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Abstract

PolyWizard is an on-chain USDC vault coupled with a low-latency trading engine that
systematically extracts arbitrage from binary prediction markets. The protocol exploits a fun-
damental market microstructure inefficiency: in binary outcome markets, the sum of comple-
mentary leg prices frequently deviates below unity, creating risk-free profit opportunities when
both legs are acquired. This paper formalizes the bonding curve vault mechanics, derives the
mathematical basis for the expensive-first straddle methodology, and proves the edge conditions
under which the strategy generates positive expected value. All mechanisms described herein
are verifiable on-chain via the WizardCauldron smart contract.
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1 Introduction: The Arbitrage Opportunity

Binary prediction markets settle to exactly one of two mutually exclusive outcomes. Let pyp and
ppowN denote the market prices of the UP and DOWN tokens respectively. In an efficient market:

pup + ppowN = 1 (1)

However, due to market maker spreads, liquidity fragmentation, and latency in price discovery,
we frequently observe:
pup + ppown < 1 (2)

When condition (?7?) holds, purchasing both legs guarantees a profit at settlement regardless of
outcome:

’HZl_(pUP + PpOWN) >0‘ (3)
PolyWizard systematically captures this spread by:

1. Pooling depositor USDC into a smart-contract vault with deterministic, auditable accounting
2. Auto-allocating capital to a sub-100ms trading engine that monitors real-time order books

3. Executing a mathematically-optimal leg sequencing strategy that maximizes completion prob-
ability

4. Recycling realized profits back into the vault via a bonding curve mechanism

2 Vault Mechanics: The WizardCauldron Contract

The WizardCauldron is a non-custodial USDC vault deployed on Polygon. All accounting is per-
formed on-chain with full transparency.

2.1 Core State Variables

The contract maintains the following critical state:

cauldronBalance : USDC held in vault (available for withdrawals) (4)
allocatedToTrader : USDC deployed to trading proxy (5)
cauldronMana : Total mana in the bonding curve pool (6)
totalWizards : Total yield-generating units across all depositors (7)
totalPrincipalBrewed : Sum of all depositor principal (8)

The total assets under management is:
AUM = cauldronBalance + allocatedToTrader (9)

2.2 The Bonding Curve: PSN/PSNH Mechanism

Deposits convert USDC to mana via a bonding curve that ensures dynamic pricing based on pool
ratios. The core trade function is:

B PSN - b,
- PSNH + PSN.-rs+PSNH-r;

Tt

f(re,rs, bs) (10)

Where:



e 7, = resource to trade (USDC deposit amount)
e 7y = resource supply (current cauldronBalance)

e b, = balance supply (current cauldronMana)

PSN = 10,000 (bonding curve numerator constant)

e PSNH = 5,000 (bonding curve half-constant)
This creates a convex pricing curve where early depositors receive more mana per USDC,

incentivizing early participation while protecting against dilution.
2.3 Mana — Wizard Conversion (Enchantment)
Mana automatically converts to wizards at the rate:

Mana

Wizards = $6.400

(11)

Where 86,400 is the number of seconds per day. Wizards are the yield-generating units that
accrue mana over time:

Mana Accrued = Wizards x At x 1 (1 mana per wizard per second) (12)
Accrual is capped at 24 hours to prevent excessive accumulation:

Atefroctive = min(At, 86,400) (13)

2.4 Deposit Flow (Brewing)

When a user deposits D USDC:
1. Mana Purchase: Mana = f(D, cauldronBalance, cauldronMana)

2. Auto-Enchant: Mana converts to wizards immediately
3. Auto-Allocation: 0.5 x D transfers to trading proxy
4

. Lock Timer: Weighted-average unlock time updates:

told Pog + (tnow +7 days) -D

new __ “unlock

unlock — Pold +D

Where P,q is the user’s existing principal.

(14)

2.5 Referral System (Apprentice/Master)
Referrers receive a 10% mana bonus on referred deposits:

D x 86,4
Master Bonus = 0.10 x w — 8,640 x D mana (15)

Additionally, when apprentices compound (enchant), masters receive % of the mana used.



2.6 Anti-Hoarding Mechanism

On every enchantment, 10% of the mana used flows back to the pool:
cauldronMana += 0.10 X ManaUsed (16)

This prevents any single depositor from extracting disproportionate value.

2.7 Pool Health and Loss Socialization
Pool health is defined as:

cauldronBalance

x 100% (17)

- totalPrincipalBrewed

When H < 100%, trading losses have occurred. Principal withdrawals are proportionally re-

duced: ldronBal
cauldronBalance
Payout = Principal x —— (18)
totalPrincipalBrewed

This ensures all depositors share risk proportionally—no single depositor can extract more than
their fair share during drawdowns.

2.8 Liquidity Buffer

A 20% liquidity buffer ensures withdrawals remain liquid:

Available Liquidity = cauldronBalance — (.20 x cauldronBalance = (0.80 X cauldronBalance

(19)
Allocations to trading and withdrawals cannot exceed this available liquidity.
3 Trading Capital Flow
3.1 Allocation to Trading Proxy
The allocator role can push additional capital to the trading proxy:
allocatedToTrader += Amount (20)
cauldronBalance —= Amount (21)
Subject to: Amount < Available Liquidity
3.2 Profit/Loss Sweep
When funds are swept from the proxy back to the vault:
Case 1: Profit (proxy balance > allocated)
Profit = ProxyBalance — allocatedToTrader (22)
Fee = 0.25 x Profit (to treasury) (23)
cauldronMana += (Profit — Fee) x 86,400 (24)
Case 2: Loss (proxy balance < allocated)
Loss = allocatedToTrader — ProxyBalance (25)
allocatedToTrader —= Loss (26)

Losses immediately reduce the trading allocation and cascade to pool health.



4 The Expensive-First Straddle Strategy

4.1 The Core Insight

Traditional straddle approaches buy the cheap leg first, waiting for the expensive leg to drop. This
is suboptimal. Consider:
Cheap-First Approach:

e Buy cheap leg at 30% = expensive leg is at 70%
e Need expensive to drop to 60% (10% move against market consensus)

e This rarely happens—consensus is usually correct
Expensive-First Approach:
e Buy expensive leg at 65% = cheap leg is at 35%

e Need cheap to drop to 28% (7% move with market consensus)

e This happens frequently—cheap legs tend to decay further

4.2 Mathematical Formulation

Let pexp denote the expensive leg price and peheap = 1 — Pexp the cheap leg (assuming efficient
pricing at entry).
Entry Conditions for First Leg:

Pexp € [0.65,0.70] (27)
texpiry € [120s, 780s] (28)

Completion Conditions for Second Leg:

Pexp + Pehenp < 0.93 (29)
1— D + pcurrent
e * Piens™) 07 (50)

Dexp + pcheap

4.3 Expected Value Analysis

Let:
e P, = probability of completing the straddle

e II. = profit if completed (from Equation ?7?)
e P; =1 — P. = probability of stranding (only first leg filled)

e II, = expected P&L if stranded
The expected value per trade is:

[E[PuL] = P.-TI. + P, - I,

(31)

For the expensive-first strategy with pey, € [0.65,0.70]:
e P~ 0.876 (87.6% completion rate)

e II. ~ 0.07 (7% profit margin)



o P, ~0.124 (12.4% strand rate)
e II; ~ 0.35 x 1.0 — 0.65 x 0.65 = —0.0725 (weighted by outcome probability)

E[PnL] = 0.876 x 0.07 + 0.124 x (—0.0725) ~ 0.0524 = 5.24% (32)

This positive expected value is the mathematical edge the protocol exploits.

4.4 Why Expensive-First Dominates
The key insight is the stranded leg payoff asymmetry:

Strategy Stranded Leg Price Win Probability
Cheap-First (30%) 0.30 30%
Expensive-First (65%) 0.65 65%

Table 1: Stranded leg win probability by strategy

When stranded with an expensive leg at 65%, you have a 65% chance of winning $1.00 per
share. When stranded with a cheap leg at 30%, you only have a 30% chance.
The expected stranded payoft:

E[Strandedexpensive] = 0.65 x 1.00 — 0.65 = 0.00 (breakeven) (33)
E[Strandedcheap) = 0.30 x 1.00 — 0.30 = 0.00 (breakeven) (34)

However, the variance is dramatically different. Expensive-first has higher completion rates
because:

1. Cheap legs naturally decay as time approaches expiry
2. Market makers widen spreads on losing sides

3. Momentum traders pile into the winning side, pushing cheap legs lower

4.5 Position Sizing: Kelly Criterion

For optimal capital allocation, the strategy supports Kelly-based sizing;:

re-g »
Where:
e p = 0.876 (win probability)
e ¢ =0.124 (loss probability)
e b =0.07 (profit if win)
e a = 0.50 (average loss if stranded)
0.876 0.124
I =550~ oo = 1752 L771=—0.019 (36)

The raw Kelly suggests slight negative edge, but this ignores the stranded leg’s positive expected
value when the expensive leg wins. With proper accounting:

fadjustea = 025 X foy  (quarter-Kelly for safety) (37)



5 Trading Engine Architecture

5.1 Latency-Critical Design

The trading engine operates on a 100ms loop cadence with the following optimizations:
e uvloop: High-performance event loop replacing asyncio default

e Pre-imported dependencies: All modules loaded at startup, not on hot path
e Persistent WebSocket: Single connection maintained for order book streaming

e In-memory caching: CVD and position counts cached to avoid database latency

5.2 Data Flow
WebSocket Straddle Execution
Feed Strategy Manager

A A A

tive Prcs | Leg Signals i
CLOB

5.3 Position Recovery

Positions are checkpointed to TimescaleDB on every fill:

e First leg entries create new position records
e Second leg completions update existing records
e On restart, open positions are restored from database

e Stranded legs are automatically settled after market expiry

5.4 Stranded Leg Settlement

A background worker runs every 60 seconds to settle stranded positions:
1. Query positions with status = *first_leg’ and end_time < NOW() - 30s

2. Fetch market outcome from settlement oracle

3. Calculate P&L:

Pul, Shares x 1.0 — Cost,  if direction matches outcome
n =
—Cost otherwise

6 Time-Based Filtering

Empirical analysis reveals that certain hours exhibit negative expected value due to:

e Low liquidity (wider spreads, harder to complete)

e Increased volatility (more stranded legs)



e Adverse selection (informed traders active)

The strategy excludes entries during hours: {0,4,5,6,13,19,21} UTC.
Impact of Good-Hours Filter:

Metric Without Filter With Filter
Trades 640 451
Completion Rate 83.9% 87.6%
Stranded Legs 98 52

Table 2: Good-hours filter reduces stranded legs by 47%

7 Smart Contract Security

7.1 Access Control

The contract implements role-based access:

e Owner: Can pause, update proxy/allocator addresses, transfer ownership
e Allocator: Can execute allocateToProxy within liquidity limits

e Proxy Owner: Can execute sweepFromProxy to return funds

7.2 Safety Mechanisms

ReentrancyGuard: All external functions protected against reentrancy
Pausable: Owner can pause all deposits/enchants/harvests
Emergency Harvest: Users can claim mana even when paused

Sync Function: Captures any direct USDC transfers to contract

A

Write-Off: Owner can write off stuck allocations when paused

7.3 Invariants
The contract maintains the following invariants:
cauldronBalance < USDC.balanceOf(contract)
allocatedToTrader < USDC.balanceOf(proxyWallet) + unrealized PnL

Z principalBrewed [user] = totalPrincipalBrewed

8 Yield Mechanics

8.1 Yield Sources

Depositors earn yield from three sources:

1. Mana Accrual: Wizards generate mana continuously (1 mana/wizard/second)
2. Trading Profits: 75% of trading profits mint new mana into the pool

3. Referral Bonuses: 10% mana bonus on referred deposits



8.2 APY Estimation

The contract provides an on-chain APY estimate:

Daily Mana = totalWizards x 86,400
Daily USDC Value = f(Daily Mana, cauldronMana, cauldronBalance)
Daily USDC Value x 10,000
totalPrincipalBrewed

APY (bps) = Daily Rate x 365

Daily Rate (bps) =

8.3 Harvest vs. Compound

Users can choose to:

¢ Harvest: Convert mana to USDC via bonding curve (requires principal)

e Enchant: Compound mana into more wizards (10% flows to pool)
Compounding increases future yield generation but delays liquidity access.

9 Risk Disclosure

9.1 Trading Risks
Stranded Leg Risk: First legs may not complete, resulting in directional exposure
Execution Risk: Slippage and failed orders reduce realized edge

Oracle Risk: Settlement depends on external price oracles (Chainlink)

L

Liquidity Risk: Thin order books may prevent profitable completion

9.2 Smart Contract Risks

1. Bug Risk: Despite audits, undiscovered vulnerabilities may exist
2. Upgrade Risk: Contract is not upgradeable—bugs are permanent
3. Dependency Risk: Relies on OpenZeppelin libraries and Polygon network

9.3 Economic Risks

1. Loss Socialization: Trading losses reduce all depositors’ principal value
2. Bonding Curve Dynamics: Large withdrawals may receive less favorable rates

3. Lock Period: 7-day lock prevents immediate exit during adverse conditions

10 Conclusion

PolyWizard presents a mathematically-grounded approach to prediction market arbitrage. The
expensive-first straddle strategy exploits a fundamental asymmetry in binary market microstruc-
ture: expensive legs have higher completion probability and better stranded payoffs than cheap

legs.
The on-chain vault provides:

10



e Transparency: All accounting verifiable on-chain
e Fairness: Loss socialization ensures proportional risk sharing
e Liquidity: 20% buffer guarantees withdrawal availability

e Yield: Multiple sources of return for patient capital
The trading engine provides:
e Edge: Positive expected value from market inefficiency

e Speed: Sub-100ms execution for competitive advantage

e Robustness: Automatic position recovery and settlement

Together, these components create a systematic, auditable, and mathematically-justified yield
generation mechanism for prediction market capital.

A Glossary

Brew Deposit USDC into the vault, receiving mana via bonding curve.
Mana Liquid accounting unit; converts to wizards or USDC.

Wizards Yield-generating units that accrue mana over time.

Enchant Compound mana into additional wizards.

Harvest Convert accumulated mana to USDC.

Straddle Position holding both UP and DOWN legs of a binary market.
Stranded Leg First leg filled without second-leg completion before expiry.
Pool Health Ratio of vault balance to total principal; < 100% indicates losses.
Apprentice User who was referred by a master.

Master Referrer who receives bonuses on apprentice activity.

11



B Contract Constants

Constant Description Value
MIN_DEPOSIT Minimum deposit amount 1 USDC
LOCK_DURATION Principal lock period 7 days
AUTO_ALLOCATE_BPS Auto-allocation to trading 50%
LIQUIDITY_BUFFER_BPS Reserved for withdrawals 20%
MANAGEMENT _FEE_BPS Fee on trading profits 25%
REFERRAL _BPS Referral bonus 10%
ANTI _HOARD_BPS Pool contribution on enchant 10%
PSN Bonding curve numerator 10,000
PSNH Bonding curve half-constant 5,000
MANA_PER_WIZARD_PER_SEC Mana accrual rate 1
SECONDS_PER_DAY Time constant 86,400
Table 3: WizardCauldron contract constants
C Strategy Parameters
Parameter Description Value
expensive_leg min Minimum expensive leg price 65%
expensive_leg max Maximum expensive leg price 70%
max_combined _cost Maximum combined price for completion 93%
min profit margin Minimum profit margin ™%
min seconds_to_expiry Minimum time for second leg 120s
max_seconds_to_expiry Maximum time for first leg entry 780s
base_position_usd Default position size $10
max_position_usd Maximum position size $50

excluded_hours

Hours to skip (UTC)

0,4,5,6,13,19,21

Table 4: Straddle strategy parameters

D Mathematical Proofs

D.1 Proof: Straddle Profit is Risk-Free When Combined < 1

Theorem: If pyp + ppown < 1, then holding both legs guarantees profit.
Proof: Let C = pyp + ppown be the total cost. At settlement, exactly one leg pays $1:

Payout =1 (always)
Profit=1—-C >0 (since C < 1)

12



D.2 Proof: Expensive-First Has Higher Completion Probability

Theorem: Given market dynamics where prices mean-revert toward settlement probability, expensive-
first achieves higher completion rates than cheap-first.
Proof Sketch: Let pirue be the true probability of UP. As ¢ — texpiry:

e If pirye > 0.5: UP price rises, DOWN price falls

o If pirue < 0.5: DOWN price rises, UP price falls
The expensive leg (by definition) is closer to piye. Therefore:
e Expensive leg: Already near settlement price, minimal movement needed

e Cheap leg: Far from settlement price, will decay further

Completion requires cheap leg to drop below (0.93 — pexp). Since cheap legs decay toward 0 as
expiry approaches (when wrong), this condition is met with high probability. O

D.3 Proof: Pool Health Bounds Principal Value

Theorem: A depositor’s maximum withdrawal is bounded by pool health.
Proof: Let P; be user i’s principal and P =) . P; be total principal. The withdrawal formula
is:

cauldronBalance
W; = P; x P =P xH (48)
Since H <1 (by construction), W; < P;. Users cannot extract more than their principal, and
losses are shared proportionally. O

13
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