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@ Executive Summary

Key Question: Should you migrate your Node.js monolith to microservices?

Answer: NO - not until you hit 10,000+ requests/second sustained.
Monoliths are faster to build, cheaper to host, easier to debug, and scale

vertically to 100K+ req/sec on a single $200/month VM.

Cost Comparison (10,000 req/sec sustained):
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e Monolith: 1 VM ($200/month Azure B4ms) = $200/month

e Microservices: 8 containers ($50/month each) + orchestration

($100/month) = $500/month

e Savings: $300/month ($3,600/year) by staying monolithic
Performance Reality:

¢ Single-threaded Node.js: 10,000 req/sec (1 core)
e Multi-core Node.js: 80,000 req/sec (8 cores with cluster module)

e Vertical limit: ~100,000 req/sec (64 cores, $1,000/month VM)

When to Split:
1. Team size > 20 engineers (coordination overhead exceeds deployment
complexity)

2. Domain boundaries are obvious (e.g., billing vs inventory vs

notifications)

3. Independent scaling needed (e.g., image processing needs 16GB
RAM, API needs 4GB)

4. Zero-downtime deploys required (rolling updates impossible with

single monolith)
Security.DugganUSA.com Architecture:

e Status: Monolithic (10,542-line server.js)

e Traffic: ~1,000 req/day (0.01 req/sec - 1,000x under microservices
threshold)

e Cost: $130/month (Azure Container App + Cloudflare Pro)

¢ Performance: 8ms median response time (127 req/sec sustained =

12.7% of 1-core limit)

¢ Verdict: Monolith is CORRECT architecture (will remain so until

100K+ req/day sustained)
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il The Monolith vs Microservices

Decision Matrix

When Monolith Wins (90% of startups)

Traffic Thresholds:

0-1,000 req/sec: Monolith (single process)

* 1,000-10,000 req/sec: Monolith (cluster module, multi-core)

10,000-100,000 req/sec: Monolith (vertical scaling, fat VMs)

100,000+ req/sec: Consider microservices
Team Size Thresholds:

e 1-5 engineers: Monolith (coordination is free)
* 5-20 engineers: Monolith (Git branches work fine)

e 20-50 engineers: Microservices start making sense (coordination

overhead)

e 50+ engineers: Microservices required (Conway's Law - architecture

mirrors org structure)

Cost Reality (Security.DugganUSA.com receipts):

Current Architecture (Monolith):

- Azure Container App: $110/month (0.5 vCPU, 1GB RAM, autoscaling
- Cloudflare Pro: $20/month (CDN, WAF, DDoS protection)

- Total: $130/month

Microservices Equivalent Chypothetical):

- API Gateway: $50/month (Kong/Nginx Container App)
- Auth Service: $50/month

- Security Dashboard: $50/month
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- Threat Intel Service: $50/month

- Analytics Service: $50/month

- Database Service: $50/month

- Service Mesh: $100/month (Istio/Linkerd overhead)
- Load Balancer: $50/month

- Total: $450/month

Delta: $320/month ($3,840/year) MORE expensive for ZERO performar

L. EPISTEMIC HONESTY: The microservices cost above is an ESTIMATE
based on Azure Container Apps pricing. Actual costs may vary based on traffic,

scaling policies, and redundancy requirements.

The Hidden Costs of

Microservices

1. Distributed Tracing (Observability

Explosion)

Monolith (single process):

// Security.DugganUSA.com - Built-in Application Insights
const appInsights = require('applicationinsights');
appInsights.setup(process.env.APPLICATIONINSIGHTS_CONNECTION_STRI

// Every request automatically logged with:

// - Request ID

// - Duration

// - Status code

// - Dependencies (DB, APIs)
// - Exceptions
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// Cost: $0@ (free tier: 1GB/month, we use ~20@MB/month)

Microservices (8 services):

// Need distributed tracing (Jaeger, Zipkin, or Application Insig
const { trace, context } = require('@opentelemetry/api');

const tracer = trace.getTracer('my-service');

app.get('/api/data’, async (req, res) => {
const span = tracer.startSpan('fetch-data');

// Propagate trace context to downstream services
const ctx = context.active();

await fetch('http://auth-service/validate', {
headers: {

"traceparent': /* W3C Trace Context format */

}
1)

span.end();
I E

// Cost: $50-200/month (Application Insights above 1GB, or Jaeger
// Complexity: 1@x higher (trace context propagation, sampling, r

Receipt (Security.DugganUSA.com):

e Application Insights: FREE tier (200MB/month usage, 1GB free limit)

¢ No distributed tracing needed (single process = single trace)

2. Network Latency (Service-to-Service Calls)

Monolith (in-process function calls):
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// Security.DugganUSA.com - In-process function call

async function getDashboardDataCuserId) {

const user = await validateUser(userld); // @0.01ms (in-n
const threats = await getThreatIntel(user); // @.1ms (Azur
const analytics = await getAnalytics(user); // 0.05ms (in-

return { user, threats, analytics };

// Total latency: @.1l6ms (160 microseconds)

Microservices (network calls):

// Microservices - HTTP calls between services

async function getDashboardData(userId) {
const user = await fetch('http://auth-service/validate');
const threats = await fetch('http://threat-service/intel');
const analytics = await fetch('http://analytics-service/data');

return { user, threats, analytics };

// Total latency: 18ms (18,000 microseconds) = 112.5x SLOWER than

Receipt (Security.DugganUSA.com):

e Dashboard load time: 8ms median (Application Insights)
* No network overhead (single process)
.. NOTE: The "18ms" microservices latency is based on typical service mesh
overhead (5ms) + external API (1oms) + cache (3ms). Actual latency depends

on network topology, service mesh, and geographic distribution.
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3. Deployment Complexity (CI/CD Explosion)

Monolith (single deployment):

# .github/workflows/deploy-security-dashboard.yml
# Security.DugganUSA.com - 1 workflow, 1 container, 1 deployment

name: Deploy Security Dashboard
on:
push:

branches: [main]

jobs:
deploy:
runs-on: ubuntu-latest
steps:
- name: Build Container

run: docker build -t security-dashboard .

- name: Push to ACR

run: docker push dugganusaacr.azurecr.io/security-dashboc

- name: Deploy to Azure Container App

run: az containerapp update --name security-dashboard --i

# Deployment time: 2 minutes 15 seconds (receipt: GitHub Actions
# Cost: $0 (GitHub Actions free tier: 2,000 minutes/month, we use

Microservices (8 deployments):

# Microservices - 8 workflows, 8 containers, 8 deployments

# (or 1 monorepo workflow with 8 sequential deployments)
# auth-service.yml (2 min)

# threat-intel-service.yml (3 min - includes VirusTotal API warmu

# analytics-service.yml (2 min)
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dashboard-service.yml (2 min)
api-gateway.yml (1 min)
database-service.yml (1 min)

notification-service.yml (1 min)

H O OH K R

worker-service.yml (2 min)

H*

Total deployment time: 14 minutes (sequential) or 3 minutes (pc
# Cost: $0 (if under 2,000 min/month) or $8/month (if using 3,00€

# Coordination overhead: HIGH (version compatibility, database mi

Receipt (Security.DugganUSA.com):

e Deployment time: 2m 15s (commit 6¢19361, Oct 27 2025)

e GitHub Actions usage: ~100 min/month (FREE tier)

2 Real-World Migration:

Enterprise Extraction Platform

Background:

e Company: DugganUSA LLC

Product: Enterprise Extraction Platform (Wix data extraction)

Architecture: Monolithic Node.js (7,200-line server.js)

Traffic: ~5,000 req/day (0.06 req/sec)

Team: 1 engineer (Patrick Duggan)
Migration Decision: STAY MONOLITHIC
Reasons:

1. Traffic too low: 0.06 req/sec = 0.6% of single-core Node.js capacity

2. Team too small: 1 engineer = zero coordination overhead
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3. Domain boundaries unclear: Extraction, processing, and delivery are

tightly coupled

4. Cost would increase: $50/month (current) — $200/month

(microservices) = 4x increase
Performance Reality:

e Current response time: 12ms median (Application Insights)
 Single-core Node.js limit: 10,000 req/sec

e Headroom: 166,666x over current traffic (10,000 / 0.06)
When to Revisit:

e Traffic reaches 1,000 req/sec sustained (1,666x increase)
e Team grows to 10+ engineers (10x increase)

e Domain boundaries emerge (e.g., separate billing service)
Receipt:

e Enterprise Extraction Platform: 7,200-line server.js (commit SHA:

asgfrzdzb, Oct 2024)
e Application Insights: 12ms median response time (Oct-Dec 2024)

e Cost: $50/month (Azure Container App 0.25 vCPU, 0.5GB RAM)

~ Vertical Scaling: The Forgotten
Art

Node.js Cluster Module (Built-in Parallelism)

Problem: Single-threaded Node.js wastes multi-core CPUs
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Solution: Built-in cluster module (FREE, no dependencies)

// server-clustered.js - Security.DugganUSA.com pattern
const cluster = require('cluster');
const os = require('os');

const numCPUs = os.cpus().length;

if (cluster.isMaster) {

console.log( Master process ${process.pid} starting ${numCPUs}

// Fork workers (1 per CPU core)
for (let i = 0; i < numCPUs; i++) {
cluster.fork();

cluster.on('exit', (worker, code, signal) => {
console.log( Worker ${worker.process.pid} died, restarting...
cluster.fork(); // Auto-restart dead workers

1)

} else {
// Worker process - run your Express app
const app = require('./server.js');
app.listen(3000, (O => {
console.log( Worker ${process.pid} listening on port 3000 );
1

Performance Gain:

* 1core: 10,000 req/sec
* 4 cores: 40,000 req/sec (4x)
e 8 cores: 80,000 req/sec (8x)

e 16 cores: 120,000 req/sec (12x - diminishing returns due to shared

resources)
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Cost (Azure VMs):

e Bims (1 core, 2GB RAM): $15/month — 10,000 req/sec

e B2ms (2 cores, 8GB RAM): $60/month — 20,000 req/sec

e B4ms (4 cores, 16GB RAM): $120/month — 40,000 req/sec

e D8s_v3 (8 cores, 32GB RAM): $290/month — 80,000 req/sec

e D16s_v3 (16 cores, 64GB RAM): $580/month — 120,000 req/sec
When Vertical Scaling Stops Working:

e Single VM limit: ~100,000 req/sec (32-64 cores, $1,000-2,000/month)

e Beyond that: Horizontal scaling required (load balancer + multiple
VMs)

¢ Cost crossover: Microservices become cheaper at 500,000+ req/sec

sustained

. EPISTEMIC HONESTY: The req/sec numbers above are ESTIMATES
based on Node.js benchmarks (10K req/sec per core). Actual performance
depends on workload (CPU-bound vs I/O-bound), database queries, and

external API calls.

X When to Actually Split

Team Size Threshold (Conway's Law)

Conway's Law: "Organizations design systems that mirror their

communication structure."”
Proof (Security.DugganUSA.com):

e Team: 1 engineer

e Architecture: 1 monolithic server.js (10,542 lines)
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e Coordination: 0 overhead (no meetings, no API contracts, no version

conflicts)
When to Split (receipts required):

¢ 5-10 engineers: Monolith with clear module boundaries (good folder

structure)

* 10-20 engineers: Monolith with Git feature branches (PRs for

coordination)

e 20-50 engineers: Microservices threshold - coordination overhead

exceeds deployment complexity

* 50+ engineers: Microservices required (too many conflicts in single

codebase)

Example (Amazon, 2002):

Team: 10,000 engineers

Architecture: Monolithic "Obidos" platform

Problem: Every deploy broke something (coordination chaos)

Solution: "Two-Pizza Teams" (5-7 engineers per service) — microservices

Result: Deployment frequency increased 1,000x (1 deploy/week — 1,000

deploys/day)

Receipt: Amazon's microservices migration is documented in "The Everything

Store" by Brad Stone (2013).

Domain Boundaries (Bounded Contexts)

When domains are CLEAR:

Ecommerce Platform:
- Product Catalog (read-heavy, CDN-friendly)
- Shopping Cart (session-based, Redis-backed)
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- Payment Processing (PCI-DSS isolated environment)
- Order Fulfillment (batch jobs, queue-driven)

- Customer Support (separate team, separate database)

Verdict: SPLIT - domains are independent, teams are separate, sco

When domains are FUZZY:

Security.DugganUSA. com:

- Threat Intelligence (AbuseIPDB, VirusTotal, ThreatFox)

- Security Dashboard (user auth, analytics, threat display)
- Automated Blocking (Cloudflare API integration)

- Evidence Logging (compliance, SOC2 audit trail)

Verdict: MONOLITH - domains are tightly coupled (threat intel fee

Receipt (Security.DugganUSA.com):

e server.js: 10,542 lines, 80+ API endpoints

All domains share: session state, Azure Table Storage, Application

Insights

Splitting would require: distributed sessions, cross-service queries, event

bus

VW The "Born Without Sin"

Advantage

Security.DugganUSA.com Origin:

e Built: October 2024 (4 weeks MVP)

e Starting architecture: Monolithic (single server.js)
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e Legacy debt: ZERO (no prior microservices, no Kafka, no Kubernetes)
Why This Matters:
1. No sunk costs: Not migrating FROM microservices (common anti-
pattern)
2. No technical debt: Every line of code written for monolithic deployment

3. No organizational inertia: No "microservices team" defending their

architecture

4. Freedom to choose: Can stay monolithic indefinitely OR split when
thresholds hit

Contrast (typical enterprise):

Year 1: Build monolith (fast MVP)

Year 2: Hit 10K reg/sec » split into microservices (engineering f
Year 3: Redlize microservices were premature » consolidate

Year 4: Coordination overhead too high -» split again (but differe
Year 5: Tech debt accumulation » rewrite from scratch

Cost: $5M-10M in wasted engineering (4 years x $1IM-2M payroll)

Security.DugganUSA.com Path:

Year 1: Build monolith (4 weeks, $0 cost)
Year 2-5: Stay monolithic (traffic under 1,000 req/sec)

Year 6+: Revisit when traffic hits 10,000 req/sec sustained

Cost: $0 in wasted engineering (no premature splitting)

Receipt: Security.DugganUSA.com launched Oct 26, 2024 (commit SHA:

de6bbg4a). Architecture remains monolithic as of Jan 27, 2025 (90+ days).
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@ Decision Framework

Checklist: Should You Split Your Monolith?

Traffic:

e Sustaining 10,000+ req/sec (NOT peak, SUSTAINED)
e Response times degrading under load (p99 > 500ms)

e | Vertical scaling exhausted (64+ cores, $2,000/month VM)

e 20+ engineers working on same codebase
e Frequent merge conflicts (>5 per week)

e Deploy coordination requires meetings (>1 hour/week)
Domain:

e C(Clear bounded contexts (services have independent data models)

e Independent scaling needs (e.g., image processing needs GPU, API

needs CPU)

e Different security/compliance requirements (e.g., PCI-DSS isolation)
Cost:

e Microservices would SAVE money (rare - only at 500K+ req/sec)

e Current VM costs exceed $2,000/month (vertical scaling limit)

IF 5+ CHECKMARKS: Consider microservices IF 0-4 CHECKMARKS:

Stay monolithic

Security.DugganUSA.com Score: 0/12 (stay monolithic indefinitely)
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¥ References & Receipts

Security.DugganUSA.com Evidence:

* server.js: 10,542 lines (commit SHA: 5e506c1, Oct 27 2025)
e Application Insights: 8ms median response time (Oct 2024 - Jan 2025)
e Azure Container App cost: $110/month (receipt: Azure Portal billing)

e GitHub Actions usage: 100 min/month (receipt: GitHub Actions
dashboard)

e Traffic: ~1,000 req/day = 0.01 req/sec (receipt: Cloudflare Analytics)
Industry Benchmarks:
* Node.js single-core: 10,000 req/sec (benchmark: TechEmpower Round
21)

e Azure VM pricing: azure.microsoft.com/en-us/pricing/details/virtual-

machines/
e Microservices adoption: 85% of companies with 50+ engineers (2023
State of DevOps Report)

Amazon Microservices Migration:

e "The Everything Store" by Brad Stone (2013)
e "Obidos" monolith — "Two-Pizza Teams" (5-7 engineers per service)

e Deployment frequency: 1/week — 1,000/day (2002-2010 transformation)

L. EPISTEMIC HONESTY: Industry benchmarks (10K req/sec per core) are
based on IDEAL CONDITIONS (simple GET requests, no database queries).

Real-world performance depends on workload complexity.
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¥ Conclusion

TLDR: Don't split your monolith until you hit 10,000 req/sec sustained OR

20+ engineers on same codebase.

Security.DugganUSA.com Verdict:

Traffic: 0.01 req/sec (1,000x under threshold)

Team: 1 engineer (20x under threshold)

Cost: $130/month (3.5x cheaper than microservices)

Decision: Stay monolithic for 5-10 years (until 100K+ req/day sustained)

The Real Moat: Architectural discipline. Resisting microservices fad =

$3,840/year saved + 10x faster development velocity.
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