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# Container Vulnerability Scanner
Enterprise System Design & Architecture Deep-Dive

Executive Overview

1.1 The Imperative for Container Security

Problem Landscape: Modern containerized applications face critical security challenges that

manual processes cannot address at scale.

Key Challenges:

Average container has 100-500 software packages with independent vulnerabilities

72% of critical CVEs weaponized within 30 days of disclosure

Manual reviews consume 15-25% of engineering capacity




Compliance frameworks (SOC2, HIPAA, GDPR) require continuous assessment

Problem Space
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1.2 Solution Architecture Philosophy

Four foundational principles guide the system design:

CI/CD Pipeline Security
Gates

Shift-left Integration

Proactive Defense

Pre-prod Scanning
Multi-tenancy Ready Container Security
Enterprise Scalability

10,000+ Container Support

Horizontal Scaling
Architecture

Architectural Foundations
2.1 System Design Principles

2.1.1 Cloud-Native Architecture Patterns

Continuous Monitoring

Real-time Intelligence

Automated Discovery

Threat Intelligence Feeds



Circuit Breaker

v

Prevents cascade failures

v

System Resilience

)

API . Database

Bulkhead

v

Resource isolation

v

Failure Containment

Design Patterns
Event Sourcing
. v .
Compliance reporting

Worker process pools Immutable audit trail

implepentation Benefits

‘Audit Compliance.

2.1.2 Twelve-Factor Application Compliance

Codebase

Dependencies

Config

s Backing Senvices

Twelve-Factor Complance

> Build, Release, Run
> Processes
> Port Binding

2.2 High-Level System Architecture

Concurrency

.

Readhwrite optimization

.

Performance

> Disposabilty

CQRS

Sidecar

v
1

v

Service mesh patterns

Dashboard vs. Scan
Monitoring integration

Implementation

> Single Git Reposiory

»  Docker Containerization

»  Kubemetes ConfigMaps

Extenal PosigreSQL

CICD Pipeline

Stateless Services

Port 800013000

Horizontal Scaling

Graceful Shutdown

KinD for Dev

separation
T
v
Observability
V

DeviProd Parity
+  Logs

> Admin Processes

Structured JSON Logs

> Kubecl/ArgoCD



Infrastructure Layer

Monitonng Stack

External Systems

Senvice Mesh Security Dashbaard ‘ ‘ Developar Warkstation CICO Pipeling ‘ Dacker Regstry
\‘* __,,'Pféemaﬁon Layer
MGINX Ingrass
— |
—l _____/
- “ REST API Documentatian ‘Weabsocket Stream ‘
l Application Leyer
‘Scan Orchestratar Repon Genaratar #Alen Enging ‘ Comgliance Enging
= =
I Semice Layer
.

7 ./"."/I . o l
2.3 Component Interaction Matrix

Scan Submission—s APl . DE . Worker

s Warker Palling

Result Storage Dashbaard Update

//
Client Request Rmesll‘ypw\musued(—n| API . DB |
o,

.

—
Reaktime Update——»  WebSocket Push

Communication Matrix

TCPNP o “

SCRAM-5HA-256 + S5L PostgreSQL

HTTPS

| Unix Socket—» Docker Daemon
IWT +TLS 1.3

_—

Frontend AP| Gateway

—
T—HrTPREST

mTLS Worker Nodes

Subprocess———  Trivy CLI

Manitori HTTR All Servi
lanitorin — — ervices
g Bearer Tokens




Core System Components

3.1 API Gateway Architecture

3.1.1 Request Processing Pipeline



Load Balancer

Rate Limiting
1000 reg/min/client

Request ID Generation
UUIDv4 + Correlation ID

CORS Handling
Configurable Origins

Request Logging
Structured JSON

Input Validation
Pydantic Models

J




i

Business Logic
Service Layer

Response Serialization

Selective Fields

Response Logging

Timing + Status

3.1.2 RESTful Endpoint Design

Scans Endpoint

\

POST /scans/ - Submit

R

API: /apilvl/

Stats Endpoint

B

Upload Endpoint

new scan

GET /scans/ - List all scans

Individual Scan: /scans/id}/

GET /stats/ - Get statistics

POST /upload/ - Upload file

—

I

GET /scans/{id}/ - Get

details

DELETE /scans/id}/ -
Delete scan

GET /scans/{id}/status/ -
Check status




3.2 Worker Service Architecture

3.2.1 Finite State Machine Design
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New scan request

PENDING

Worker acquires job

l

PULLING

I

docker pull

!

‘ Downloadlng

Atomic state transitions
Database transaction per
state
Audit logging for
compliance

Validate image

\ 2
Verifying

Success

N

Network failure

Retryl

i

Exponential backoff

Retry2

nle

Max retries exceeded

e

|

Image ready

y

SCANNING




!

Trivy setup

Initialize

Execute scan

Parse results 600s exceeded
Complete Hard timeout
Scan complete Pull failed
PARSING

I

Parse JSON report

|

‘ JSONParse J

Calculate risk scores

RiskCalc



{

Store results

DBStore

-

Create audit entry

AuditLog

Success

O

/ \

Results stored Parse error

y

‘ COMPLETED]

\

Scan complete

3.2.2 Trivy Integration Architecture

Scan failed

FAILED

Error state

\@/




Cache Optimization

H Dowmload DB: 3-5 min }—.{ Decompress + Index }—b{ Scan Execution }—v Store Results ‘
Cache Check: 24h TTL B s Reuse Cached DB Parallel Scanning: 30-60s Store Results
Delta CVEs Only

Scanning Strategy

. Package Analysis
B Y
Filesystem Scan RPMIDPKIAPK
. Dependency Files Vulnerability DB
Container Image  |———=<{_ 5can Type Dependency Scan ~ ———» e
g yp P g pom.xml/package.json 150MB CVE Data
Configuration Files
Config S
Ly = Dackerfile/.conf

3.3 Database Architecture

3.3.1 Schema Design Strategy



contains

VULNERABILITY_SCANS

uuid id PK
string image_name
string image_tag
string image_digest
enum status
timestamp | created_at
timestamp | started_at
timestamp | completed_at
integer critical_count
integer high_count
integer medium_count
integer low_count
decimal risk_score
decimal CVSS_score
boolean is_compliant
jsonb raw_report

text error_message
integer retry_count

VULNERABILITY_DETAILS

uuid

id

PK

uuid

scan_id

FK

0gs

SCAN_AUDIT_LOG




string cve_id uuid id PK
enum severity uuid scan_id FK
text description string old_status

decimal | cvss_score string new_status

string cvss_vector string changed_by

string package name text reason

string package_version timestamp | timestamp

string fixed_version

jsonb references

3.3.2 Indexing Strategy

scan_id, timestamp
Compliance reporting
Used by workers for job image_ntar‘r;e, tinl;a\EgSeetag,
i created_a
selisamE status, created_at -
idx_audit_scan_time

i ) Image history queries
idx_scans_status_created idx_scans_image_created

Performance Indexes

scan_id, severity,

Primary Keys i .
—_— idx_vuln_scan_severity cvss_score

Database Indexes
full-text search Vulnerability filtering

Specialized Indexes
GIST Indexes
similarity search

BRIN Indexes
GIN Indexes

time-series optimization URL searching

temporal queries

JSONB queries

3.3.3 Partitioning Architecture



Automated Management

Create Next Partition

R

Schedule: 25th of month

———» Apply Indexes

—

Update Constraints

Schedule: Daily ——{ Check Partition Health — Rebalance if needed

Schedule: Monthly }—P{ Archive Old Partitions —p S53/Glacier Storage

Time-based Partitioning

Partition: y2025m12
| aamm—
Dec 2025

Storage: Hot Tier

SSD, Fast Access

Partition: y2026m01
[
Jan 2026

Storage: Warm Tier
HDD, Normal Access

Partition: y2026m02
—
Feb 2026

Logical Table: )
Partition Key: created_at
vulnerability_scans

Storage: Cold Tier
Archival, Rare Access

———

Kubernetes Deployment Architecture

4.1 Cluster Design Philosophy
4.1.1 Multi-Zone High Availability

Retention: 30 days

Retention: 90 days

Retention: 365 days

4.1.2 Node Pool Strategy




"Node Pool Optimization Strategy"

High PerinMemory High PerinCompute
[ ]
DB
]
c o
®
£ AP
= @
9] Worker
o
Frorﬁend
Cost EfinCompute Cost EfinMemory
o

> Spot
(&}
c
Q
O
=
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O
O

Compute Intensity Memory Intensity

4.2 Resource Management Strategy

4.2.1 Quality of Service Tiers



QoS: BestEffort

No guarantees

QoS: Burstable

——

CPU: 2 limit, 500m request

Memory: 4Gi limit, 1Gi
request

CPU: 250m limit, 100m
request

Memory: 512Mi limit,
256Mi request

QoS: Guaranteed

e

CPU: 1 limit/request

Memory: 2Gi limit/request

CPU: 500m limit/request

Memory: 1Gi limit/request

4.2.2 Horizontal Pod Autoscaling




Low Traffic Period

Scale-Down Triggers

CPU < 30% for 5 minutes

Idle Workers

Pending Scans < 10 for 10

v

Scale to 3 replicas

minutes

Scale to 2 replicas

High Traffic Period

Scale-Up Triggers

API Latency > 500ms CPU > 70% for 60s

> Scale to 6 replicas

Queue Backlog Pending Scans > 50

> Scale to 8 replicas




HPA Configuration

CPU Utilization: 70%

Metrics R Memory Utilization: 80%

Custom: HTTP
requests/sec: 100

//——> Min Replicas: 2 ‘

Deployment: vulnscan-api }—»{ Scaling Rules

\——u Max Replicas: 10 ‘

Scale Up: Aggressive

100% increase per minute
— Behavior

Scale Down: Conservative
10% decrease per 5
minutes

4.3 Network Security Architecture

4.3.1 Zero-Trust Network Model



Application Zone (Trusted)

Frontend Service
Port 80

i

Internal API calls

API Gateway
Port 8000

/

Job dispatch Session Cache

l

Woarker Service
Dynamic Ports

Read/Write Response Cache

Read/Write
\ )
Data,Zone (Protected) \ ./
PostgreSQL REWS {53::;1&
Port 5432 ort

DMZ (Demilitarized Zone)

NGINX Ingress Controller ~ ——TLS Termination—  Weh Application Firewall ——Request Filtering—  Certificate Manager




F

Ports 80/443 only

-

Authenticated traffic only

-

Database access only

4.3.2 Network Policy Implementation




Database Rules

Allow Ingress: Port 5432
From: API + Workers

Deny Egress:

A

Worker Service Ru

les

Allow Ingress: Port 8080
From: AP| Gateway

Allow Egress: Unix Socket
To: Docker Daemon

Allow Egress: Port 443
To: External Registries

API Service Rule

S

Allow Ingress: Port 8000
From: Ingress Controller

Allow Egress: Port

To: PostgreSQL

5432

Allow Egress: Port 53
To: kube-dns

Default Deny Policy

Deny All Ingress

Deny All Egress




Security Architecture

5.1 Defense-in-Depth Strategy

Internet

Layer 1: Physical Security

Redundant Power
UPS + Generators

Environmental Controls
Fire/Flood Protection

Hardware Security Modules
Key Management

Data Center Security
Biometric Access

Layer 2: Infrastructure
Security

Compliance Monitoring
CIS Benchmarks

AWS GuardDuty
Threat Detection

VPC Flow Logs
Traffic Monitoring

Cloud Security Groups
Least Access

Layer 3: Network Security

DDoS Protection

Network Segmentation
VPC + Subnets

Firewall Rules
Security Groups

Web Application Firewall

OWASP Rules

AWS Shield

Layer 4: Kubernetes

RBAC Authorization
Least Privilege

Admission Controllers
Validation/Mutation

curity

etcd Encryption
At-rest Protection

API Server Security
TLS + Audit Logging

Layer 5: Runtime Security

Pod Security Policies

Network Policies

Resource Quotas

Security Context

Restricted Profile Zero-trust Model Prevent DoS RunAsNonRoot
Layer 6: Container Security
Non-root Execution Read-only Filesystems Capability Dropping Seccomp/AppArmor

User 1000

Except /tmp

No NET_ADMIN

Restricted Profiles

Layer 7: Application

Input Validation
Pydantic Models

Output Encoding
HTML/JS Sanitization

Secu

Session Management
JWT + Secure Cookies

AuthN/AuthZ
Role-based Access

———| BuiderStige ——| Production Stage

Base Image: python3 11-
slim

5.2 Container Security Hardening

Dockerfile Security

‘ Non-root User Creation

Minimal Package
Installation

|———| Read-anly Filesystem }7 Capabiity Dropping ~ ————|

Health Check Configuration



5.3 Secrets Management Architecture

Performance & Scalability

6.1 Scalability Analysis

Trroughput: 95 regfsec Response PS0: 120ms

95% of target Wiin SLA
API Gateway Workers
Matgaton: Comnecton
Max 20 Pods. Bosteneck: DB Connections. e Max 100 Pods Bosteneck: Docker Daemon

Meigaton: Socket Sharding

Response P93: 850ms

Acceptable

zonta Scaling Limis

Maxc 5 Read Repicas

Ermor Rate: 0.2 o8 CPU: 6
<156 argen <70% tveshold

Database

Botteneck: Wte

= Migaton: Wte Sharding

6.2 Database Performance Optimization

Connection Pool
Optimization

Connection Recycling

6.3 Caching Strategy

Query Optimization

Before Optimization

Max 10 Pods.

Borteneckc AP! Gatenay Midgaton: Edge Caching

After Optimization

Full table scan

CREATE INDEX
idx_scans_image_create
ON
vulnerability_scans(image_n
created_at DESC)

CREATE MATERIALIZED
VIEW scan_statistics
AS SELECT ... GROUP BY
date_trunc('hour’,
created_at)

Index-only scan

Query uses covering index

REFRESH
MATERIALIZED VIEW
CONCURRENTLY
scan_statistics




Cache Architecture

Cache Patterns

Write-Through
Update DB - Invalidate

h -

Read-Through
Check cache — DB fallback

Cache Keys
scan:{id}, scans:list:{page}

Monitoring & Observability
7.1 Four Pillars of Observability



Custom Business Metrics

Critical vulnerabilities found

\

Vulnerability Counts Risk score distribution

Compliance status

Scan duration by image
size

N/

Scan Performance Cache hit rates

Worker utilization

Pod readiness

N/

System Health

Database replication lag

(

Queue depth

7.2 Distributed Tracing Architecture

Golden Signal

s Monitoring

API request duration

™

Database query duration

Latency

Worker scan duration

Percentiles: p50, p90, p95,
p99

Requests per second

0 T

Traffic

> Active scans

Database connections

Network bytes in/out

HTTP error rates

N (]

Database error rates

Errors

Worker failure rates

1

Exception counts by type

Saturation

1

CPU utilization

Memory utilization

> Disk I/O

q

Network bandwidth




Client Ingress API Gateway Database Worker Trivy Docker

POST /apilvl/scan - Scan Submission
HTTPS Request
Forward to API
Trace ID: 00-0af7651916¢cd43dd...

BEGIN TRANSACTION

INSERT scan (PENDING)

L Scan ID
COMMIT
B 202 Accepted
‘Worker Processing
loop [Every 10s]
SELECT pending scans
Return scan job
UPDATE status=PULLING
docker pull image:tag
B Image downloaded
UPDATE status=SCANNING
trivy image --format json
JSON vulnerability report
UPDATE status=PARSING
Parse & store vulnerabilities
UPDATE status=COMPLETED
Real-time Updates
WebSocket: Scan Completed
Client Ingress API Gateway Database Worker Trivy Docker

7.3 Log Aggregation Pipeline



Database Pods

Region: eu-west-1 (OR

API Instances: 0

Disaster Recovery & Business Continuity

8.1 Multi-Region Deployment Strategy

Autoscale on failover

Log Processing

Hot Tier: 7 days

Warm Tier: 30 days

Application Layer

Cold Tier: 90 days

Kibana Dashboards
Worker Pods

Alerting Rules

Frontend Pods

Anomaly Detection
Parse structured logs

Add Kubernetes metadata

Buffer for reliability

Region: ug east-1 (Primary)
Load Balancer

RDS PostgreSQL.

synchronous Replicatior
Load Balancer
Async Replica

Backup

Primary

--

API Instances: 6

I—
‘ ‘ EKS Control Plane

RDS PostgreSQL
Writer
Standby ‘

Pr——

RPO:0 saconds

8.3 Backup Strategy Matrix

8.2 Recovery Objectives Matrix
E=a

RT0: 2minses

Susegy Staeessdesn

e

Region: us-west-2
Synchronous Replication

(Secondary)

APl Instances: 4

RDS PostgreSQL

| s | .

Reader
RPO: 1 hu

RT0: 0 mises

Sunegy 5300

900 seconds

Sumegy. G

ops
Conbguap versoning

RPO: mectes

RTO: immedite

e —

Log Archival
30 days: Standard
1 year: Glacier

7 years: Deep Archive



Backup Strategy Timeline

Continuous WAL Archival

Database Daily Full Backup
Point-in-time Recovery

Real-time S3 Replication

Scan Results

Configuration

Daily Integrity Check
’ Weekly Validation
Git Commit on Change
’ ConflgMap Export
’ Skcrets Backup
Real-time Streaming

Logs

00:00

03:00

@

Daily Archival

’ Monthly C

06:00 09

leanup

:00

12

:00

15:00 18:00 21:00 00:00

Future Roadmap & Evolutionary Architecture

9.1 Phased Evolution Strategy

Technology Evolution Roadmap

v

SBOM Generation

9.2 Technology Radar

Multi-tenancy

Uy

Predictive Scaling

Q2 2024 Q4 2024 Q2 2025 Q4 2025
Enhanced Platform Autonomous Advanced
Intelligence Ecosystem Security Analytics
1 T 1
ML Risk Scoring Plugin Architecture Self-healing
: Infrastructure
Predictive Analytics API| Marketplace
Automated
_ e

-----



"Technology Radar - Adoption Strategy"

Adopt & Assess Adopt & Trial
He.al\ct'
Trivy
? /
o FastAP|
Z
‘u‘u’ehﬁs."semhly F‘nstgﬁeSQL
Grap.hQL Kube%etes
.
Hold & TrialimescaleDB Hold & Assess
EB%F
= Apachg,&rrnw
=
WED%PLJ
Cnnfidentis’ Computing

@
intum-safe Cryptography AdDDI Hold

Conclusion

10.1 Architectural Excellence Summary

The Container Vulnerability Scanner represents a comprehensive enterprise-grade security
platform with several key architectural achievements:

Zero-trust Model

Automated Security

Security by Design Compliance Ready
Cost Optimization

Defense-in-Depth Fault Isolation
Scalability Architecture Architectural Excellence

Horizontal Scaling

Microservices Excellence . .
Elastic Resource Independent Scalability AP!-first Design
10,000+ Concurrent Management

Scans Self-documenting .
Compliance Readiness Operations Clean Separation of
Concerns
Regulatory Framework

Mapping Data Retention Policies

Automated Audit Trails

10.2 Business Impact Assessment



Quantitative Benefits:

95% reduction in manual security review effort

99.9% system availability with multi-region redundancy
Sub-500ms response times at 95th percentile under load
Linear scaling to support enterprise container portfolios

Automated compliance reporting reducing audit preparation from weeks to minutes
Strategic Recommendations:

Immediate Actions (0-3 months):

Deploy to production with phased rollout

Establish baseline security metrics

Train security and development teams

Integrate with existing CI/CD pipelines
Medium-term Initiatives (3-12 months):

Implement machine learning for predictive analysis

Expand to infrastructure and configuration scanning

Develop partner ecosystem and integration marketplace

Achieve industry certifications (SOC2, ISO 27001)
Long-term Vision (1-3 years):

Autonomous security operations

Industry leadership in container security

Expansion to adjacent security domains

Contribution to open-source security ecosystem



