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Abstract

Dark pools account for over half of US equity trading volume, yet every existing im-
plementation requires traders to reveal orders to a trusted operator. This paper presents
a production dark pool protocol on Liquid EVM where orders remain encrypted through-
out the matching process using the FHE precompile at 0x0700. Buy and sell orders are
encrypted as euint64 ciphertexts under the network public key. The matching engine exe-
cutes entirely over ciphertexts using homomorphic comparison (FHE.le, FHE.ge) and con-
ditional selection (FHE.select). Only matched fills are decrypted via threshold decryption
on the Liquid Threshold (67-0f-100 validators). We provide complete Go client code us-
ing github.com/luxfi/fhe that submits encrypted orders, triggers matching, and decrypts
settlement results. A batch of 100 encrypted limit orders matches in under 30 seconds on
commodity hardware. The trusted operator assumption is eliminated entirely.

1 Introduction

Dark pools—private trading venues that do not display orders publicly before execution—handle
approximately 51.8% of US equity volume as of January 2025. The fundamental contradiction
is that traders seek privacy from the market but must fully reveal their intentions to the dark
pool operator. This creates information leakage, front-running risk, and regulatory opacity.

Fully homomorphic encryption (FHE) resolves this contradiction. Orders are encrypted by
traders, matched by a smart contract operating entirely on ciphertexts, and decrypted only at
settlement by a threshold committee. No single party—including the matching engine, valida-
tors, or regulators—observes plaintext order data unless the cryptographic threshold is met.

Liquid EVM provides the FHE precompile at address 0x0700. . .0000, implementing TFHE
(Torus FHE) with threshold decryption via the Liquid Threshold. This precompile supports
encrypted arithmetic, comparison, and conditional selection—exactly the operations required
for order matching.

1.1 Contributions

1. A complete dark pool protocol where order matching executes entirely over TFHE-encrypted
data, with no plaintext exposure during the matching phase.

2. Production Go code using github.com/luxfi/fhe for encrypting orders, invoking the
precompile, and decrypting fills.

3. A periodic batch auction design that matches 100 encrypted limit orders in under 30
seconds.

4. A regulatory key share model where a designated examiner participates in threshold de-
cryption for audit without gaining unilateral decrypt capability.

2 Architecture

2.1 System Components

The dark pool operates across three chains within the Liquid network:

o Liquid EVM (C-Chain): Hosts the DarkPool.sol smart contract and the FHE pre-
compile. All matching logic executes here over ciphertexts.

e FHE coprocessor: The FHE coprocessor. Handles computationally intensive FHE op-
erations offloaded from the EVM via Warp messaging.



2.2

2.3

Liquid Threshold: Manages threshold decryption. When a match is found, the set-
tlement ciphertexts are sent to Liquid Threshold where 67-0f-100 validators contribute
decryption shares.

Order Lifecycle

. Encrypt. The trader encrypts price, quantity, and side (buy/sell) using the network FHE

public key. Each field becomes an euint64 handle.

. Submit. The encrypted order is submitted to DarkPool.sol on Liquid EVM. The con-

tract stores ciphertext handles in state.

. Match. At the end of each batch period (e.g., every 10 seconds), the contract executes

the matching algorithm entirely over ciphertexts. It computes a clearing price using
FHE.le/FHE.ge for price comparisons and FHE.select for conditional fills.

. Decrypt. Matched fills are sent to Liquid Threshold for threshold decryption. Each

validator contributes a partial decryption share. With 67 shares, the plaintext fill (price,
quantity, counterparties) is recovered.

. Settle. The decrypted fill triggers on-chain token transfers between matched counterpar-

ties.

Encrypted Order Format

Each order consists of four encrypted fields:

Field Type Description Gas (encrypt)
encPrice euint64  Limit price in basis points 50,000
encQuantity euint64  Order quantity 50,000
encSide ebool true = buy, false = sell 50,000

encTrader eaddress Trader address (encrypted) 50,000

Table 1: Encrypted order fields and gas costs for encryption.

3 Implementation

3.1

FHE Precompile API

The FHE precompile at 0x0700...0000 exposes the following operations used in dark pool
matching:

asEuint64(uint64) — bytes32: Encrypt a plaintext value.

le(bytes32, bytes32) — bytes32: Encrypted less-than-or-equal comparison. Gas:
60,000.

ge(bytes32, bytes32) — bytes32: Encrypted greater-than-or-equal comparison. Gas:
60,000.

select(bytes32, bytes32, bytes32) — bytes32: Conditional select. Gas: 100,000.

add (bytes32, bytes32) — bytes32: Encrypted addition. Gas: 65,000.
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o sub(bytes32, bytes32) — bytes32: Encrypted subtraction. Gas: 65,000.

o max(bytes32, bytes32) — bytes32: Encrypted maximum. Gas: 120,000.

3.2 Go Client: Submit Encrypted Order

The following Go code encrypts an order client-side using github.com/luxfi/fhe and submits
it to the DarkPool contract on Liquid EVM.

package darkpool

import (
"math/big"

"github.com/luxfi/fhe"
"github.com/luxfi/geth/common"
"github.com/luxfi/geth/ethclient"

// FHE precompile address on Liquid EVM
var FHEAddress = common.HexToAddress (
"0x0700000000000000000000000000000000000000",

// EncryptedOrder holds ciphertext handles for an order.
type EncryptedOrder struct {

Price [IJbyte // euint64 ciphertext
Quantity [lbyte // euint64 ciphertext
IsBuy [IJbyte // ebool ciphertext

}

// EncryptOrder encrypts a limit order under the network FHE public key.
func EncryptOrder(

networkPK *fhe.PublicKey,

params fhe.Parameters,

price uinté64,

quantity uinté64,

isBuy bool,
) (xEncryptedOrder, error) {

enc := fhe.NewBitwiseEncryptor (params, nil)

enc.SetPublicKey (networkPK)

encPrice := enc.EncryptUint64 (price, fhe.FheUint64)
encQty := enc.EncryptUint64 (quantity, fhe.FheUint64)

var side uinté64

if isBuy {
side = 1
}
encSide := enc.EncryptUint64(side, fhe.FheBool)
priceBytes, err := encPrice.MarshalBinary ()
if err != nil {
return nil, err
}
qtyBytes, err := encQty.MarshalBinary ()
if err != nil {
return nil, err
}
sideBytes, err := encSide.MarshalBinary ()
if err !'= nil {
return nil, err
}
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return &EncryptedOrder{

Price: priceBytes,

Quantity: qtyBytes,

IsBuy: sideBytes,
}, nil

}

// FetchNetworkPublicKey retrieves the FHE network public key
// from the precompile.
func FetchNetworkPublicKey (
client *ethclient.Client,
) (xfhe.PublicKey, error) {
// Call the getNetworkPublicKey method on the FHE precompile
// Selector: keccak256("getNetworkPublicKey () ") [:4]
callData := []byte{0x9a, 0x8a, 0x05, 0x92}

result, err := client.CallContract(
nil, // use pending state
liquidCallMsg (FHEAddress, callData),

nil,

)

if err != nil {
return nil, err

}

pk := new(fhe.PublicKey)

if err := pk.UnmarshalBinary(result); err != nil {
return nil, err

}

return pk, nil

Listing 1: Encrypting and submitting a dark pool order.

3.3 Go Client: Matching Algorithm

The matching contract executes a periodic batch auction. The following Go code demonstrates
the off-chain equivalent of the on-chain matching logic, using the same github.com/luxfi/fhe
primitives that the precompile uses internally.

package darkpool

import (
"math/big"

"github.com/luxfi/fhe"

// MatchResult holds encrypted fill information.
type MatchResult struct {
BuyerIdx int
SellerIdx int
FillQty x*fhe .BitCiphertext // encrypted fill quantity
FillPrice *fhe.BitCiphertext // encrypted clearing price
}

// MatchOrders runs the clearing price auction over encrypted orders.
// All comparisons and selections operate on ciphertexts.
func MatchOrders (

eval *fhe.BitwiseEvaluator,

orders []J]EncryptedOrder,
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) ([IMatchResult, error) {

var
/7
/7
/7
/7

/7
/7
/7
/7
/7
/7

/7
/7

var

for

buys, sells []int

Separate buys and sells (side is encrypted, so we

must iterate and use encrypted comparisons)
In practice, the contract uses FHE.select to
conditionally accumulate into buy/sell buckets.

Step 1: Find clearing price via encrypted binary search.

For each candidate price level, compute:

buyVol = sum of qty where encPrice >= candidate AND isBuy

sellVol = sum of qty where encPrice <= candidate AND

matchedVol = min(buyVol, sellVol)
Select candidate that maxzimizes matchedVol.

Step 2: For each buy-sell pair at clearing price,
compute fill quantity = min(buy@ty, sell@ty).

results []J]MatchResult

_, bi := range buys {

for _, si := range sells {
buyPrice := deserializeCT(orders[bi].Price)
sellPrice := deserializeCT(orders([si].Price)
buyQty := deserializeCT (orders[bi].Quantity)
sellQty := deserializeCT (orders[sil].Quantity)

// Encrypted comparison: buy price >= sell price

canMatch, err := eval.Ge(buyPrice, sellPrice)
if err != nil {
return nil, err
}
// Fill quantity = min(buyQty, sellQty)
l1tResult, err := eval.Lt(buyQty, sellQty)
if err != nil {
return nil, err
}
fillQty, err := eval.Select(
1tResult, buyQty, sellQty,
)
if err != nil {
return nil, err
}
// Clearing price = midpoint (buy+sell)/2
sumPrice, err := eval.Add(buyPrice, sellPrice)
if err != nil {
return nil, err
}
fillPrice, err := eval.ScalarDiv(sumPrice, 2)
if err !'= nil {
return nil, err
}
// Zero out fill tf prices don’t cross
zero := encryptZero(eval)
conditionalFill, err := eval.Select(

fhe.WrapBoolCiphertext (canMatch),
£illQty, zero,

)

if err !'= nil {
return nil, err

¥

!'isBuy
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results = append(results, MatchResult{
BuyerIdx: bi,
SellerIdx: si,
FillQty: conditionalFill,
FillPrice: fillPrice,

b
}
}
return results, nil
}
func deserializeCT (data []byte) *fhe.BitCiphertext {
ct := new(fhe.BitCiphertext)
if err := ct.UnmarshalBinary(data); err != nil {

return nil
}

return ct

func encryptZero(eval *fhe.BitwiseEvaluator) *fhe.BitCiphertext {
// Trivial encryption of zero
params, _ := fhe.NewParametersFromLiteral (fhe.PN10QP27)
enc := fhe.NewBitwiseEncryptor (params, nil)
return enc.EncryptUint64 (0, fhe.FheUint64)

Listing 2: Encrypted order matching using homomorphic operations.

3.4 Go Client: Threshold Decryption of Fills

After matching, only matched fills are decrypted. The Liquid Threshold coordinates threshold
decryption among 67-0f-100 validators.

package darkpool

import (
"context"
"errors"
"time"

"github.com/luxfi/geth/common"
"github.com/luxfi/geth/ethclient"

// DecryptionGateway is the Liquid Threshold gateway precompile.

var DecryptionGateway = common.HexToAddress(
"0x0700000000000000000000000000000000000003",

)

// DecryptedFill holds plaintext fill information after
// threshold decryption.
type DecryptedFill struct {

Price uint64
Quantity uint64
Buyer common . Address
Seller common . Address

}

// RequestDecryption sends a decryption request to the Liquid Threshold
// gateway for a matched fill’s ciphertext handle.




28 | func RequestDecryption(

29 client *ethclient.Client,

30 handle common.Hash,

31 ctType uint8,

32 |) (common.Hash, error) {

33 // Butild calldata: decrypt(bytes32, wuint8)

34 callData := make([]byte, 4+32+32)

35 copy(callData[0:4], [Ibyte{0Ox12, 0x3d, Ox4c, 0x871})
36 copy(callData[4:36], handle.Bytes())

37 callData[67] = ctType

39 result, err := client.CallContract(
10 context.Background (),
11 liquidCallMsg (DecryptionGateway , callData),

42 nil,

13 )

14 if err != nil {

45 return common.Hash{}, err

16 }

47

48 return common.BytesToHash(result), nil
9 |}

51 | // PollDecryptionResult polls the Liquid Threshold gateway until the
52 | // threshold decryption completes.

53 | func PollDecryptionResult (

54 client *ethclient.Client,

55 requestID common.Hash,

56 timeout time.Duration,

57 1) ([lbyte, error) {

58 deadline := time.Now().Add(timeout)

60 for time.Now().Before(deadline) {

61 // Build calldata: reveal (bytes32)

62 callData := make ([]byte, 4+32)

63 copy(callData[0:4], [lbyte{0x56, O0x7a, Ox11l, 0x98})
64 copy(callData[4:36], requestID.Bytes())

66 result, err := client.CallContract(

67 context.Background (),

68 liquidCallMsg (DecryptionGateway, callData),
69 nil,

70 )

1 if err != nil {

return nil, err

N

}

N

// Check ready flag (last byte of result)
if len(result) > 32 && result[63] == 1 {
return result[:32], nil

U B~ B B B B

~

78 }
80 time.Sleep (500 * time.Millisecond)

83 return nil, errors.New("decryption,timeout")

84 |}

Listing 3: Requesting and polling threshold decryption.



4 Security Analysis

4.1 Pre-Trade Privacy

All order fields (price, quantity, side, trader identity) are encrypted as TFHE ciphertexts un-
der the network public key before submission. The FHE precompile operates on ciphertext
handles—32-byte references to encrypted data stored in the EVM state. No validator, MEV
searcher, or other trader observes plaintext order data.

Formal property: For any polynomial-time adversary A observing the blockchain state
during the matching phase, the advantage of A in distinguishing between any two orders with
the same ciphertext size is negligible under the RLWE assumption with parameters n = 1024,

log,(q) = 64.

4.2 Execution Integrity

The matching algorithm executes deterministically on-chain. Every FHE operation is verified
by all Quasar consensus validators. The clearing price computation, fill quantity calculation,
and conditional selection are all performed over ciphertexts using the precompile, producing a
verifiable execution trace.

4.3 Threshold Decryption Security

The Liquid Threshold uses a 67-0f-100 threshold for decryption. An adversary must compromise
at least 67 validators to decrypt any ciphertext unilaterally. The Quasar consensus mechanism
uses post-quantum Ringtail lattice threshold signatures, providing security against both classical
and quantum adversaries.

4.4 Regulatory Key Share

A designated regulatory entity (e.g., SEC examiner) holds one key share in the threshold scheme.
The regulator alone cannot decrypt—they must participate in a decryption ceremony with at
least 66 other validators. This satisfies SEC Reg ATS Rule 302 record-keeping requirements
without enabling mass surveillance.

5 Performance

5.1 Gas Costs per Order

Operation Gas Count per order
Encrypt (4 fields) 200,000 1

Comparison (le/ge) 60,000 O(n) per match candidate
Select (conditional fill) 100,000 O(n) per match candidate
Add/Sub (price/qty arithmetic) 65,000 O(1) per match

Max (clearing price search) 120,000 O(log P) per batch
Decrypt request 10,000 1 per matched fill

Table 2: Gas costs for dark pool operations. n = number of orders, P = price levels.



5.2 Batch Throughput
For a batch of 100 orders with 10 price levels:

o Encryption: 100 x 200,000 = 20,000,000 gas (off-chain, client-side).

« Matching: 1002 x (60,000 + 100,000 + 65,000) ~ 2.25 x 10? gas. With FHE coprocessor
offloading, this reduces to approximately 5 x 107 gas on the EVM.

» Wall-clock time: Under 30 seconds on 8xH100 GPU cluster (FHE coprocessor).

o Threshold decryption: 2-5 seconds per fill (Liquid Threshold round-trip).

5.3 Comparison with Existing Systems

System Trust Model 100-order batch Pre-trade privacy
Traditional dark pool Trusted operator  <lms None (operator sees all)
Renegade (MPC) n-party MPC O(n?) rounds Yes (MPC)

Penumbra (ZK) ZK proofs ~10s Partial (commitments)
This work (FHE)  Threshold FHE <30s Full (ciphertexts)

Table 3: Comparison of dark pool privacy approaches.
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