Ghost Protocol Whitepaper

A Commit-Once, Reveal-Once Privacy Primitive

Version 1.0 — January 2026

Ghost Protocol: A New Privacy Primitive

Ghost Protocol treats non-existence, not secrecy, as the strongest form of privacy.

The Problem

Every digital transaction leaves a trail. When you send money, buy something, or access a service, records are created.
These records accumulate. They can be searched, subpoenaed, leaked, sold, or stolen.

Existing privacy systems try to hide these trails through encryption, obfuscation, or institutional promises. But hidden
trails still exist. They can be revealed later when encryption is broken, when institutions change their policies, or when
someone with enough power demands access.

The fundamental weakness of most privacy systems is that they hide data rather than eliminate it. Hidden data can
always be unhidden given enough time, resources, or authority.

What Ghost Protocol Does Differently

Ghost Protocol takes a different approach. Instead of hiding data and hoping it stays hidden, Ghost Protocol creates
data that cannot be revealed because it never existed in a revealable form.

When you commit data to Ghost Protocol, you create a cryptographic proof that the data exists. But the data itself is
never recorded. Only you hold the secret that makes the commitment meaningful. Until you choose to reveal it, there is
nothing to find, nothing to subpoena, nothing to hack.

This is not encryption. Encrypted data exists and can theoretically be decrypted. Ghost Protocol commitments contain
no data to decrypt. They are cryptographic assertions that can be verified or revealed, but only by someone who
possesses the original secret.

The Core Guarantee

Ghost Protocol provides a guarantee that is difficult to find elsewhere in computing: data can exist in a state where it
is provably real but provably inaccessible.

When you make a commitment:

e The commitment itself is publicly visible

¢ No one can determine what the commitment represents
¢ No amount of computation can extract the hidden data
e Only you can reveal the commitment, and only once

When you reveal:

e The revelation is cryptographically verified



e The commitment is permanently marked as revealed
e |t can never be revealed again

This is not just strong privacy. It is a new category of privacy: one where the absence of data is the security property,
not the concealment of it.

Why This Matters

Consider what this enables:

Value that cannot be frozen. If you hold the commitment and the secret, you hold the value. No institution can
prevent you from using it because no institution can identify your holdings.

Access that cannot be revoked. A one-time access token based on Ghost Protocol cannot be rescinded after
issuance. Once granted, the holder has irrevocable access until they choose to use it.

Credentials that cannot be leaked. A credential issued as a Ghost Protocol commitment can be verified without
revealing the credential itself. The verification proves you have it without exposing what "it" is.

Disclosures that cannot be premature. Information can be committed now and revealed later, with cryptographic
certainty that it cannot be revealed by anyone else in the interim.

These are not theoretical applications. They are categories of problems that Ghost Protocol solves by changing the
underlying model from "hide data" to "eliminate data."

The Core Model

Non-Existence as a Security Property

The strongest form of data protection is not hiding data. It is ensuring the data never exists in a form that can be
found.

The Hierarchy of Data Protection

Consider four levels of data protection, from weakest to strongest:

Level 1: Policy. Data exists. A policy says who can access it. Policies can be changed, violated, or overridden by
authority.

Level 2: Access Control. Data exists. Technical controls restrict access. Controls can be bypassed, misconfigured, or
broken.

Level 3: Encryption. Data exists in encrypted form. The encryption can be broken given enough time or the right
weakness. Keys can be stolen, compelled, or lost.

Level 4: Non-Existence. Data does not exist in a form that can be retrieved. There is nothing to access, nothing to
decrypt, nothing to compel.

Ghost Protocol operates at Level 4.

What Non-Existence Means



When you create a Ghost Protocol commitment, you generate a cryptographic fingerprint of data without storing the
data itself. The fingerprint proves the data exists (or existed) but reveals nothing about what the data is.

This is not the same as deletion. Deleted data can often be recovered. Non-existence means the data was never

recorded in the first place. The system contains proof that something was committed, but no record of what was
committed.

The only copy of the actual data exists in the secret you hold. If you lose the secret, the commitment becomes
permanently meaningless. This is a feature, not a bug.

Why This Is Stronger Than Encryption

Encryption transforms data into an unreadable form. The original data can be recovered with the right key. This creates
several vulnerabilities:

¢ Key compromise. If someone obtains the key, they obtain the data.

e Future cryptanalysis. Encryption that is strong today may be broken tomorrow.
e Compelled disclosure. Legal or physical coercion can extract keys from people.
¢ Storage footprint. Encrypted data still takes space and leaves traces.

Ghost Protocol commitments have none of these vulnerabilities. There is no key that unlocks the commitment. The
commitment itself contains no recoverable data. Breaking the cryptography would prove the system is broken, not
reveal hidden data.

What This Enables

Non-existence as a security property enables guarantees that are impossible with traditional privacy systems:

¢ Immunity to subpoena. You cannot be compelled to produce data you do not have.

¢ Immunity to breach. A system breach reveals commitments, not the data behind them.

¢ Immunity to future attacks. Breaking the cryptography later reveals nothing because nothing was encrypted.
e Permanent uncertainty. Observers can never know if a commitment will be revealed or has been abandoned.

Commit Once, Reveal Once

Ghost Protocol enforces a simple rule: every commitment can be revealed exactly once, or never. There is no middle
ground.

The Lifecycle

A commitment passes through exactly one of two lifecycles:
Lifecycle A: Commit - Reveal

1. You create a commitment by generating a cryptographic hash

2. The commitment is recorded on-chain

3. At some point, you present the secret that matches the commitment
4. The system verifies the match and marks the commitment as revealed
5. The commitment can never be revealed again

Lifecycle B: Commit - Silence

1. You create a commitment



2. The commitment is recorded on-chain

3. You choose not to reveal, or you lose the secret

4. The commitment remains on-chain forever, permanently unrevealed
5. No one can ever determine what was committed

There is no Lifecycle C. You cannot reveal twice. You cannot partially reveal. You cannot reveal the same commitment
to different parties at different times.
Why Only Once

The one-time constraint is not a limitation. It is the source of Ghost Protocol's strongest guarantees.

One-time revelation creates scarcity. If a commitment could be revealed multiple times, holders could duplicate
value. The reveal would be worth less each time. One-time revelation ensures that revealing is meaningful and final.

One-time revelation prevents correlation. If the same commitment could be revealed in multiple contexts, observers
could correlate those contexts. One-time revelation ensures that each reveal is an isolated event with no connection to
past or future reveals.

One-time revelation enables finality. When a commitment is revealed, the interaction is complete. There is no
lingering data that could be revealed later. The reveal is the end of the commitment's meaningful life.

Real-World Analogies

Cash

Physical currency is the closest analog to Ghost Protocol's privacy model.
When you pay with cash:

e The transaction leaves no record in any database

e The payer and payee cannot be connected after the fact
e The money itself carries no history of previous owners

e Possession is the only proof of ownership

Ghost Protocol creates the digital equivalent. Committed value is a bearer instrument. Whoever knows the secret owns
the value. There is no ledger of transfers, only a ledger of commitments and reveals.
Sealed Envelopes

A sealed envelope demonstrates the concept of commitment without revelation.
When you seal information in an envelope:

e Others can see that an envelope exists

¢ No one can determine what's inside without opening it
e Opening destroys the envelope's integrity

e You can choose when (or whether) to open it

Ghost Protocol commitments are cryptographic sealed envelopes. The commitment proves the envelope exists. The
secret is required to open it. Opening (revealing) is irreversible and one-time.

Dead Drops



A dead drop is a method of covert communication where two parties exchange information without ever meeting.

Ghost Protocol enables digital dead drops. The commitment is the signal that information is ready. The reveal is the
retrieval. The chain records that an exchange happened but cannot determine what was exchanged or between whom.

The Lifecycle of Data

The Commit Phase

When you commit to Ghost Protocol, you perform the following steps:

1. Generate secrets. You create random cryptographic values that only you possess. These secrets are the keys

to your commitment.

2. Compute the commitment. Using your secrets and the data you want to commit, you compute a
cryptographic hash. This hash is your commitment.

3. Record the commitment. The commitment is written to the blockchain. It becomes permanent and publicly
visible.

4. Store your secrets. You keep your secrets private. Without them, the commitment is meaningless and
unrecoverable.

What Gets Recorded

The blockchain records exactly one thing: your commitment hash.
The commitment hash is a fixed-size value (256 bits) that reveals nothing about:

e What data was committed

e How much value is involved

e Who created the commitment

e When the commitment might be revealed

The Hidden State

Between commitment and revelation, data exists in a unique state: provably real but provably inaccessible.

What Observers Can See

Anyone can observe:

e That a commitment exists
e When the commitment was made (block timestamp)
e The position of the commitment in the sequence

Anyone cannot determine:

e What the commitment represents
¢ Who made the commitment
e Whether the commitment will ever be revealed

The commitment sits in the hidden state, perfectly visible but completely opaque.



Reveal or Permanent Silence

Every commitment ends in one of two ways: revelation or eternal silence. There is no third option.

The Reveal Path

To reveal a commitment, you present proof that you know the secret that created it. This proof is verified
cryptographically. If valid, the system:

1. Records that this commitment has been revealed
2. Executes whatever action the commitment was bound to
3. Marks the commitment as consumed

After reveal, the commitment is done. It cannot be revealed again.

The Silence Path

If you never reveal, the commitment remains on-chain forever in its hidden state. This is not a failure mode. It is a
legitimate outcome.

Both paths lead to finality. Neither outcome can be reversed.

What Exists Where

On-Chain Data (Public)

The blockchain stores exactly two types of information:

e Commitments. Each commitment is a 256-bit hash.
¢ Nullifiers. When a commitment is revealed, its nullifier is recorded.

That is all. The blockchain does not store the data that was committed, the secrets used to create commitments, or

any information about who created or revealed commitments.

Off-Chain Data (Private)

Everything else exists off-chain, in your possession:

e Your secrets. The random values you generated when creating the commitment.
e Your data. The actual information that was committed.
¢ Your proof material. When you reveal, you generate a zero-knowledge proof locally.

This data is entirely your responsibility. Ghost Protocol does not back it up.

What Ghost Protocol Enables

One-Time Access

Ghost Protocol enables access tokens that can be used exactly once and cannot be copied, shared, or revoked after

issuance.

Irrevocability. Once the issuer gives out the secret, they cannot rescind the access.



Non-duplicability. The token cannot be used twice. Only one reveal will succeed.

Unlinkability. The issuer knows they issued a token. The system knows a token was revealed. Neither can connect the
issuance to the revelation.

Private Credentials

Ghost Protocol enables credentials that can be verified without being revealed, and that cannot be leaked because

they are never stored.

With Ghost Protocol, you prove you have a credential without revealing which specific credential (among all issued) is
yours. No tracking, no visible credentials, issuer independence after issuance.

Sealed Disclosures

Ghost Protocol enables information to be committed now and revealed later, with cryptographic proof that the
information was fixed at commit time.

Tamper-proof timestamps, controlled release, non-repudiation, and interim secrecy.

Dead Man's Releases

Ghost Protocol enables information or value to be released automatically if certain conditions are met, typically the
prolonged absence or inaction of the committer.

Contingent inheritance, whistleblower protection, business continuity.

Offline Value

Ghost Protocol enables value to exist in physical form, independent of network connectivity, stored on devices that can
be transferred hand-to-hand like cash.

No connectivity required, physical possession semantics, censorship resistance.

Ghostcoin

Why Value Is the Hardest Privacy Problem

Privacy for messages is solved. Privacy for value is not. Ghost Protocol exists because money is fundamentally harder
to hide than words.

Value must be transferable, verifiable, scarce, and consensual. These requirements create fundamental tensions with
privacy.

Traditional solutions to double-spending destroy privacy through central ledgers or public blockchains. Ghost Protocol
creates the digital equivalent of cash: committed value is a bearer instrument with no ledger of transfers.

Why Ghostcoin Exists



Ghostcoin is not the reason Ghost Protocol was built. Ghost Protocol is the reason Ghostcoin exists. The token proves
the protocol works by securing real value.

Ghostcoin is the public-facing name because protocols do not spread on their own. A protocol needs an application
that demonstrates its value. Ghostcoin is that application.

This ordering matters:

e The protocol was not built to support a specific token
e The token was built to demonstrate the protocol's capabilities
e The protocol can support any token, not just Ghostcoin

Proving the Guarantees

Ghostcoin does not just claim privacy. It proves privacy through cryptographic mechanisms that can be independently
verified.

The cryptography is public. The code is public. The properties are provable.

Why This Is Different

Compared to Privacy Coins

Ghost Protocol is often compared to Zcash, Monero, and Tornado Cash. The key difference:

e Zcash encrypts transaction data and stores it on-chain
e Monero hides real transactions among decoys

e Tornado Cash mixes records to break links

e Ghost Protocol does not create a record

Non-existence cannot be reversed. You cannot decrypt, de-anonymize, or analyze data that does not exist.

Compared to Encryption
Encryption transforms data into ciphertext. The data exists and can be recovered with the key.

Ghost Protocol creates cryptographic proofs without storing data. There is no key that "unlocks" a commitment.

Hiding vs. Removing

The core thesis: the strongest privacy comes from data non-existence, not data concealment.
Hidden data leaks because locations can be discovered, access can be obtained, and patterns reveal content.

Non-existent data cannot leak because there is no target, no key, no structure, and no time window for future attacks.

Risks and Tradeoffs

This system is not safe by default. It is safe by design.



Permanent Loss Is Possible

If you lose your secret, your commitment is lost forever. There is no recovery mechanism.

No Recovery, No Reversals

Once a reveal happens, it cannot be undone. If you reveal to the wrong address, the value is gone.

No Administrators

There are no administrators who can intervene on your behalf. The rules are enforced by smart contracts that do not
make exceptions.

User Responsibility Is Required

Ghost Protocol assumes you know what you are doing. The system will let you make mistakes with no recourse.

Cryptographic Assumptions

Ghost Protocol's security depends on the Poseidon hash function being secure and the zk-SNARK system being
sound.

For Investors

Ghost Protocol as Infrastructure

This is not an application thesis. It is an infrastructure thesis.

Ghost Protocol is not a product competing for users. It is a primitive that other products can build on. Infrastructure
tends to persist longer than applications.

A New Category

Ghost Protocol is not a better privacy coin. It is a different kind of system.

Previous privacy systems forced trade-offs between privacy and verifiability, privacy and programmability, privacy and
compliance. Ghost Protocol breaks these trade-offs.

Beyond Cryptocurrency

Cryptocurrency is the first major application, but not the only one. The protocol supports digital identity, access
control, voting systems, supply chain verification, and healthcare credentials.

Protocols Outlive Products

Products come and go. Protocols persist. TCP/IP, SMTP, HTTP are decades old. Ghost Protocol is designed as a
protocol, not a product.



Where This Runs

Umbraline

Ghost Protocol runs on Umbraline, a dedicated Avalanche L1 subnet built specifically for privacy-preserving

applications.
Property Value
Name Umbraline
Type Avalanche L1 Subnet
Chain ID 47474

Native Token GHOST

Consensus Avalanche Snowman

Why a Dedicated Chain

Privacy operations are expensive. On congested chains, they can cost tens or hundreds of dollars. On Umbraline, they
cost a fraction of a cent.

Umbraline provides dedicated capacity, optimized gas costs, privacy-aware infrastructure, and governance alignment.

What Exists Today

Network Status
Umbraline Testnet is operational.

The testnet is public and permissionless. Anyone can connect, deploy contracts, and use Ghost Protocol.

Deployed Contracts

The core Ghost Protocol contracts are deployed and verified:

e GhostVault

e GhostCommitmentTree
e GhostNullifierRegistry

e GhostRedemptionVerifier

What "Testnet" Means

The system works. Tokens have no real value. Changes may occur before mainnet.

Honest Assessment



Ghost Protocol is functional, early, unaudited, and evolving. It is not yet battle-tested, complete, or risk-free.

Ghost Protocol is not a promise of privacy. It is a mechanism that makes certain kinds of surveillance mathematically
impossible.
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