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Abstract

We present a comprehensive economic analysis of validator incentives in the Lux Net-
work Proof-of-Stake (PoS) consensus system. Validators secure the network by staking LUX
tokens and participating in consensus, earning rewards proportional to their stake and per-
formance. Delegators extend the system by entrusting tokens to validators in exchange for a
share of rewards. This paper formalizes the complete validator economic model, including:
(i) a delegation mechanism with bounded commission rates and minimum stake thresholds
that ensures Sybil resistance; (ii) a multi-tier slashing protocol with graduated penalties for
downtime, equivocation, and coordinated attacks; (iii) a reward distribution algorithm that
accounts for uptime, stake weight, and appchain participation; and (iv) a game-theoretic
analysis proving that honest validation is a dominant strategy under rational assumptions.
We derive the Nash equilibrium of the validator participation game, show that the com-
mission market converges to a competitive rate under free entry, and demonstrate through
simulation that the protocol achieves target validator decentralization (Nakamoto coefficient
> 20) within 100 epochs. The model is parameterized for Lux Network’s multi-appchain
architecture, where validators may simultaneously validate multiple appchains and earn
compounded rewards.

1 Introduction

Proof-of-Stake consensus systems require careful economic design to align validator behavior
with network security objectives [1, 2|. Validators must be incentivized to remain online, follow
the protocol, and refrain from attacks, while the overall system must attract sufficient stake to

resist Byzantine adversaries.

The Lux Network’s PoS system faces additional challenges due to its multi-appchain ar-
chitecture. Validators may participate in multiple appchains simultaneously, creating complex
interactions between reward sources, hardware costs, and opportunity costs. Delegators must
choose among validators based on commission rates, uptime records, and appchain coverage,

forming a competitive market for staking services.

This paper makes the following contributions:

(i) A formal delegation model with bounded commissions, minimum stakes, and lock-up pe-

riods that achieves Sybil resistance and stake decentralization.

(ii) A three-tier slashing mechanism with graduated penalties calibrated to the severity and

detectability of misbehavior.

(iii) A reward distribution algorithm supporting multi-appchain validators with compounded

returns.

(iv) Game-theoretic proofs that honest validation is incentive-compatible and that the com-

mission market has a unique competitive equilibrium.

(v) Simulation results demonstrating convergence to target decentralization metrics.

2 System Model

2.1 Validators and Delegators

Let V = {v1,...,v,} be the set of validators and D = {dy,...,dn} the set of delegators. Each

validator v; has:

e Self-stake s°!f > smin = 2 000 LUX

val

e Delegated stake s?el = Zdepi Sd



Total stake s; = s?elf + s?el

e Commission rate ¢; € [¢™7, ¢™aX] = [0.05, 0.25]

Uptime factor u; € [0, 1]

Appchain set K; C K (appchains validated)
e Hardware cost h; per epoch
Each delegator d has stake sq > 5(“1[21“ = 25 LUX delegated to exactly one validator.

Definition 1 (Stake Cap). Validator v;’s effective stake is capped at:

sfﬁ = min(s;,w - Sfezf) (1)

where w = 15 is the mazimum delegation multiplier. This prevents a validator with minimal
self-stake from attracting disproportionate delegation.

2.2 Epoch Structure

Time is divided into epochs of E = 8,640 blocks (approximately one day at 10-second block
times). Rewards are computed and distributed at epoch boundaries. Validator set changes
(joins, exits, stake updates) take effect at the next epoch boundary after a registration delay of
one epoch.

2.3 Primary Network and Appchains

The primary network validates the P-Chain (platform), X-Chain (exchange), and C-Chain (con-
tracts). Appchains are independent chains that share validators with the primary network. A
validator must stake on the primary network to validate any appchain.

Definition 2 (Multi-Appchain Validator). A validator v; validating appchains K; earns rewards
from each:

total __ _.primary appchain
=T + > i (2)
keK;
) : : hain - .
where r™™*Y is the primary network reward and rf],';pc “" is the reward from appchain k.



3 Delegation Mechanism

3.1 Delegation Lifecycle

Algorithm 1 Delegation Protocol

: procedure DELEGATE(delegator d, validator v;, amount sg)
require sq > sg

require s; + sg < w - sl

1
2
3 i
4 require v; is active and not jailed

5: Lock s4 in delegation contract

6 D; +— D; U {d}

7: Effective at epoch ecyrrent + 1

8: end procedure

9: procedure UNDELEGATE(delegator d)

10: Begin unbonding period Tunbond = 14 days

11: d earns no rewards during unbonding

12: After Tynbong: release sq to d

13: During unbonding: d’s stake still subject to slashing
14: end procedure

The 14-day unbonding period serves two purposes: (i) it prevents rapid stake movement in
response to anticipated slashing events, and (ii) it provides economic finality—actions taken
during the bonded period can still be penalized during unbonding.

3.2 Delegation Cap and Decentralization

The delegation multiplier w = 15 limits concentration:

Proposition 1 (Decentralization Lower Bound). With total stake S and minimum self-stake
min - the minimum number of validators needed to secure 2S/3 is:

val ?
: 2
poin ’V‘S’mm-‘ (3)

3-w- sy

S

Proof. Each validator’s effective stake is at most w - s™i" = 30,000 LUX. To accumulate 25/3

val —

stake requires at least [25/(3-30,000)] validators. O

For S = 300,000,000 LUX (60% of 500M staked), n™" = 6,667. In practice, the equilibrium
is more concentrated because most validators attract more self-stake, but the cap ensures a lower
bound on decentralization.

3.3 Commission Market

Validators compete for delegators by setting commission rates. We model this as a Bertrand
competition:

Theorem 2 (Commission Equilibrium). In a market with n > 2 validators with identical costs,
the unique Nash equilibrium commission rate is ¢* = ¢™™ + ¢ where € = 0 as n — .

Proof. Delegators prefer lower commissions (holding uptime constant). If validator i sets ¢; >
™ any competitor j can attract i’s delegators by setting ¢j = ¢; — €. The only equilibrium
under Bertrand dynamics is ¢; = ¢™ for all i. With the floor ¢™® = 0.05, the equilibrium
approaches ¢* = 0.05 as competition increases. ]



In practice, validators differentiate on uptime, appchain coverage, and reputation, allowing
premium commission rates:
Definition 3 (Quality-Adjusted Commission). The effective cost to delegators of validator v;
18: e

(3
(4)

w; - (L+ > e, PE)
where py is the reward premium for appchain k participation. Delegators minimize this effective
cost.

EffCost; =

4 Slashing Protocol

4.1 Misbehavior Classification

We define three tiers of misbehavior with corresponding detection mechanisms and penalties:

Table 1: Slashing conditions, penalties, and detection mechanisms.

Violation Tier Penalty Jail Time Detection
Downtime > 48h  Minor 0.1% 7 days Heartbeat
Downtime > 7d Minor 0.5% 14 days Heartbeat
Equivocation Major 5.0% 30 days Crypto proof
Invalid state tran- Major 10.0% 60 days Fraud proof
sition

Coordinated at- Critical 33.0% Permanent Multi-sig evidence
tack

4.2 Slashing Execution

Algorithm 2 Slashing Execution Protocol
1: procedure SLASH(validator v;, violation type, evidence)
2 Verify evidence cryptographically
3 p < PenaltyRate(violation type)
4: slashAmount < p - s;
5: Deduct from v;’s self-stake first
6
7
8
9

if slashAmount > s then
Deduct remainder pro-rata from delegators

end if
: Burn 50% of slashed amount
10: Send 50% to evidence submitter as bounty
11: Jail v; for prescribed duration
12 if s5°f < s after slash then
13: Force-exit v;; begin unbonding for all delegators

14: end if
15: end procedure

4.3 Equivocation Detection

Definition 4 (Equivocation). Validator v; equivocates if it signs two conflicting blocks By # Ba
at the same height h:

Equivocation(v;, h) <= 3 Bi, By : By # Ba A Verify(pk;, B1,01) A Verify(pk;, Ba,02)  (5)



Equivocation is cryptographically provable: anyone holding both signed blocks can submit
them as evidence. The proof is non-interactive and verifiable on-chain.

4.4 Correlated Slashing

When multiple validators misbehave simultaneously, the penalty is amplified:

Definition 5 (Correlated Penalty). If k wvalidators are slashed within the same epoch, each
receives an additional penalty:

ZjEslashed wy (6)
wW/3
This quadratic penalty structure deters coordinated attacks: the cost of a coordinated equiv-

ocation involving 1/3 of stake is 3 x 5% = 15% per validator, making the attack economically
irrational.

Dcorrelated = Pbase min <37 1+

5 Reward Distribution

5.1 Per-Epoch Reward Calculation
The total reward pool for epoch ¢ is:

R, = Ry-a'- f(oy) + EP"O"Y (7)
where Ry is the base reward, e = 0.97 is the annual decay, f(o¢) adjusts for staking ratio, and

Ftpriority is total priority fees.

5.2 Individual Validator Reward

Algorithm 3 Epoch Reward Distribution
Require: Validator set V, epoch metrics
1: Weg < Ziev S?H - Uy

2: for each validator v; € V do

3: > Primary network reward
. eff
. primary s U
4: T — Rt Wo '
5: > Appchain rewards
6: for each appchain k € K; do
. Rk Sfff’ui,k
7. ruk < t . Wekﬂ»
8: end for
. total primary )
9: T =1, + >k Tik
10: > Commission split
11: T;:ommission — ¢ T};otal
del
12: T?elegators “ (1 o Ci) . T;otal . %
13 Tfelf “ thotal _ T;ielegators
14: > Distribute to delegators
15: for each delegator d € D; do
. delegators sy
16: Tg T S s
17: end for
18: end for

5.3 Uptime Measurement

Uptime is measured via heartbeat messages and consensus participation:



Definition 6 (Uptime Factor).
slots participated by v;

(8)

A slot counts as participated if v; responded to sampling queries or produced a block when selected.

U =
! total slots in epoch

Validators with u; < u™™ = 0.80 receive zero rewards for the epoch but are not slashed
(downtime slashing requires > 48 hours continuous absence).

5.4 Reward Compounding

Rewards are auto-staked by default, increasing the validator’s effective stake for subsequent
epochs:

Proposition 3 (Compound Yield). A wvalidator with initial stake so and constant yield y per
epoch has effective stake after T epochs:

ST = 80 * (1 + y)T (9)

At y = 0.02% per epoch (approximately 7.3% annual), a 10,000 LUX initial stake grows to
~ 10,756 LUX after one year (365 epochs).

6 Game-Theoretic Analysis

6.1 Validator Participation Game

We define the participation game I' = (N, {4;},{U;}) where:
e N ={1,...,N}: potential validators

o A; = {0} U[smin smax]: action space (stake 0 or > shin)

e U;: utility function
Definition 7 (Validator Utility).

self commission
Ui(siys—i) = r; *(8i,5-i) +7f (SiyS—4) — h; —  Si-Topp — Elslashi]
- ~~ ~~~ —— ————’
self-stake reward commission income hardware cost  opportunity cost  expected slashing
(10)

6.2 Honest Validation as Dominant Strategy

Theorem 4 (Incentive Compatibility). For a validator v; with s; < W/3, honest participation
18 a strictly dominant strategy when:

rfotal > hz + s; Topp + %gﬁc (Wattack — Pslash * Si * pdetect) (11)
where Taiack 1S the mazimum extractable value from any attack and pgetect is the detection prob-
ability.

total
)

Proof. The utility from honest behavior is UiH =r
Byzantine strategy is:

— h; — 8; - Topp. The utility from any

B total
UZ’ = Tz‘o &4+ Tlattack * (1 - pdetect) — Dslash * Si * Pdetect — hz — Si " Topp (12)

For equivocation, pgetect = 1 (cryptographically provable), so:

UB —UF = mytiack -0 —0.05 -5, <0 (13)

7

For coordinated attacks requiring > W/3 stake, v; alone (with s; < W/3) cannot mount
the attack. Collusion with others introduces the free-rider problem: each participant bears the
full slashing risk but shares the attack profit, making defection (honest behavior) individually
rational. O



6.3 Delegation Market Equilibrium

Theorem 5 (Delegation Equilibrium). In a market with n validators and M total delegatable
tokens, the equilibrium delegation allocation satisfies:

Ly B (1 —¢) -y

M Zj(l_cj)'uj

That 1s, delegation flows proportionally to the after-commission, uptime-adjusted return.

for delegators of v; (14)

Proof. A rational delegator maximizes expected return (1 — ¢;) - u; - R/W. In equilibrium,
all validators offer the same marginal return to delegators. If validator ¢ offers higher marginal
return, it attracts delegation until marginal returns equalize (diminishing returns from increased

w). 0

6.4 Entry and Exit Dynamics
Proposition 6 (Free Entry Equilibrium). The equilibrium number of validators n* satisfies:

n* = { fo e J (15)

av min |
hevs + Syal " Topp

where h*9 is the average hardware cost per epoch.

Proof. Entry occurs when U; > 0; exit occurs when U; < 0. At the margin, the least profitable
validator earns zero profit: commission income equals costs. With n validators each earning
approximately R;/n in base rewards, the marginal validator earns ¢™" - R;/n in commission.
Setting this equal to h 4 s™in . Topp and solving for n yields the result. O

val

7 Multi-Appchain Validator Economics

7.1 Appchain Validation Cost-Benefit

Validating additional appchains incurs marginal hardware costs but generates additional re-
wards:

Definition 8 (Appchain Validation Profit). The marginal profit of validator v; adding appchain
k is:
Aﬂi .= rg;];pcham _ hz@argmal (16)
) 1,
where h;n”gmal is the incremental hardware cost (CPU, storage, bandwidth) for running appchain
k’s VM.

Table 2: Estimated marginal costs and rewards for appchain validation.

Appchain Type Marginal Cost/epoch Reward/epoch Net Profit
EVM (light usage) 0.5 LUX 2.0 LUX  +1.5LUX
EVM (heavy usage) 2.0 LUX 8.0 LUX  +6.0 LUX
Custom VM (gaming) 3.0 LUX 5.0 LUX  +2.0 LUX
Custom VM (DeFi) 1.5 LUX 10.0 LUX  +8.5 LUX




7.2 Optimal Appchain Portfolio

Algorithm 4 Optimal Appchain Selection for Validator v;

Require: Available appchains K, hardware capacity H;"**
hmarginal (
k

1: Sort appchains by Am;j/ profit per cost)
2: Ki « 0; Hysed hprimary

3: for each appchain k in sorted order do

4 if Hyged + 2328 < H™ and Ay, > 0 then
5: K; < K, U {k} )

6 Hysea < Hused + hl];larglnal

7 end if

8: end for

9

: return C;

This is a variant of the fractional knapsack problem, solvable in O(|K|log |K|) time.

8 Decentralization Metrics

8.1 Nakamoto Coeflicient

Definition 9 (Nakamoto Coefficient). The Nakamoto coefficient NC is the minimum number of
validators whose combined stake exceeds W/3:

k
NC:min{l{::Zs;}Z) 2W/3} (17)

i=1
where 7w sorts validators by descending effective stake.

Proposition 7 (NC Lower Bound Under Stake Cap). With delegation multiplier w, NC >
[W/Bwsyar')]-

val

8.2 Gini Coefficient of Stake Distribution

Definition 10 (Stake Gini).
> i Z?:l |si — s;
2n Y " s

G = 0 indicates perfect equality; G = 1 indicates maximum concentration.

G = (18)

Target: G < 0.60 for a healthy validator set. The delegation cap ensures G cannot exceed
Gmax =1 —1/w = 0.93.

9 Simulation Results

9.1 Setup

We simulate 500 epochs with 5,000 potential validators, total stake 300M LUX, and 50 appchains
growing to 200.



Table 3: Simulation parameters.

Parameter Value Description

Potential validators 5,000 Maximum validator count
Total stake 300M LUX 60% of supply staked
smin 2,000 LUX Min self-stake

w 15 Delegation multiplier
cmin - pmax 5%, 25% Commission bounds
Hardware cost range 0.5-5.0 LUX /epoch  Varies by capacity
Opportunity cost ropp 5% annual  Alternative yield

9.2 Validator Count Convergence

The number of active validators converges to approximately 2,800 within 50 epochs, determined
by the free-entry equilibrium condition.

9.3 Commission Rate Distribution

Table 4: Commission rate distribution at epoch 500.
Commission Range Validators (%) Stake Share (%)

5.0%-7.5% 62 71
7.5%-10.0% 21 18
10.0%-15.0% 12 8
15.0%25.0% ) 3

As predicted by Theorem 2, most validators converge toward ¢™®, with higher commissions

sustained only by validators with superior uptime or exclusive appchain access.

9.4 Decentralization Metrics

Table 5: Decentralization metrics over simulation epochs.

Metric Epoch 1 Epoch 50 Epoch 200 Epoch 500
Active validators 500 2,800 2,750 2,700
Nakamoto coefficient 5 22 25 28
Gini coefficient 0.82 0.55 0.52 0.50
Top-10 stake share 45% 12% 10% 9%

The Nakamoto coefficient exceeds the target of 20 by epoch 50 and continues improving. The
Gini coeflicient falls well below the 0.60 threshold.

9.5 Slashing Impact Analysis

We simulate random equivocation events (1% of validators per 100 epochs):

10



Table 6: Slashing statistics over 500 epochs.

Metric Value
Total slashing events 127
Total LUX slashed 2,340,000
Average penalty per event 18,425 LUX
Validators permanently jailed 3

Delegator losses (avg per event) 0.02% of delegation

10 Validator Lifecycle Management

10.1 Registration and Activation

Algorithm 5 Validator Registration

procedure REGISTERVALIDATOR(operator, selfStake, blsKey, commission)
require selfStake > s\‘gln = 2,000 LUX
require commission € [c™iR cMax]
require BLS proof-of-possession for blsKey

1:
2
3
4
5: Lock selfStake in staking contract
6
7
8:

activationEpoch < ecurrent + 1
Add to pending validator queue
end procedure

10.2 Commission Rate Changes

Validators may adjust their commission rate with restrictions:

Definition 11 (Commission Change Rules). 1. Maximum increase: 2 percentage points per
epoch.

2. No decrease restriction (can lower freely).
3. Change takes effect after a I-epoch notice period.
4. Delegators are notified and can redelegate during the notice period.

This prevents validators from attracting delegators with low commissions and then suddenly
raising rates.

10.3 Voluntary Exit

Algorithm 6 Voluntary Validator Exit

1: procedure EXITVALIDATOR(validator v;)

2 Begin unbonding for all delegators of v;

3 Remove v; from active set at epoch ecurrent + 1
4: v;’s self-stake enters unbonding (Tunbona = 14 days)
5
6
7

Pending rewards distributed at epoch boundary
After Tunbong: release self-stake to operator
end procedure

11



10.4 Validator Rotation and Churn

Definition 12 (Churn Limit). At most maxChurn = max(4, |V|/64) validators can enter or exit
per epoch, preventing rapid validator set changes that could destabilize consensus.

Proposition 8 (Churn Safety). With churn limit C' and epoch length E blocks, the minimum
time for an adversary to accumulate 1/3 of stake through new validator registrations is:

Tiokeover = W(’j/g - E blocks (19)

For |V| =2,800, C =44, E = 8,640: T ~ 182,000 blocks (=~ 21 days).

10.5 Performance Scoring
Validators are scored on a composite metric used for delegation recommendations:
Definition 13 (Validator Performance Score).
Score; = 0.40 - u; + 0.25 - (1 — ¢; /™) + 0.20 - AppchainCoverage; + 0.15 - Tenure; (20)

where AppchainCoverage; = |KC;|/|K| and Tenure; = min(1, epochs active/365).

Table 7: Performance score distribution at epoch 500.
Score Range Validators Avg Stake (LUX) Avg Commission

0.90-1.00 420 185,000 5.2%
0.75-0.90 1,100 110,000 7.1%
0.50-0.75 850 65,000 10.8%
< 0.50 330 25,000 18.3%

11 Comparison with Other PoS Systems

Table 8: Validator economics comparison across PoS platforms.

Feature Lux Ethereum Cosmos Polkadot

Min self-stake 2,000 LUX 32 ETH Variable Variable

Delegation cap 15x self-stake None None Nominated
(pooled)

Commission 5-25% Pool-defined  0-100% 0-100%

range

Unbonding pe- 14 days Variable 21 days 28 days

riod

Slashing 5% >1 ETH 5% 100% (para)

(equivoc.)

Appchain  vali- Yes No ICS optional Parachain

dation fixed

12 Related Work

Saleh [1] proves that PoS eliminates the energy waste of PoW while maintaining security under
rational assumptions. Kiayias et al. [2] formalize the Ouroboros PoS protocol with provable
security guarantees. Fanti et al. [3] analyze compounding effects in PoS rewards.

12



Delegation mechanisms have been studied by Chitra [5], who examines MEV redistribution
to stakers, and by Neuder et al. [4], who identify low-cost attacks on Ethereum staking. The
game-theoretic framework draws on Biais et al. [6] and Huberman et al. |7].

13 Conclusion

We have presented a comprehensive economic framework for validators in the Lux Network with
the following properties:

1. Bounded delegation with a 15x multiplier cap ensures stake decentralization (Nakamoto
coefficient > 20).

2. Three-tier slashing with correlated penalties deters both individual and coordinated mis-
behavior.

3. Commission competition drives rates toward the 5% floor, maximizing delegator returns.

4. Multi-appchain validation creates diversified revenue streams, incentivizing broad network
coverage.

5. Game-theoretic analysis proves honest validation is a dominant strategy for all validators
below 1/3 stake.

Simulation results confirm convergence to healthy decentralization metrics and stable val-
idator economics within 50 epochs. The framework provides a foundation for the growing Lux
appchain ecosystem.

13.1 Future Directions
Several extensions are under active development:

Proposer-Builder Separation (PBS). Decoupling block proposal from block construction
reduces validator centralization pressure from MEV extraction. Under PBS, specialized
builders compete to construct the most valuable block, paying the proposer a bid. This
separates the MEV-extraction skill requirement from the validation role, lowering the
barrier to entry for validators.

Validator Reputation Scores. A public, on-chain reputation score aggregating uptime, pro-
posal correctness, and attestation timeliness would enable delegators to make informed
selection decisions. The score R, for validator v is computed as:

R, = wy - uptime, + wo - proposal _accuracy,, + ws - attestation_latencyqjl (21)

where (wy, w2, ws) = (0.4,0.3,0.3) are governance-tunable weights. Validators with R, <
0.5 are flagged in the Ul, and their commission rates are displayed with a warning.

Cross-Appchain Delegation. Currently, delegation is scoped to a single appchain. Cross-
appchain delegation would allow delegators to assign stake to a validator’s portfolio of
appchain memberships in a single transaction. The validator distributes the delegated
stake proportionally across appchains based on their advertised allocation weights, and
the delegator receives a composite reward reflecting the blended yield.

Minimum Viable Decentralization (MVD). A governance-enforced constraint requiring at

least Npin = 50 distinct validators for the primary network and NI(I‘;)H = 10 for each ap-
pchain. If an appchain’s validator count drops below MVD for more than 100 epochs,
the appchain enters a restricted mode where no new user transactions are accepted until

additional validators join, ensuring liveness and censorship resistance.

13



Adaptive Minimum Stake. The current fixed minimum stake s™ = 2,000 LUX may become
inaccessible as token price appreciates. An adaptive minimum adjusts quarterly based on
the 90-day volume-weighted average price:

. USD
s () = max <500, target >

VWAPoo (1) (22)

where USDiarget = $10,000 is the target minimum stake in fiat terms. This preserves
accessibility while maintaining a meaningful economic commitment. The floor of 500 LUX
prevents the minimum from becoming trivially small during price spikes.

Validator Insurance Pools. Voluntary insurance pools where validators collectively insure
against slashing losses. Pool members contribute a fraction of their rewards to a shared
reserve. When a member is slashed, the pool covers a portion of the penalty (up to 50%),
reducing the individual downside risk of validation. The insurance premium is actuarially
determined based on the pool’s historical slashing rate and reserve ratio. This encourages
smaller validators to participate by reducing the catastrophic risk of a single slashing event.

Validator Key Rotation. A protocol-level mechanism for rotating validator consensus keys
without unstaking. The validator submits a signed key rotation transaction containing
the new BLS public key, authenticated by the current key. After a 2-epoch confirmation
window, the new key becomes active. This enables proactive key hygiene and incident
response without the economic disruption of unbonding and re-staking, which would oth-
erwise require a 14-day waiting period.

Validator Exit Queuing. When multiple validators attempt to exit simultaneously, the pro-
tocol enforces a churn limit of max(4,|V|/64) exits per epoch. This prevents sudden drops
in staked weight that could compromise consensus security. Validators in the exit queue
continue earning rewards (at 50% rate) while awaiting processing, reducing the economic
cost of queuing. The exit queue is processed in FIFO order, with priority given to validators
that have been active for the longest duration.

Delegation Marketplace. A transparent, on-chain marketplace where validators advertise
their commission rates, uptime guarantees, and appchain memberships. Delegators can
compare validators on standardized metrics and delegate with a single transaction. The
marketplace aggregates historical performance data and computes risk-adjusted yield es-
timates, enabling informed delegation decisions.

Validator Hardware Attestation. Validators optionally submit hardware attestations via
Trusted Execution Environment (TEE) reports, proving they meet minimum hardware re-
quirements (CPU, RAM, disk IOPS, bandwidth). Attested validators receive a 5% reward
bonus, incentivizing infrastructure quality. The attestation mechanism uses Intel SGX or
ARM TrustZone remote attestation, verified on-chain via a lightweight attestation pre-
compile.

These extensions are designed to be backward-compatible with the existing validator eco-
nomics framework, requiring only governance-approved parameter additions rather than protocol-
level hard forks. The implementation priority is determined by community governance, with
PBS and reputation scores targeted for the next network upgrade, and the remaining proposals
scheduled for subsequent releases pending further specification and community review.

14



13.2 Summary of Economic Parameters

Table 9: Complete validator economics parameter summary.

Parameter Symbol Value
Minimum self-stake smin 2,000 LUX
Maximum delegation multiplier M 15x
Commission floor cmin 5%
Commission ceiling cmax 25%
Tier-1 slashing (liveness) (03 0.1%
Tier-2 slashing (safety) o 5%
Tier-3 slashing (correlated) 3 up to 33%
Unbonding period Ty 14 days
Epoch length — 8 hours
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