Zero-Knowledge Proofs (ZKPs) FAQ

1. What are Zero-Knowledge Proofs (ZKPs)?

Zero-Knowledge Proofs (ZKPs) are a cryptographic method that allows one party (the prover) to demonstrate to
another party (the verifier) that they possess certain information without revealing the actual information. For
example, you can prove you are over 18 without disclosing your exact birth date.

2. How do ZKPs work in practice?

Imagine needing to prove you have the password to a locked drawer without revealing the password itself.
You could let the verifier turn around while you open the drawer with the correct password and show them a
specific item inside. This way, the verifier knows you have the password without learning what it is.

3. What are the key properties of ZKPs?
ZKPs have three main properties:
o Completeness: If the statement is true, an honest verifier will be convinced by an honest prover.

e Soundness: If the statement is false, no cheating prover can convince an honest verifier that it is true,
except with a small probability.

e Zero-knowledge: If the statement is true, the verifier learns nothing other than the fact that it is true.
4. What are the different types of ZKPs?
ZKPs can be categorized into two main types:

¢ Interactive ZKPs: Require multiple rounds of communication between the prover and verifier.

¢ Non-Interactive ZKPs (NIZKs): Allow the prover to generate a proof without needing to interact with the
verifier.

5. What are ZK-SNARKs and ZK-STARKs?

ZK-SNARKSs (Zero-Knowledge Succinct Non-Interactive Arguments of Knowledge) and ZK-STARKSs (Zero-
Knowledge Scalable Transparent Arguments of Knowledge) are popular implementations of ZKPs in blockchain
technology.

o ZK-SNARKs: Offer compact proofs and fast verification but require a trusted setup.

o ZK-STARKs: Are faster, more secure, and do not need a trusted setup, but their proofs are larger.
6. What are the benefits of using ZKPs in Web3?
ZKPs provide several advantages for Web3 applications:

e Enhanced Privacy: Users can transact without revealing sensitive information.

¢ Improved Security: Reduces attack surfaces due to less exposed data.

e Scalability: Allows for handling more transactions with less on-chain data.

o Interoperability: Facilitates cross-chain communication while maintaining privacy.

e Compliance: Enables adherence to regulations like GDPR while ensuring transparency.
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7. What are the challenges associated with ZKPs?

Despite their benefits, ZKPs face challenges in widespread adoption:

Term

Computational Complexity: Generating proofs can be resource-intensive.

Implementation Complexity: Requires deep cryptographic knowledge.

Proof Size & Verification Time: Large proofs and slow verification may affect performance.

Trusted Setup: Some ZKP methods rely on a trusted setup phase, which poses security risks.

Quantum Resistance: Existing ZKP methods may be vulnerable to quantum attacks.

Benefits

Increasing Revenues

- Attracts users seeking secure transactions.

- Enables new business models through privacy-centric applications.

- Reduces costs associated with fraud and data breaches.

Reducing Costs

- Lowers operational costs by minimizing data exposure.
- Reduces compliance costs through automated verification.
- Streamlines processes by eliminating unnecessary intermediaries.

Managing Risk Better

- Enhances security against data breaches by limiting exposure.
- Provides verifiable proof without revealing sensitive information.
- Improves user trust through transparent verification processes.

Increasing Efficiencies

- Automates identity verification processes.

- Reduces data storage needs by proving validity without full disclosure.
- Enhances transaction speeds through efficient proof generation.

8. What are the potential applications of ZKPs in Web3?

ZKPs have numerous applications in Web3, including:

=

Privacy-Preserving Transactions: Concealing transaction details in cryptocurrencies.

Identity Verification: Proving identity or credentials without revealing sensitive data.

Scalability Solutions: Enabling efficient processing of large transaction volumes.

Secure Voting Systems: Ensuring both privacy and transparency in decentralized voting.

Verifiable Computation: Outsourcing complex computations while guaranteeing accuracy.

Anonymous Credentials: Proving qualifications without disclosing unnecessary information.
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