2. How to minimize the
community datacenter risks

?

Here are practical strategies to significantly reduce the remaining risks in your community

datacenter model:

Architectural & Operational

Solutions

Strategy

Decentralized node operators
Hardware security modules
(HSMs)

Threshold cryptography

Attestation & proof systems

Distributed backups
Immutable audit logs

User-controlled key derivation

How It Reduces Risk

Spread datacenter across many
independent operators; no single
entity controls all infrastructure

Encryption keys stored in tamper-
resistant hardware; even datacenter
staff can't access them

Split encryption keys among multiple
independent parties; no single
operator has complete key

Use trusted execution environments
(TEES) or zero-knowledge proofs to
verify datacenter is running correct
code

Replicate encrypted data across
geographically dispersed datacenters
run by different operators

Append-only, cryptographically signed
logs stored separately; impossible to
cover up suspicious activity

Users derive their own encryption
keys locally; datacenter never sees
master keys

Trade-offs

Requires coordination, harder to
manage consistency

Adds cost and complexity; potential
performance impact

Complex coordination needed; slower
operations

Can be circumvented if TEE is
compromised; adds overhead

Increases complexity and latency;
coordination overhead

Doesn't prevent attacks, only detects
them after the fact

More complex UX; key recovery
becomes harder



Strategy How It Reduces Risk Trade-offs

Red team audits Regular independent security audits Expensive; doesn't catch everything;
with adversarial testing of datacenter only periodic
operations

Technical Controls to Implement

Eliminate metadata exposure:

e Onion routing (like Tor): Route all traffic through multiple independent relays so
datacenter never sees user's IP

e Metadata-resistant protocols: Use systems that hide communication patterns (Signal's
Sealed Sender, Briar's approach)

e Noise padding: Add fake traffic to obscure real activity patterns and timing

e Private information retrieval (PIR): Users retrieve data without revealing which data
they accessed

Verify code execution:

e Remote attestation: Datacenter cryptographically proves it's running unmodified code
on trusted hardware (Intel SGX, ARM TrustZone, or open alternatives like Keystone)

e Reproducible builds: Anyone can independently compile the source code and verify the
binary matches what's deployed

e Frequent code audits: Independent security researchers audit and sign off on code
before deployment

e User-side verification: Random users periodically download and verify datacenter's
running code matches published sources

Reduce insider threats:

e No single person holds credentials: Require multiple datacenter staff to authenticate
for sensitive operations (multi-signature scheme)

e Microservice isolation: Each app runs in isolated containers; compromise of one doesn't
affect others

e Role-based access control with logging: Every admin action is logged and attributed;
creates accountability

e Regular staff rotation: Reduce time any individual has access to critical systems

e Employee vetting & compartmentalization: Sensitive roles have minimal information
about each other's operations



Governance & Accountability

Make operators transparent:

Public infrastructure reports: Regular published reports on security incidents, patches
applied, hardware replaced

Community oversight board: Users elect representatives to audit operations and
approve major changes

Bug bounty programs: Reward researchers for finding vulnerabilities

Regulatory compliance: Subject to independent audits (SOC 2, ISO 27001 equivalent)

Legal & jurisdictional safeguards:

o Distributed legal entities: Run operations in multiple jurisdictions so no single
government can seize everything

e Data minimization by design: Don't collect metadata that could be demanded by legal
orders

e Encrypted-by-default policies: Make it technically impossible to comply with orders to
decrypt user data

e User bill of rights: Legal commitment to specific security practices; users can sue if
violated

Hybrid Approaches

Federated model: Instead of one community datacenter, users can choose from many
independent operators. If you don't trust one, switch to another. Standardized protocols mean apps
aren't locked into a single datacenter.

Trusted Hardware Enclaves: Deploy applications in secure enclaves (SGX, SEV) where even
datacenter operators can't read running memory. Users get operational convenience without
trusting the datacenter.

Client-side caching: Users keep frequently-accessed data locally. Datacenter is only contacted
occasionally, reducing exposure and metadata leakage.

Hybrid self-hosted + community: Critical apps (email, messaging) self-hosted; convenience
apps (notes, file sync) use community datacenters. Limits damage from any single compromise.



The Reality

The most effective approach combines several of these:

Decentralize operators so no single entity is the target
Use hardware attestation to verify code execution
Implement threshold cryptography for keys

Add metadata-resistant protocols (onion routing, PIR)
Create accountability through audits and oversight boards
Use reproducible builds for user verification
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This still doesn't match self-hosting's security posture—you're trading some control for
convenience—but it dramatically reduces the gap. The remaining risks are mostly about trusting
operators' competence and legal jurisdiction, not fundamental security flaws.

The key insight: you can't eliminate all risk in a managed system, but you can distribute it
across multiple independent operators and make attacks detectable and expensive.
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