report")
generate_report(report_2, "System_2_ Compliance_Report")

e Tools:

o Pandas: A data manipulation and analysis library for Python, useful for
creating dataframes and exporting them to different file formats like CSV.

Container Orchestration Security

Securing a container orchestration platform, such as Kubernetes, involves implementing
and enforcing security best practices like network policies, Pod Security Policies
(PSPs), and Role-Based Access Control (RBAC). Python can be utilized to automate
and manage these security aspects. Below is an example workflow using Python and
open-source tools:

Container Orchestration Security Workflow

1. Secure Container Orchestration Platforms (Kubernetes)
o Task: Apply security configurations to Kubernetes clusters.

e Python Workflow Example:
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from kubernetes import client, config

# Configure the Kubernetes client
config.load_kube_config()

# Define a network policy
network_policy = {
"apiVersion": "networking.k8s.io/v1",
"kind": "NetworkPolicy",
"metadata": {"name": "example-network-policy"},
"spec": {
"podSelector": {"matchLabels": {"role": "db"}},
"policyTypes": ["Ingress"],
"ingress": [{"from": [{"podSelector": {"matchLabels": {"role": "fronten
d"}331}]
}

# Create the network policy in a specific namespace

api_instance = client.NetworkingV1Api()
api_instance.create_namespaced_network_policy(namespace="default", body=network_p
olicy)

e Tools:
o Kubernetes Python Client: A Python client library for Kubernetes.
2. Implement Network Policies, Pod Security Policies, and RBAC
o Task: Automate the creation and management of Kubernetes security policies.

» Python Workflow Example:

# Create a Pod Security Policy
psp = {
"apiVersion": "policy/vilbetal",
"kind": "PodSecurityPolicy",
"metadata": {"name": "example-psp"},
"spec": {
"privileged": False,
"seLinux": {"rule": "RunAsAny"},
"supplementalGroups": {"rule": "RunAsAny"},
"runAsUser": {"rule": "RunAsAny"},
"fsGroup": {"rule": "RunAsAny"},
"volumes": ["*"]
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api_instance = client.PolicyVlbetalApi()
api_instance.create_pod_security_policy(body=psp)

# Define an RBAC Role

role = {

"apiVersion": "rbac.authorization.k8s.io/v1",

"kind": "Role",

"metadata": {"namespace": "default", "name": "example-role"},

"rules": [{"apiGroups": [""], "resources": ["pods"], "verbs": ["get", "watc
h', "list"]1}]
1

api_instance = client.RbacAuthorizationV1Api()
api_instance.create_namespaced_role(namespace="default", body=role)

e Tools:

o Kubernetes Python Client: As above, for managing Kubernetes resources.

Implementing the Pipeline

1. Set Up and Configure Tools: Install the Kubernetes Python client ( pip instail

kubernetes).

2. Apply Security Configurations: Use the Python client to create and apply network
policies, pod security policies, and RBAC configurations to your Kubernetes
clusters.

3. Regular Updates and Audits: Continuously review and update your security
configurations to adapt to new threats and compliance requirements.

Zero Trust Network Workflow

Implementing a Zero Trust Network architecture involves a shift from traditional network
security models to a framework where every user and device is verified before
accessing network resources, regardless of their location. Python can be utilized to
automate various aspects of this implementation. Here's an example workflow using
Python and open-source tools:

Zero Trust Network Workflow
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1. Implement a Zero-Trust Network Architecture

e Task: Set up network configurations and policies that align with Zero Trust
principles.

o Python Workflow Example:

import requests

def update_network_policy(policy_data):
# API call to update network policy
api_url = "https://network-management-system/api/updatePolicy"
response = requests.post(api_url, json=policy_data)
return response.status_code

# Define a Zero Trust network policy
zero_trust_policy = {

"policyName": "ZeroTrustPolicy",
"accessRules": [
{"source": "any", "destination": "any", "action": "deny"},

# Add more rules as required

# Update the network policy
update_status = update_network _policy(zero_trust_policy)
if update_status == 200:
print("Network policy updated successfully.")
else:
print("Failed to update network policy.")

e Tools:
o Requests: A Python library for making HTTP requests to REST APIs.

o Network Management System API: An example API endpoint for a
network management system (real tool/API would depend on your network
infrastructure).

2. Verify Every User and Device Trying to Access Resources
o Task: Ensure authentication and verification for all users and devices.

e Python Workflow Example:
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from flask import Flask, request, jsonify
from itsdangerous import TimedJSONWebSignatureSerializer as Serializer

app = Flask(__name_ )
app.config[ 'SECRET_KEY'] = 'your_secret_key'

# Function to verify tokens (representing users/devices)
def verify token(token):
s = Serializer(app.config['SECRET_KEY'])
try:
data = s.loads(token)
except:
return False
return data

@app.route('/verify_access', methods=['POST'])
def verify_access():

token = request.json.get('token')

if verify_token(token):

return jsonify({"message": "Access granted"}), 200
else:
return jsonify({"message": "Access denied"}), 401
if __pame__ == '__main__ ':
app.run()

1. Tools:Flask: A micro web framework for Python to create a simple verification
service.

2. itsdangerous: A Python library to securely sign data (like access tokens).

Bastion Host Workflow

A Bastion Host workflow involves setting up a secure, controlled point of access to
internal servers and resources, often used in network security to manage the risk of
external attacks and unauthorized access. This setup includes monitoring and auditing
all access through the bastion host. Python can be used to automate and manage
aspects of this workflow, including access control, monitoring, and auditing. Here’s an
example workflow using Python and open-source tools:

Bastion Host Workflow

1. Control Access to Critical Systems through a Secure Bastion Host
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o Task: Set up a bastion host to act as a gateway for accessing internal systems,
ensuring that all traffic passes through this controlled point.

o Python Workflow Example:

import paramiko

def create_ssh_session(host, username, key):
# Establish an SSH session with the Bastion Host
ssh_client = paramiko.SSHClient()
ssh_client.set_missing_host_key_policy(paramiko.AutoAddPolicy())
ssh_client.connect(hostname=host, username=username, key_ filename=key)
return ssh_client

# Use this session to execute commands or establish further connections
bastion_host = 'bastion.example.com'

user = 'admin'

ssh_key = '/path/to/private/key’

session = create_ssh_session(bastion_host, user, ssh_key)

# Execute command on the Bastion Host

stdin, stdout, stderr = session.exec_command('ls -1')
print(stdout.read())

e Tools:

o Paramiko: A Python library for making SSH2 protocol connections, which
can be used to interact with the bastion host.

2. Monitor and Audit All Access

o Task: Keep track of all activities and access through the bastion host.

e Python Workflow Example:

import logging

logging.basicConfig(filename="'bastion_access.log', level=logging.INFO, format='%
(asctime)s - %(message)s')

def log_access(user, command):
# Log each command executed through the Bastion Host
logging.info(f"User: {user}, Command: {command}")
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# Example usage
log_access(user, 'ls -1"')

e Tools:

o Logging: Python's built-in logging module to record all activities.

Implementing the Pipeline

1. Set Up and Configure Tools: Install Paramiko ( pip install paramike ) and set up
logging.

2. Access Control: Use Paramiko to establish SSH connections to the bastion host,
through which all internal access is routed.

3. Monitoring and Auditing: Implement logging for each action performed through the
bastion host, ensuring a comprehensive audit trail.

API Security Pipeline

Securing APIs involves implementing measures such as authentication, authorization,
and input validation. Additionally, using APl gateways for monitoring and protection is
crucial. Python can be utilized to automate aspects of API security, such as validating
requests and integrating with API gateways. Here's an example workflow using Python
and open-source tools:

API Security Pipeline
1. Secure APIs with Authentication, Authorization, and Input Validation
¢ Task: Implement security measures in your API endpoints.

e Python Workflow Example:

from flask import Flask, request, jsonify
from flask_httpauth import HTTPTokenAuth
from marshmallow import Schema, fields, ValidationError

app = Flask(__name_ )
auth = HTTPTokenAuth(scheme='Bearer')

DevSecOps Pipelines 43

https://t.me/learningnets



# Mock function to verify token
def verify_token(token):
return token == "valid-token"

@auth.verify_token
def verify_token(token):
return verify_token(token)

# Input validation schema

class RequestSchema(Schema):
id = fields.Int(required=True)
name = fields.Str(required=True)

@app.route('/api/resource', methods=['POST'])
@auth.login_required
def api_resource():
schema = RequestSchema()
try:
result = schema.load(request.json)
except ValidationError as err:
return jsonify(err.messages), 400

# Process valid request
return jsonify(result)

if _ _name__ == '__main__"':
app.run()

e Tools:
o Flask: A lightweight WSGI web application framework.

o Flask-HTTPAuth: An extension for Flask that simplifies the use of HTTP
authentication.

o Marshmallow: A library for object serialization and deserialization, useful
for input validation.

2. Use API Gateways for Monitoring and Protection

¢ Task: Integrate with an API gateway to manage, monitor, and protect your APIs.

o Python Workflow Example:

import requests
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# Example function to send logs to an API Gateway

def send_log_to_gateway(log_data):
gateway_api_url = 'https://api-gateway.example.com/logs'
response = requests.post(gateway_api url, json=log_data)
return response.status_code

# Use this function to log API requests/responses
send_log_to_gateway({'message': 'API request received', 'details': '...'})

e Tools:

o Requests: A Python HTTP library for making HTTP requests.

Implementing the Pipeline

1. Set Up and Configure Tools: Install the necessary Python libraries ( f1ask ,

flask_httpauth , marshmallow , requests )

2. Secure Your APIs: Implement authentication, authorization, and input validation
within your Flask application.

3. Integrate with API Gateway: Use Python scripts to send logs and data to your API
gateway for monitoring and additional protection.

Code Signhing Workflow

A code signing workflow involves digitally signing code and software components to
confirm their integrity and authenticity, followed by verifying these signatures before
execution to ensure security. Python can be used to automate parts of this process,
particularly in scripting the signing and verification steps. Below is an example workflow
using Python and open-source tools:

Code Sighing Workflow
1. Sigh Code and Software Components
o Task: Automatically sign code using digital certificates to ensure integrity.

o Python Workflow Example:
import subprocess
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def sign_code(file_path, cert_path, key path):

# Command to sign code using OpenSSL

cmd = f"openssl dgst -sha256 -sign {key_path} -out {file_path}.sig {file_pat
h}ll

subprocess.run(cmd, shell=True)

# Optionally, you can also embed the certificate into the signature file
cmd = f"cat {cert_path} >> {file_path}.sig"
subprocess.run(cmd, shell=True)

print(f"Signed {file_path}")

# Example usage
sign_code("path/to/code/file", "path/to/certificate.pem", "path/to/private/key.pe
mll)

e Tools:

o OpenSSL: A robust, full-featured open-source toolkit implementing the
Secure Sockets Layer (SSL) and Transport Layer Security (TLS) protocols.

2. Verify Code Signatures Before Execution

o Task: Check the digital signatures of code before execution to confirm
authenticity.

o Python Workflow Example:

def verify_signature(file_path, signature_path, cert_path):

# Command to verify signature using OpenSSL

cmd = f"openssl dgst -sha256 -verify {cert_path} -signature {signature_path}
{file_path}"

result = subprocess.run(cmd, shell=True, capture_output=True)

if result.returncode == 0:
print(f"Verification successful for {file_path}")
return True

else:
print(f"Verification failed for {file_path}")
return False

# Example usage
verify_signature("path/to/code/file", "path/to/code/file.sig", "path/to/certifica
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te.pem")

e Tools:

o OpenSSL: As above, for verifying digital signatures.

Security Testing Automation

Automating security testing is crucial for ensuring consistent and regular security
assessments throughout the software development lifecycle. This involves scheduling
and executing various security tests automatically. Python can be used to script these
processes and integrate them into your development workflows. Here's an example
workflow using Python and open-source tools:

Security Testing Automation Workflow

1. Automate the Scheduling and Execution of Security Tests

o Task: Set up automated security tests to run at regular intervals or specific
stages of the development process.

o Python Workflow Example:

import schedule
import time
import subprocess

def run_security_tests():
# Example: Running a static analysis tool
print("Running static analysis...")
subprocess.run(["bandit", "-r", "./your_project_directory"])

# Example: Running a dynamic analysis tool
print("Running dynamic analysis...")
subprocess.run(["zap-cli", "quick-scan", "http://yourapp.com"])

# Schedule the security tests to run every week
schedule.every().monday.do(run_security_tests)

while True:
schedule.run_pending()

DevSecOps Pipelines 47

https://t.me/learningnets



time.sleep(1)

e Tools:

o Schedule: A Python library to run Python functions (or any other callable)
periodically at pre-determined intervals.

o Bandit: A tool for finding common security issues in Python code (static
analysis).

o OWASP ZAP: An open-source dynamic application security testing tool.
2. Ensure Regular Security Assessments Throughout the Development Lifecycle
o Task: Integrate automated security testing into your CI/CD pipeline.

e Python Workflow Example:

import subprocess

def ci_cd_integration():
# Trigger security tests as part of the CI/CD process
print("Integrating security tests into CI/CD pipeline...")

subprocess.run(["bandit", "-r", "./your_project_directory"])
subprocess.run(["zap-cli", "quick-scan", "http://yourapp.com"])

# This function can be called as part of CI/CD scripts
ci_cd_integration()

e Tools:

o Bandit and OWASP ZAP: As above, for automated security testing.

Implementing the Pipeline

1. Set Up and Configure Tools: Install Python libraries ( schedule ), Bandit, and
OWASP ZAP.

2. Automated Security Tests: Use Python scripts to automate the running of Bandit
and OWASP ZAP, either on a schedule or as part of your CI/CD pipeline.
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3. CIICD Integration: Integrate these security testing scripts into your CI/CD pipeline
to ensure they are executed during the build and deployment processes.

Security as Code (SaC) Workflow

Implementing Security as Code (SaC) involves defining security policies and
configurations in a codified manner and then applying these policies automatically to
your infrastructure and applications. This approach enables consistent security practices
and makes it easier to manage and audit security across your systems. Python can be
used to automate and integrate these processes. Here's an example workflow using
Python and open-source tools:

Security as Code (SaC) Workflow
1. Write Security Policies and Configurations as Code

o Task: Define security policies in a codified format that can be version-controlled
and automatically applied.

e Python Workflow Example:

import yaml

def create_security_policy(policy_name, policy_rules):
policy = {
'policy_name': policy_name,
'rules': policy_rules
}
with open(f'{policy_name}.yaml', 'w') as file:
yaml.dump(policy, file)

# Example usage: Creating a simple security policy

create_security_policy('web_server_security', {'firewall_rules': ['allow http',
'allow https'], 'access_control': ['ssh-key-only']})

e Tools:

o PyYAML: A Python library to parse and produce YAML files, which can be
used to define security policies.
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2. Apply These Policies Automatically to Infrastructure and Applications

o Task: Automate the application of these security policies to your infrastructure
and applications.

o Python Workflow Example:

import subprocess

def apply_policy(policy_file):
# Example: Using Ansible for policy application
playbook = f"ansible-playbook {policy_file}.yml"
subprocess.run(playbook, shell=True)

# Example usage: Applying a defined security policy
apply policy('web_server_security')

e Tools:

o Ansible: An open-source tool for software provisioning, configuration
management, and application deployment.

Implementing the Pipeline

1. Set Up and Configure Tools: Install necessary Python libraries ( pyvanL ,
subprocess ) and Ansible.

2. Codify Security Policies: Use Python scripts with PyYAML to define your security
policies in YAML format, making them easy to version control and review.

3. Automate Policy Application: Integrate these policies into your deployment
processes using Ansible, applying them automatically to your servers, applications,
or other infrastructure.

Continuous Threat Modeling

Continuous threat modeling is an essential practice in cybersecurity, involving the
regular assessment of risks and vulnerabilities as they evolve over time. The objective is
to identify new threats as they emerge and adjust security measures accordingly.
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Python can be used to automate parts of this process, such as data collection, analysis,
and reporting. Here's an example workflow using Python and open-source tools:

Continuous Threat Modeling Workflow
1. Perform Ongoing Threat Modeling

o Task: Regularly gather data from various sources to identify new risks and
vulnerabilities.

e Python Workflow Example:

import feedparser

def fetch_latest_threat_intelligence(feed_url):
# Fetch the latest threat intelligence from an RSS feed
feed = feedparser.parse(feed_url)
for post in feed.entries:
print(f"Title: {post.title}, Link: {post.link}")

# Example RSS feed URL from a threat intelligence source

threat_intel_feed = "https://threat-intelligence-feed-url.com/rss"
fetch_latest_threat_intelligence(threat_intel_feed)

e Tools:

o feedparser: A Python library to parse RSS/Atom feeds, useful for
automated threat intelligence gathering.

2. Adjust Security Measures Accordingly

e Task: Analyze the gathered data and update security policies or configurations
as needed.

» Python Workflow Example:

import yaml
import subprocess

def update_security policy(policy file, new_rules):
with open(policy file, 'r') as file:
policy = yaml.safe_load(file)
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policy['rules'].update(new_rules)

with open(policy_file, 'w') as file:
yaml.dump(policy, file)

# Apply the updated policy using a configuration management tool like Ansible
subprocess.run(f"ansible-playbook {policy_ file}", shell=True)

# Example usage: Updating a security policy with new rules

new_rules = {'firewall rules': ['block incoming from suspicious_ip']}
update_security_policy('security_policy.yaml', new_rules)

e Tools:
o PyYAML: A Python library to parse and produce YAML files.

o Ansible: An open-source tool for software provisioning, configuration
management, and application deployment.

Implementing the Pipeline

1. Set Up and Configure Tools: Install necessary Python libraries ( feedparser ,
PyYAML , subprocess ) and Ansible.

2. Automated Threat Intelligence Gathering: Use Python scripts with feedparser to
regularly fetch the latest threat intelligence from various sources.

3. Analyze and Update Security Policies: Analyze the gathered data to identify new
threats and vulnerabilities, and use Python scripts to update your security policies or
configurations accordingly.

Cloud Security Posture Management
(CSPM)

Cloud Security Posture Management (CSPM) is essential for maintaining the security of
cloud infrastructure. It involves continuous monitoring for security misconfigurations and
prompt remediation of any identified issues. Python can be effectively used to automate
the monitoring and remediation processes, integrating with various cloud services and
security tools. Here’s an example workflow using Python and open-source tools:
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CSPM Workflow
1. Continuously Monitor Cloud Infrastructure for Security Misconfigurations

e Task: Set up automated scanning of cloud infrastructure to detect security
misconfigurations.

o Python Workflow Example:

import boto3
from botocore.exceptions import NoCredentialsError

def scan_aws_security_group():
# Connect to AWS
try:
ec2 = boto3.client('ec2')
except NoCredentialsError:
print ("AWS credentials not found")
return

# Check for unsecured Security Groups
response = ec2.describe_security_groups()
for group in response['SecurityGroups']:
for perm in group['IpPermissions']:
if '0.0.0.0/0' in str(perm['IpRanges']):
print(f"Unsecured Security Group found: {group['GroupId']}")

scan_aws_security group()

e Tools:

o Boto3: The AWS SDK for Python, used for interfacing with Amazon Web
Services.

2. Remediate Misconfigurations Promptly

o Task: Automatically adjust configurations to resolve detected security issues.

e Python Workflow Example:

def remediate_unsecured_security_group(group_id):
try:
ec2 = boto3.client('ec2')
response = ec2.revoke_security_group_ingress(
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GroupId=group_id,
IpPermissions=[
{'IpProtocol': '-1', 'IpRanges': [{'CidrIp': '0.0.0.0/0'}]}

1
)
print(f"Remediated Security Group: {group_id}")
except NoCredentialsError:
print ("AWS credentials not found")

# Example usage: Remediate a specific unsecured Security Group

unsecured_group_id = 'sg-12345'
remediate_unsecured_security_group(unsecured_group_id)

e Tools:

o Boto3: As above.

Implementing the Pipeline

1. Set Up and Configure Tools: Install Boto3 ( pip install hotoz ) and configure AWS
credentials.

2. Automated Monitoring: Use Python scripts with Boto3 to continuously scan your
AWS environment for security misconfigurations, such as unsecured security

groups.

3. Automated Remediation: Implement scripts to automatically remediate identified
misconfigurations.

Web Application Firewall (WAF) Pipeline

Implementing a Web Application Firewall (WAF) pipeline is essential for protecting web
applications from various online threats. This pipeline typically involves deploying WAF
rules, monitoring their effectiveness, and updating them in response to emerging
threats. Python can be a valuable tool in automating aspects of this process, particularly
in managing WAF configurations and analyzing security logs. Here's an example
workflow using Python and open-source tools:

Web Application Firewall (WAF) Pipeline
1. Deploy and Manage WAF Rules
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e Task: Set up and configure WAF rules to protect web applications.

e Python Workflow Example:

import requests

def update_waf_rules(waf_api_url, api_key, new_rules):
# Update WAF configuration with new rules
headers = {'X-API-Key': api_key}
response = requests.post(waf_api_url, headers=headers, json=new_rules)
if response.status_code == 200:
print ("WAF rules updated successfully")
else:
print("Failed to update WAF rules")

# Example usage

waf_api_url = 'https://api.yourwafprovider.com/rules'

api_key = 'your-waf-api-key'

new_rules = {'rules': [{'action': 'block', 'condition': 'SQL injection detecte
d'}1}

update_waf_rules(waf_api_url, api_key, new_rules)

e Tools:

o Requests: A Python HTTP library for making HTTP requests, useful for
interacting with WAF APIs.

2. Monitor and Update Rules Based on Emerging Threats

o Task: Analyze security logs and adapt WAF configurations to respond to new
threats.

o Python Workflow Example:

import json

def analyze logs_and_update_rules(log_file, waf_api_url, api_key):
# Analyze WAF logs to identify emerging threats
with open(log_file, 'r') as file:
logs = json.load(file)

# Logic to identify new threats (e.g., new types of SQL injection attacks)
# ...
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# Update WAF rules based on the analysis
new_rules = {'rules': [{'action': 'block', 'condition': 'New SQL injection pa
ttern'}]}
update_waf_rules(waf_api_url, api_key, new_rules)
# Example usage
log_file = 'waf_logs.json'
analyze_logs_and_update_rules(log_file, waf_api_url, api_key)

e Tools:

o Python Standard Library: For file handling and basic data processing.

Implementing the Pipeline

1. Set Up and Configure Tools: Install the necessary Python libraries (e.g., requests ).

2. Automated WAF Rule Management: Use Python scripts to interact with your
WAF’s API to deploy and update rules.

3. Log Analysis and Rule Updates: Implement log analysis scripts to identify
emerging threats and automatically update WAF rules in response.

DevSecOps Metrics and Dashboards

Implementing DevSecOps metrics and dashboards involves collecting security-related
metrics from various sources and displaying them in an accessible and meaningful way.
This process helps in tracking the effectiveness of security efforts. Python can be used
to automate the collection and aggregation of these metrics, as well as to integrate with
dashboarding tools. Here's an example workflow using Python and open-source tools:

DevSecOps Metrics and Dashboards Workflow
1. Collect Security-Related Metrics

o Task: Automate the collection of security metrics from various tools and
systems.

e Python Workflow Example:

import requests
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def fetch_security metrics(api_url, api_key):
headers = {'Authorization': f'Bearer {api_key}'}
response = requests.get(api_url, headers=headers)
if response.status_code == 200:
return response.json()
else:
print("Failed to fetch metrics")
return {}

# Example usage: Fetch metrics from a security tool's API
security_tool_api = 'https://api.securitytool.com/metrics'

api_key = 'your-api-key'
metrics = fetch_security metrics(security_tool_api, api_key)

e Tools:
o Requests: A Python HTTP library for making HTTP requests.
2. Use Dashboards to Track the Effectiveness of Security Efforts

o Task: Display the collected metrics in a dashboard for easy visualization and
tracking.

e Python Workflow Example:

from grafana_api.grafana_face import GrafanaFace

def create_dashboard(grafana_url, api_key, dashboard_data):
grafana = GrafanaFace(auth=api_key, host=grafana_url)
response = grafana.dashboard.update_dashboard(dashboard={"'dashboard': dashboa

rd_data})
if response['status'] == 'success':
print("Dashboard created successfully")
else:

print("Failed to create dashboard")

# Example: Define a simple dashboard layout
dashboard_data = {

'title': 'Security Metrics',
'panels': [
# Define panels (e.g., graphs, tables) based on the collected metrics
1
}
grafana_url = 'http://your-grafana-instance'
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create_dashboard(grafana_url, api_key, dashboard_data)

e Tools:

o Grafana API Client: A Python client for interacting with Grafana's API to
create and manage dashboards.

Implementing the Pipeline

1. Set Up and Configure Tools: Install necessary Python libraries ( requests ,

grafana api).

2. Automated Metric Collection: Use Python scripts to fetch metrics from various
security tools and systems.

3. Dashboard Creation and Management: Utilize the Grafana API client to create
and update dashboards that display the collected security metrics.

Security Testing in Staging and Production

Conducting security testing in staging and production environments is crucial to catch
issues that might not appear in development or earlier stages. This includes a range of
tests like vulnerability assessments, penetration testing, and runtime security
monitoring. Python can be instrumental in automating and orchestrating these tests.
Here’s an example workflow using Python and open-source tools:

Security Testing in Staging and Production Workflow
1. Perform Security Tests in Staging Environment
o Task: Automate the execution of security tests in the staging environment.

o Python Workflow Example:

import subprocess

def run_vulnerability scan(url):
# Example: Running OWASP ZAP for vulnerability scanning
print(f"Starting OWASP ZAP scan on {url}")
subprocess.run(["zap-cli", "quick-scan", url])
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# Example usage: Scanning the staging environment
staging_url = 'http://staging.yourapp.com'
run_vulnerability scan(staging_url)

e Tools:

o OWASP ZAP: An open-source dynamic application security testing tool.

2. Conduct Security Monitoring in Production Environment

e Task: Continuously monitor the production environment for security anomalies.

» Python Workflow Example:

import requests

def monitor_production_logs(log_api url, api_key):
# Example: Fetching and analyzing security logs from a log management tool
headers = {'Authorization': f'Bearer {api_key}'}

response = requests.get(log_api_url, headers=headers)
if response.status_code == 200:
logs = response.json()
# Add logic to analyze logs for security anomalies
# ...
else:

print("Failed to fetch production logs")
# Example usage: Monitor logs in the production environment
log_api_url = 'https://api.logmanagementtool.com/production/logs'
api_key = 'your-production-api-key'
monitor_production_logs(log_api_url, api_key)

e Tools:

o Requests: A Python HTTP library for making HTTP requests to REST APIs.

Implementing the Pipeline

1. Set Up and Configure Tools: Install OWASP ZAP and necessary Python libraries
( subprocess for running SCans, requests for fetching |OgS).
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2. Automated Security Testing in Staging: Use Python scripts to run automated
vulnerability scans against your staging environment using tools like OWASP ZAP.

3. Continuous Security Monitoring in Production: Implement scripts to
continuously fetch and analyze security logs from production, looking for anomalies
or signs of security incidents.

Immutable Infrastructure Pipeline

Implementing an immutable infrastructure pipeline involves building and deploying
infrastructure components that are replaced rather than modified or patched. This
approach minimizes security risks by reducing inconsistencies and configuration drift.
Python can be used to automate the creation, deployment, and replacement of these
immutable components. Here's an example workflow using Python and open-source
tools:

Immutable Infrastructure Pipeline

1. Build Immutable Infrastructure Components

o Task: Automate the creation of pre-configured, hardened infrastructure
components (like Docker containers or VM images).

o Python Workflow Example:

import docker

def build_docker_image(image_name, dockerfile_path):
client = docker.from_env()
print(f"Building Docker image: {image_name}")

client.images.build(path=dockerfile_path, tag=image_name)

# Example usage: Building a Docker image
build docker_image("myapp:latest", "./path/to/Dockerfile")

e Tools:
o Docker SDK for Python: A Python library to interact with Docker.

2. Deploy Immutable Infrastructure
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¢ Task: Automate the deployment of immutable components to the cloud or other
environments.

o Python Workflow Example:

import boto3

def deploy_ecs_task(ecs_client, task_definition, cluster_name):
response = ecs_client.run_task(
cluster=cluster_name,
taskDefinition=task_definition

)
print(f"Deployed task in ECS: {response['tasks'][0]['taskArn']}")

# Example usage: Deploying a task in AWS ECS
ecs_client = boto3.client('ecs')
deploy_ecs_task(ecs_client, "myapp-task:latest", "my-cluster")

e Tools:

o Boto3: The AWS SDK for Python, used for deploying to AWS services like
ECS.

3. Replace Instances Instead of Patching

o Task: Automate the replacement of infrastructure components instead of
applying in-place patches.

» Python Workflow Example:

def update_ecs_service(ecs_client, cluster_name, service_name, new_task_definitio
n):
ecs_client.update_service(
cluster=cluster_name,
service=service_name,
taskDefinition=new_task_definition
)
print(f"Updated service {service_name} with new task definition {new_task_def
inition}")

# Example usage: Updating an ECS service with a new task definition
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update_ecs_service(ecs_client, "my-cluster", "my-service", "myapp-task:v2")

e Tools:

o Boto3: As above, for managing AWS resources.

Implementing the Pipeline

1. Set Up and Configure Tools: Install Docker SDK for Python ( pip install docker ),
Boto3 (pip install botoz ), and configure necessary access credentials.

2. Automated Building of Immutable Components: Use Python scripts to build
Docker images or similar immutable components.

3. Automated Deployment and Replacement: Implement scripts to deploy these
components to your infrastructure and replace them with updated versions as
needed.

Appendix: Understanding and Implementing
Semgrep in Your DevSecOps Pipeline

Top 10 rules in Semgrep for Shuffle, SAST, and dependency checking tools, you need to
write a YAML file for each rule. These rules are designed to identify common security
issues and coding mistakes. After defining the rules, you can integrate them into your
development pipeline for automated code analysis. Below are examples of 10 separate
YAML files, each containing a specific Semgrep rule:

Semgrep Rule YAML Files

1. hardcoded-credential.yaml

rules:
- id: hardcoded-credential
patterns:
- pattern: $PASSWORD = "..."
message: "Hardcoded credentials detected"
languages: [python, javascript, go, java]
severity: ERROR
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2. sql-injection.yaml

rules:
- id: sqgl-injection
patterns:

- pattern: $QUERY
message: "Potential
languages: [python,
severity: WARNING

3. xss-vulnerability.yaml

rules:

= "SELECT * FROM users WHERE user = '" + $USER + "'"
SQL injection vulnerability"
javascript, java]

- id: xss-vulnerability

patterns:

- pattern: document.write($INPUT)
message: "Potential XSS vulnerability detected"
languages: [javascript]

severity: WARNING

4. input-validation-missing.yaml

rules:

- id: input-validation-missing

patterns:

- pattern: $INPUT = request.getParameter(...)
message: "Input validation might be missing"
languages: [java, python, javascript]

severity: INFO

5. insecure-communication.yaml

rules:

- id: insecure-communication

patterns:

- pattern: http://$HOST/$PATH
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message: "Insecure communication protocol (HTTP) used"
languages: [python, javascript, java]
severity: ERROR

6. insecure-crypto.yaml

rules:
- id: insecure-crypto
patterns:

- pattern: Crypto.getInstance("DES")
message: "Insecure cryptographic algorithm (DES) detected"
languages: [java]
severity: ERROR

7. poor-error-handling.yaml

rules:
- id: poor-error-handling
patterns:

- pattern: try {...} catch (Exception e) {}
message: "Poor error handling detected"
languages: [java, python, javascript]
severity: WARNING

8. unauthorized-api-access.yaml

rules:
- id: unauthorized-api-access
patterns:
- pattern: $API.get(...)
message: "API access without proper authorization checks"
languages: [java, javascript, python]
severity: CRITICAL

9. outdated-dependency.yaml
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rules:
- id: outdated-dependency
patterns:
- pattern: package.json
message: "Outdated dependency detected in package.json"
languages: [javascript]
severity: INFO

10. hardcoded-ip-address.yaml

rules:
- id: hardcoded-ip-address
patterns:

- pattern: $IP = "192.168.0.1"
message: "Hardcoded IP address detected"
languages: [python, javascript, java]
severity: INFO

Appendix: Understanding and Implementing
Ansible in Your DevSecOps Pipeline

Ansible rules for Shuffle and SOAR (Security Orchestration, Automation, and Response)
tools involves defining specific tasks or playbooks in YAML format. These rules can
automate various security and administrative tasks, integrating seamlessly into security
workflows. Below are examples of top 10 Ansible rules, each in a separate YAML file,
tailored for a Shuffle and SOAR context.

Top 10 Ansible Rules in Separate YAML Files

1. Ensure Firewall is Enabled (ensure-firewall.yaml)

- name: Ensure Firewall is Enabled
hosts: all
tasks:
- name: Enable firewall
ansible.builtin.systemd:
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name: firewalld
state: started
enabled: yes

2. Update System Packages (update-system.yaml)

- name: Update System Packages
hosts: all
tasks:
- name: Update all packages to the latest version
ansible.builtin.apt:
update_cache: yes
upgrade: dist

3. Configure SSH Key Authentication (configure-ssh.yaml)

- name: Configure SSH Key Authentication
hosts: all
tasks:
- name: Set up SSH key authentication
ansible.builtin.authorized_key:
user: '{{ ansible_user }}'
state: present
key: '{{ lookup("file", "/home/{{ ansible_user }}/.ssh/id_rsa.pub") }}'

4. Create User Accounts (create-user.yaml)

- name: Create User Accounts
hosts: all
tasks:
- name: Create a new user
ansible.builtin.user:
name: new_user
group: sudo
shell: /bin/bash
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5. Disable Root Login (disable-root-login.yaml)

- name: Disable Root Login
hosts: all
tasks:
- name: Ensure root login is disabled
ansible.builtin.lineinfile:

path: /etc/ssh/sshd_config
regexp: 'APermitRootLogin'
line: 'PermitRootLogin no'

6. Set Up a Web Server (setup-webserver.yaml)

- name: Set Up a Web Server
hosts: webservers
tasks:
- name: Install Apache
ansible.builtin.apt:
name: apache2
state: present

7. Configure Network Time Protocol (ntp-config.yaml)

- name: Configure Network Time Protocol
hosts: all
tasks:
- name: Ensure NTP is installed and configured
ansible.builtin.apt:
name: ntp
state: present

8. Enforce Password Policies (password-policy.yaml)

- name: Enforce Password Policies
hosts: all
tasks:
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- name: Ensure password policies are enforced
ansible.builtin.lineinfile:
path: /etc/security/pwquality.conf
regexp: 'Aminlen'
line: 'minlen=12'

9. Install and Configure a Firewall (install-firewall.yaml)

- name: Install and Configure a Firewall
hosts: all
tasks:
- name: Install firewalld
ansible.builtin.apt:
name: firewalld
state: present

10. Backup Web Server Data (backup-webserver.yaml)

- name: Backup Web Server Data
hosts: webservers
tasks:
- name: Create a backup of webserver data
ansible.builtin.shell: tar czf /backup/webserver-$(date +%Y%m%d).tar.gz /var/ww
w/html

inj
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