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What Will You Be Able to Do After This Lecture?

1 Compare ERC-20, ERC-721, ERC-1400, and ERC-3643 and select the correct standard for a given asset
2 Derive fractional ownership mathematics: pro-rata claims, dilution, and voting power
3 Apply the Longstaff illiquidity discount model and quantify the liquidity premium
4 Formalize the constant product AMM and compute price impact for tokenized asset trades
5 Evaluate the Walrasian auction equilibrium model for price discovery in thin markets
6 Classify tokenized security regulations using the Howey test and jurisdictional frameworks

Six objectives: token taxonomy (1), ownership mathematics (2), illiquidity modelling (3), AMM microstructure (4), price discovery (5), regulatory
compliance (6). Eleven charts and four code examples.
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“Everything is going on-chain!”

TOKEN CERTIFICATE
Asset: Zurich Office Block

Fraction: 0.0001%
Yield rights: Yes
Governance: Yes
Liquidity: ???

Exit: Subject to market
conditions and regulatory

approval

“But how do I actually sell this?”

Tokenization creates fractional ownership. It does not automatically create liquidity.
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Does the Quantity Theory of Money Apply to Token Economies?

Fisher Equation of Exchange adapted for token economies:

M · V = P · Q

where M = token supply, V = velocity (transactions per token per period), P = average transaction price, Q = real transaction volume.
Token supply dynamics. Smart contracts often cap or schedule supply:

M(t) = M0 · (1 − e−λt) (exponential release)

M(t) = min
(
M0 + g · t, Mmax

)
(linear with cap)

Velocity problem. High V keeps P low despite growing Q:

P =
M · V
Q

⇒
∂P

∂V
=

M

Q
> 0

Staking and lock-up mechanisms reduce V , increasing token price.
Governance token premium. Tokens with cash-flow rights command a DCF premium over pure utility tokens:

Pgov = Putility +
∞∑
t=1

dt

(1 + r)t

where dt = dividend or fee share per token in period t.

MV=PQ for tokens: high velocity suppresses price. Staking reduces velocity. Security tokens add a DCF premium over utility tokens – this is the economic
argument for ERC-1400.
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Which Token Standard Is Right – and What Are You Sacrificing?
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Token Standard Feature Comparison: ERC-20 to ERC-3643

Token Standard
ERC-20
ERC-721
ERC-1155
ERC-1400
ERC-3643

Scores are illustrative relative capability ratings; darker shade = strong, lighter = weak.

Standard selection trade-offs:

• ERC-20: maximum composability and transferability, zero
compliance – best for utility tokens

• ERC-721: unique metadata and provenance, weak divisibility
– best for art and real estate certificates

• ERC-1155: hybrid fungible/non-fungible, good
composability – best for commodity batches

• ERC-1400: built-in transfer restrictions and partitions – the
regulatory minimum for securities

• ERC-3643: identity-linked compliance (T-REX protocol) –
institutional-grade KYC enforcement

No standard dominates on all axes. Compliance and composability
trade off directly.

Token standard selection is a values choice: ERC-20 maximises composability; ERC-3643 maximises compliance. The choice signals whether the issuer
prioritises DeFi integration or regulatory defensibility.
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Can You Simulate an ERC-20 Token: Balances, Transfer, and Allowance?

1 # ERC-20 token simulation: balances, transfer, allowance

2 class ERC20:

3 def __init__(self, supply, owner):

4 self.balances = {owner: supply}

5 self.allowances = {} # {(owner, spender): amount}

6 self.total = supply

7
8 def transfer(self, frm, to, amount):

9 assert self.balances.get(frm, 0) >= amount, "Insufficient"

10 self.balances[frm] = self.balances.get(frm, 0) - amount

11 self.balances[to] = self.balances.get(to, 0) + amount

12
13 def approve(self, owner, spender, amount):

14 self.allowances[(owner, spender)] = amount

15
16 def transfer_from(self, owner, spender, to, amount):

17 allowed = self.allowances.get((owner, spender), 0)

18 assert allowed >= amount, "Allowance exceeded"

19 self.allowances[(owner, spender)] -= amount

20 self.transfer(owner, to, amount)

21
22 tok = ERC20(1_000_000, "Alice")

23 tok.approve("Alice", "Uniswap", 50_000)

24 tok.transfer_from("Alice", "Uniswap", "Bob", 25_000)

25 print(tok.balances) # Alice: 975000, Bob: 25000

ERC-20 is 200 lines of Solidity. This Python model captures the three core invariants: balance conservation, allowance enforcement, and monotone total

supply.
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How Much Does Tokenization Lower the Minimum Investment Threshold?

$10 $100 $1K $10K $100K $1M
Investment Minimum (USD, log scale)
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Art

Bonds

Commodities
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188x
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Fractional Ownership: Tokenization Dramatically Lowers Investment Minimums

Investment Type
Traditional
Tokenized

Each dot represents a market observation. Median lines shown. Log scale.

Democratisation via fractionation:

• Real estate: $50 000 minimum → $100 – a 500× reduction
• Private equity: $250 000 minimum → $500 – a 500×

reduction
• Art: $20 000 minimum → $50 – a 400× reduction
• Hedge funds: $500 000 minimum → $1 000 – a 500×

reduction

Key caveat: lowering the investment minimum does not create a
secondary market. An investor holding $100 of a tokenized office
block still needs a buyer.

Tokenization democratises access but not liquidity. The dot strip shows 400–500x reductions in minimum investment. But market depth (the number of
buyers at any price) is a separate problem.
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What Are the Formal Rights of a Fractional Token Holder?

Setup. An asset valued at V is divided into N equal tokens. A holder with n tokens owns fraction α = n/N.
Pro-rata cash-flow claim. If the asset distributes cash flow CFt in period t:

CFt,α = α · CFt =
n

N
· CFt

Dilution from new issuance. If ∆N new tokens are issued at price pnew against asset value Vnew:

α
′ =

n

N + ∆N
, ∆α = α

′ − α = −
n · ∆N

N(N + ∆N)

Dilution is anti-dilutive when pnew ≥ V/N (new tokens priced at or above NAV per token).
Voting power. In token-weighted governance with quorum Q (fraction of supply):

decisive ⇐⇒ α > Q − (others’ aligned fraction) ≈ Q/2

A holder with α < Q/2 cannot pass resolutions unilaterally – requires coalition.
Liquidation priority. If senior debt D exists, residual equity per token:

Residualα = α · max(V − D, 0)

Fractional ownership is rigorous: pro-rata cash flows, dilution protection, and governance weight all follow from α = n/N. The senior debt residual formula
is why tokenized real estate often uses SPV structures.
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What Decision Tree Should a Token Issuer Follow to Select the Right Standard?

Step 1: Is the asset a security?

• If yes (passes Howey test) → proceed to Step 2
• If no (utility or payment token) → ERC-20 or ERC-1155 sufficient

Step 2: Is identity verification required?

• If yes (accredited investors only) → ERC-3643 (T-REX, on-chain
KYC registry)

• If no (bearer instrument) → ERC-1400 with transfer restrictions

Step 3: Is the asset fungible?

• If yes (bonds, fund shares) → ERC-1400 partitions
• If no (unique property) → ERC-721 + legal wrapper (SPV)

Step 4: Is DeFi composability needed?

• If yes → ERC-20 wrapper around ERC-1400 core
• If no → pure ERC-1400 / ERC-3643

Standard summary table:

Standard Compliance Composability

ERC-20 None Very High
ERC-721 Low Medium
ERC-1155 Low High
ERC-1400 High Low
ERC-3643 Highest Very Low

Key insight: compliance and composability are inversely correlated.
Institutional-grade tokenized securities sacrifice DeFi integration to satisfy
regulatory requirements.

Emerging workaround: “wrapped” security tokens – a compliant ERC-3643
core with a permissioned ERC-20 wrapper for whitelisted DeFi protocols.

The decision tree reduces to two key questions: Is it a security? Is DeFi composability needed? These two answers almost fully determine the correct
standard.
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Which Asset Classes Remain Illiquid Even After Tokenization?
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Depth represents cumulative order volume at each price tier. Illustrative data.

Liquidity hierarchy under stress:

• US Treasuries: 8 bp spread even under stress – liquid in all
conditions

• Corp Bonds: 95 bp under stress – tokenisation helps normal
conditions

• Real Estate: 280 bp under stress – tokenisation narrows but
does not close gap

• Private Credit: 450 bp under stress – deep illiquidity
premium persists

• Art: 800 bp under stress – tokenisation provides minimal
liquidity gain

Key insight: tokenisation most benefits assets with moderate
illiquidity (corp bonds, commodities). Deeply illiquid assets remain
illiquid because the problem is fundamental, not operational.

Tokenisation reduces bid-ask spreads by 30–60 percent in normal conditions. But it cannot solve fundamental illiquidity – real estate and art remain illiquid
because the underlying asset is indivisible in use.
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How Do You Split a Real Estate Asset into 10,000 Tradeable Tokens?

1 # Fractional ownership splitter with pro-rata distribution

2 class FractionalAsset:

3 def __init__(self, asset_id, value_usd, total_tokens):

4 self.asset_id = asset_id

5 self.value = value_usd

6 self.total = total_tokens

7 self.holders = {} # address -> token count

8 self.distributions = []

9
10 def issue(self, address, amount):

11 self.holders[address] = self.holders.get(address, 0) + amount

12
13 def distribute(self, cash_flow):

14 """Pro-rata cash-flow distribution."""

15 per_token = cash_flow / self.total

16 payments = {}

17 for addr, tokens in self.holders.items():

18 payments[addr] = round(tokens * per_token, 2)

19 self.distributions.append({’cf’: cash_flow, ’payments’: payments})

20 return payments

21
22 asset = FractionalAsset("ZRCH-OFFICE-01", 50_000_000, 10_000)

23 asset.issue("Alice", 100); asset.issue("Bob", 50)

24 print(asset.distribute(50_000)) # Alice: 500.0, Bob: 250.0

10,000 tokens on a $50M office block: each token = $5,000 NAV, $5 per token per $50,000 distribution. The code enforces pro-rata mechanics without a

custodian.
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How Much Is Illiquidity Worth – and What Does the Longstaff Model Predict?

Longstaff (2001) model. An investor holds an illiquid asset that cannot be sold for T periods. Let µ = drift, σ = volatility, r = risk-free
rate.
Key result. The maximum illiquidity discount ∆ is:

∆ ≤ 1 − e−
1
2
(µ−r)2T/σ2

Calibration for real estate. With µ − r = 3%, σ = 12%, T = 1 year:

∆ ≤ 1 − e−
1
2
(0.03)2/(0.12)2 = 1 − e−0.0313 ≈ 3.1%

Generalised discount schedule. Over lock-up horizon T months:

∆(T ) = 28% ·
(
1 − e−T/18) (calibrated to private real estate data)

Tokenisation premium. If tokenisation reduces effective lock-up from Ttrad to Ttok:

Value created = ∆(Ttrad) − ∆(Ttok) = illiquidity premium released

Longstaff (2001) derives a rigorous upper bound on illiquidity discount. Real estate at 30-day lock-up trades at ∼13% discount; tokenisation reducing
lock-up to 1 day releases ∼10 percentage points of value.
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Where Does the Money Go? Anatomy of Tokenization Fees
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Tokenized Asset Fee Decomposition by Asset Class

Fee Layer
Issuance
Custody
Compliance

Trading
Settlement

1 basis point = 0.01%. Illustrative fee estimates; actual costs vary by platform.

Fee layer breakdown:

• Issuance: 25–120 bp – structuring, legal opinion, SPV setup;
highest for illiquid assets

• Custody: 12–40 bp – on-chain key management, asset
servicing

• Compliance: 15–60 bp – ongoing KYC/AML, whitelist
maintenance, regulatory reporting

• Trading: 8–25 bp – exchange or OTC desk fees
• Settlement: 4–12 bp – blockchain gas + custodian T+0

processing

Implication: total annual cost of ownership ranges from 54 bp
(commodities) to 247 bp (art). Traditional mutual funds charge
15–150 bp – tokenisation is not always cheaper.

Tokenisation is not free: total fees range 54–247 bp annually. The technology eliminates settlement costs but adds compliance and custody overhead. Net
saving depends on asset class.
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Which Jurisdictions Have a Workable Regulatory Framework for Tokenized Securities?
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Tokenized Securities Regulatory Landscape by Country

Regulatory Status
Approved / Clear
Pending / Developing
Restrictive / Unclear

A=Approved, P=Pending, R=Restrictive. Illustrative status as of 2025; verify current regulations.

Regulatory maturity landscape:

• Leaders (Switzerland, Singapore, HK): full approval across
all five dimensions – first-mover advantage in custody and
trading

• Developing (EU, Japan, UAE): clear legal framework but
pending custody rules or tax treatment

• Lagging (US, Brazil): restrictive classification creates
fragmented issuance via Reg D / Reg S exemptions

Key bottleneck: tax treatment is the most common pending
dimension. Without clarity, institutional investors cannot book
tokenised assets correctly on their balance sheets.

The regulatory patchwork is the single biggest barrier to institutional adoption. Switzerland and Singapore lead because they issued bespoke DLT
legislation – they did not try to fit tokens into existing securities law.
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What Legal Structure Sits Between the Token and the Physical Asset?

Architecture 1: SPV (Special Purpose Vehicle)

• SPV holds the asset; tokens represent SPV shares
• Pros: bankruptcy-remote; tax transparent; well-understood by lawyers
• Cons: expensive ($100k+ legal); separate SPV per asset; double layer

of governance
• Best for: large real estate, infrastructure ($5M+)

Architecture 2: Trust

• Trustee holds legal title; beneficiaries are token holders
• Pros: fiduciary duties enforceable; cleaner for bonds
• Cons: trust law varies by jurisdiction; limited DeFi compatibility
• Best for: tokenised bonds and fund interests

Architecture 3: Direct On-Chain Title

• Land registry or securities register updated to recognise on-chain
record

• Pros: no legal intermediary; lower cost; true T+0 settlement
• Cons: requires legislative change; only viable in Switzerland (DLT Act

2021), Liechtenstein, Singapore
• Best for: sovereign-supported projects

Architecture 4: Mirror Token

• Off-chain register is authoritative; blockchain is a mirror
• Pros: regulatory safety; easy to upgrade
• Cons: blockchain adds cost but not legal authority; not truly trustless
• Risk: if off-chain and on-chain diverge, which controls?

Architecture choice is a legal, not technical, decision. SPV is the workhorse for large assets. Direct on-chain title is the ideal but requires specific DLT
legislation that only a handful of jurisdictions have passed.
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How Fast Is the Real-World Asset Tokenisation Market Growing?
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Tokenized Real-World Assets: Volume by Asset Class (2020 2025)

Asset Class
Private Equity
Art
Commodities
Bonds
Real Estate

Illustrative projections based on World Economic Forum, BCG, and industry reports.

Market growth trajectory:

• 2019–2021: below $1B – proof-of-concept projects only
• 2022–2023: $1–5B – institutional pilots (BlackRock,

JPMorgan, Franklin Templeton)
• 2024: $5–15B – first real-money deployments at scale
• Projection: $10–16T by 2030 (BCG / WEF consensus

forecast)

Key catalyst: BlackRock’s BUIDL fund ($500M in tokenised US
Treasuries, 2024) signalled institutional validation – the same effect
as BlackRock’s Bitcoin ETF approval.

RWA tokenisation crossed $5B in 2024 after five years below $1B. BlackRock BUIDL was the pivotal moment – it established that the world’s largest
asset manager considers tokenisation production-ready.
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Can a Single Formula Replace the Order Book in a Tokenized Asset Market?

Constant product invariant. An AMM holds reserves (x, y) satisfying:

x · y = k (invariant preserved after every trade)

Trade execution. Swap ∆x (with protocol fee ϕ = 0.3%):

∆y =
y · ∆x · (1 − ϕ)

x + ∆x · (1 − ϕ)

Price impact. For a tokenised real estate pool with x = 10,000 tokens, y = $5,000,000:

Pspot =
y

x
= $500/token, Impact(∆x) ≈

∆x

x

Buying 100 tokens (1% of pool) moves price by ∼1%.
Impermanent loss for LP. If token price changes by ratio r :

IL(r) =
2
√
r

r + 1
− 1

At r = 1.5 (+50% price move): IL = −2.02%.
Limitation for RWA. AMMs work for liquid, continuously-priced assets. Tokenised real estate trades episodically – NAV updates
quarterly, so the AMM’s continuous pricing is inconsistent with fundamental value.

The constant product formula generates a market from mathematics. But for real-world assets with quarterly NAV updates, the AMM’s continuous pricing
creates arbitrage against stale fundamentals.
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How Does a Real Estate AMM React to a Large Block Trade?

1 import numpy as np

2
3 def amm_trade(x, y, dx, fee=0.003):

4 """Execute swap on constant product AMM."""

5 dx_eff = dx * (1 - fee)

6 dy = y * dx_eff / (x + dx_eff)

7 return x + dx, y - dy, dy

8
9 def price_impact(x, y, dx, fee=0.003):

10 spot = y / x

11 x2, y2, dy = amm_trade(x, y, dx, fee)

12 exec_price = dy / dx

13 return (spot - exec_price) / spot # negative = adverse impact

14
15 # Tokenised real estate pool: 10,000 tokens vs $5M USDC

16 x, y = 10_000, 5_000_000 # spot price: $500/token
17
18 print("Tokens\tExec $\tImpact")
19 for trade in [50, 100, 250, 500, 1000]:

20 x2, y2, dy = amm_trade(x, y, trade)

21 exec_p = dy / trade

22 impact = price_impact(x, y, trade)

23 print(f"{trade}\t${exec_p:.2f}\t{-impact:.2%}")
24 # 50 tokens: ~$499, impact -0.5%

25 # 500 tokens: ~$476, impact -4.8%

At 1% pool depth (100 tokens), impact is -1.0%. At 5% (500 tokens), impact reaches -4.8%. Institutional block trades in thin tokenised markets face

severe slippage – AMMs are not designed for low-frequency illiquid assets.
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Do Larger Tokenized Asset Markets Automatically Generate More Liquidity?
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Tokenized Asset Secondary Markets: Liquidity vs. Market Cap
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Market cap vs. turnover relationship:

• Bonds: highest turnover (18%/month at peak) –
institutional familiarity creates organic demand

• Commodities: second-highest – spot and futures arbitrage
drives volume

• Real estate: low turnover (7%/month at peak) –
fundamental infrequency of property transactions

• Art: lowest turnover – high search costs, bilateral
negotiation persist

Bubble size = unique holders. Higher holder count correlates with
higher turnover, but causality runs both ways.

Market cap and liquidity are not the same. A $300M tokenised real estate pool can trade at only 7 percent monthly turnover. Bonds beat real estate by
2.5x because institutional buyers understand the risk profile.
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By How Much Does Tokenization Narrow the Illiquidity Discount Over Time?
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Illiquidity Discount Curve: Traditional vs. Tokenized Assets

Traditional 95% CI
Traditional assets
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Discount curve dynamics:

• Traditional assets: discount rises steeply for the first 18
months, then flattens near 28%

• Tokenized assets: same curve shape but plateau at ∼10% –
tokenisation eliminates ∼18 pp of illiquidity premium

• Confidence band: uncertainty widens with holding period;
tokenisation also reduces uncertainty

• Breakeven: at short holding periods (<6 months) the gap is
small – tokenisation adds most value for long-term holders

Tokenisation eliminates approximately 18 percentage points of illiquidity discount by reducing effective lock-up. The remaining 10 percent reflects
fundamental asset illiquidity, not operational friction.
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How Does a Walrasian Auction Find the Clearing Price in a Thin Market?

Setup. N buyers submit demand schedules Di (P) (tokens demanded at price P). M sellers submit supply schedules Sj (P).
Market clearing condition. The Walrasian equilibrium price P∗ satisfies:

N∑
i=1

Di (P
∗) =

M∑
j=1

Sj (P
∗)

Linear schedules. With Di (P) = ai − biP and Sj (P) = cj + djP:

P∗ =

∑
i ai −

∑
j cj∑

i bi +
∑

j dj

Thin market problem. With only N = 3 buyers and M = 2 sellers, P∗ is highly sensitive to any single participant:

∂P∗

∂ai
=

1∑
i bi +

∑
j dj

=
1

B + D

In a thick market, B + D is large and ∂P∗/∂ai ≈ 0 (price-taking). In a thin market, a single buyer dominates price discovery.
NAV anchor. Tokenised assets often set Pfloor = NAV (quarterly) to prevent collapse below fundamental value.

Walrasian clearing is efficient when markets are thick. For thin tokenised asset markets, a single institutional buyer controls the clearing price – exactly the
problem AMMs and call auctions are designed to mitigate.
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Which Institutions Are Leading the Tokenization Race – and How Fast Are They Growing?
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Institutional Tokenization Milestones: Deal Size & AUM

Year
2021
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Institutional adoption patterns:

• BlackRock BUIDL: $0 → $515M in under 12 months – the
fastest institutional ramp ever recorded in tokenised assets

• JPMorgan Onyx: $400 → $620M – sustained growth, focus
on repo and interbank settlement

• Franklin Templeton: $120 → $380M – decline then
recovery after regulatory clarity

• BNY Mellon: growing 250% – custody-first strategy
attracts other institutions

Pattern: growth is asymmetric – a few large platforms capture
most AUM.

BlackRock BUIDL’s $515M in Year 1 validated tokenised money-market funds as institutional instruments. The same network effects that dominate
traditional asset management now operate in tokenisation.
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How Do You Distribute Dividends to 10,000 Fractional Token Holders?

1 # Pro-rata dividend distribution across fractional holders

2 import math

3 class TokenDividend:

4 def __init__(self, supply):

5 self.supply = supply

6 self.balances = {}

7 self.unclaimed = {}

8 def mint(self, addr, amount):

9 self.balances[addr] = self.balances.get(addr, 0) + amount

10 def declare(self, total_div):

11 per_token = total_div / self.supply

12 for addr, bal in self.balances.items():

13 # Floor to 2dp; accumulate rounding residual

14 payout = math.floor(bal * per_token * 100) / 100

15 self.unclaimed[addr] = self.unclaimed.get(addr, 0) + payout

16 distributed = sum(self.unclaimed.values())

17 return distributed, total_div - distributed # residual

18 def claim(self, addr):

19 return self.unclaimed.pop(addr, 0) # transfer to wallet

20 td = TokenDividend(10_000)

21 td.mint("Alice", 500); td.mint("Bob", 200); td.mint("Pool", 9300)

22 paid, residual = td.declare(5_000)

23 print(f"Paid ${paid:.2f}, Residual ${residual:.2f}")

Pro-rata distribution: each token earns $0.50 on a $5,000 payout. Floor-rounding leaves at most $50 residual in the contract. Formal audits must specify

residual disposal.
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Are Tokenized Assets Equally Distributed – or Is Ownership Concentrated?
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Lorenz curve interpretation:

• Perfect equality: 45-degree diagonal – each 10% of holders
owns 10% of tokens

• Utility tokens (e.g., UNI, AAVE): Gini ≈ 0.85 – whale
concentration is extreme

• Tokenised bonds: Gini ≈ 0.60 – institutional minimums
create moderate concentration

• Tokenised real estate: Gini ≈ 0.72 – retail access exists but
institutions dominate

Governance implication: Gini = 0.85 means top 5% of holders
control 60% of votes. Tokenisation democratises access but not
control.

High Gini coefficients in tokenised assets reveal that democratisation of access has not translated into democratisation of control. The top 5 percent of
token holders typically retain majority governance power.
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What Is the Formal Definition of the Gini Coefficient for a Token Distribution?

Lorenz curve. For n holders sorted by balance b1 ≤ b2 ≤ · · · ≤ bn:

L(k/n) =

∑k
i=1 bi∑n
i=1 bi

(cumulative share of tokens held by bottom k holders)

Gini coefficient (area between Lorenz curve and diagonal):

G = 1 − 2

∫ 1

0

L(x) dx

Discrete formula. With n holders, sorted balances b1 ≤ · · · ≤ bn, mean b̄:

G =
2
∑n

i=1 i · bi
n
∑n

i=1 bi
−

n + 1

n

Interpretation scale:

• G = 0: perfect equality (every holder has the same balance)
• G = 0.5: moderate inequality (similar to OECD income distribution)
• G ≥ 0.8: extreme concentration (typical of DeFi governance tokens)

Governance concentration threshold. Top holder fraction p controls majority when:

p >
1

2
· (1 − G)

The Gini coefficient converts the Lorenz curve into a single scalar. For a governance token with G=0.85, the top 7.5 percent of holders can pass any
resolution unilaterally – 92.5 percent of holders are economically irrelevant to governance.
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Why Is Valuing a Tokenized Illiquid Asset Harder Than Valuing Its Underlying?

Layer 1: Underlying Asset Valuation

• Real estate: DCF of rental income + terminal cap rate
• Private equity: exit multiple on EBITDA
• Art: comparable sales, provenance, artist market
• Problem: all methods require expert opinion; updates are quarterly,

not continuous

Layer 2: SPV / Legal Wrapper Discount

• Bankruptcy risk of SPV: small but non-zero
• Jurisdictional risk: Swiss DLT Act vs. Delaware LLC
• Smart contract risk: bug could freeze distributions
• Typical additional discount: 1–3%

Layer 3: Liquidity Discount

• Longstaff model: 10–28% depending on lock-up
• Market depth: bid-ask spread 60–450 bp
• Tokenisation reduces but does not eliminate

Layer 4: Token-Specific Risk

• Concentration: Gini 0.6–0.85 creates price manipulation risk
• Governance: token majority can change distribution terms
• Regulatory: token could be reclassified as a security at any time
• Novel risk premium: no historical data for calibration

Fair value formula:

Vtoken = α ·
[
Vasset − DSPV

− Dliquidity

− Dtoken
]

Key insight: the sum of discounts often exceeds 30% for small-market
illiquid tokens. Tokenisation only releases value when Dliquidity falls faster
than Dtoken rises.

Token valuation is a four-layer discounting problem. Tokenisation creates value only when liquidity discount reduction exceeds the new token-specific risk
premium. This calculation is asset- and market-specific.
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Can You Write the Howey Test as a Boolean Predicate?

Howey test (SEC v. W.J. Howey Co., 1946). An instrument is a security iff all four conditions hold:

Security(X ) ⇐⇒ I (X )︸︷︷︸
Investment
of money

∧CE(X )︸ ︷︷ ︸
Common
enterprise

∧ PE(X )︸ ︷︷ ︸
Profit

expectation

∧ TE(X )︸ ︷︷ ︸
Efforts of

third parties

Token classification outcomes:

• Utility token (e.g., gas token): I = 1,CE = 0,PE = 0,TE = 0 ⇒ NOT a security
• Governance token (e.g., UNI): I = 1,CE = 1,PE = 1,TE = 1 ⇒ security (but SEC has not always enforced)
• Security token (e.g., BUIDL share): I = 1,CE = 1,PE = 1,TE = 1 ⇒ security (registered)
• Stablecoin (e.g., USDC): I = 1,CE = 1,PE = 0,TE = 0 ⇒ payment instrument (not security)

Legal uncertainty. The Howey test uses subjective criteria (PE depends on purchaser intent; TE on decentralisation degree). Courts
apply a facts-and-circumstances test – no bright line.
Swiss DLT Act alternative. Replaces Howey with a technology-neutral “uncertificated register right” – any right that is recorded on a
DLT and transferable is a DLT right, regardless of economic content.

The Howey test is a four-variable AND gate. One False makes the instrument a non-security. The legal uncertainty is in measuring each variable – which
is why every major token issuance requires a legal opinion from securities counsel.
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How Does an ERC-1400 Smart Contract Enforce Investor Whitelisting?

1 # ERC-1400 compliant transfer with whitelist + holding limits

2 class ERC1400Token:

3 def __init__(self, supply):

4 self.balances = {}

5 self.whitelist = set() # KYC-approved addresses

6 self.max_hold = 0.05 # no single holder > 5% of supply

7 self.supply = supply

8 self.paused = False

9
10 def whitelist_add(self, addr):

11 self.whitelist.add(addr)

12
13 def can_transfer(self, frm, to, amount):

14 if self.paused:

15 return False, "Contract paused"

16 if to not in self.whitelist:

17 return False, "Recipient not KYC-verified"

18 new_balance = self.balances.get(to, 0) + amount

19 if new_balance / self.supply > self.max_hold:

20 return False, "Exceeds concentration limit"

21 if self.balances.get(frm, 0) < amount:

22 return False, "Insufficient balance"

23 return True, "OK"

24
25 def transfer(self, frm, to, amount):

26 ok, reason = self.can_transfer(frm, to, amount)

27 assert ok, reason

28 self.balances[frm] -= amount

29 self.balances[to] = self.balances.get(to, 0) + amount

ERC-1400 enforces KYC whitelist, concentration limits, and pause capability in code. Three invariants: recipient must be whitelisted; no holder exceeds

5%; contract can be paused for regulatory compliance.
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How Much Does It Cost to Audit a Tokenized Security Smart Contract?

Simple Token Standard ERC-20 Complex ERC-1400 DeFi Protocol Cross-Chain Bridge
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Smart Contract Audit Cost Distribution by Complexity Tier
Complexity Tier
Simple Token
Standard ERC-20
Complex ERC-1400
DeFi Protocol
Cross-Chain Bridge

Audit cost landscape:

• Simple ERC-20: $10–30k median – standard patterns,
well-known vulnerability surface

• ERC-1400 security token: $40–80k – compliance logic adds
complexity

• ERC-3643 with identity: $60–120k – identity registry
integration increases attack surface

• Full RWA platform: $150–500k – oracle integration,
governance, and legal review overlap

Economic implication: audit costs create a minimum viable
issuance size. A $500k audit amortises over $50M at 100 bp –
below that, traditional securitisation is cheaper.

Smart contract audits cost $10k–500k depending on complexity. This creates a minimum viable issuance size of $10–50M – exactly the size threshold that
excludes most small-and-medium real estate assets from tokenisation.
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What Happens to Settlement Times When Assets Move On-Chain?

Traditional Settlement Tokenized Settlement
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Settlement speed transformation:

• Equities/Bonds: T+2 → T+0 in seconds – 700× faster;
regulatory T+2 is an artificial constraint

• Structured products: 5 days → T+0 – eliminates the entire
post-trade reconciliation chain

• Real estate: 30 days → 1 day – legal checks remain but
DLT eliminates title transfer delays

• Private equity: 90 days → 2 days – AML/compliance still
takes time, but 45× faster

Capital efficiency gain: T+0 settlement frees collateral locked
during settlement windows – estimated at $1–2T industry-wide.

Settlement speed improvement ranges from 45x (private equity) to 700x (equities). T+2 equity settlement is a regulatory artifact, not a technical
constraint – blockchain removes it in one transaction.
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What Needs to Happen Before Tokenized Assets Reach $10 Trillion?

Barrier 1: Custodial Infrastructure

• Problem: institutional mandates require regulated custodians; most
prime brokers cannot custody tokens

• Progress: BNY Mellon, State Street, and HSBC now offer digital asset
custody

• Remaining: interoperability between custodians; DvP
(delivery-vs-payment) standardisation

Barrier 2: Legal Finality

• Problem: smart contract execution is not legal settlement in most
jurisdictions

• Progress: Switzerland (DLT Act), Singapore (MAS guidelines),
Liechtenstein (TVTG)

• Remaining: US, EU, UK need specific DLT settlement finality
legislation

Barrier 3: Tax Clarity

• Problem: on-chain distributions may trigger tax events mid-period;
accounting standards unclear

• Progress: IFRS is developing guidance; IRS issued initial crypto
guidance

• Remaining: treatment of gas fees, staking, and automatic distributions

Barrier 4: Market Microstructure

• Problem: fragmented liquidity across 50+ tokenisation platforms; no
consolidated tape

• Progress: ADDX, tZERO, Securitize building regulated ATS venues
• Remaining: cross-platform settlement; liquidity aggregation protocols

Barrier 5: Investor Demand

• Problem: retail investors unfamiliar with custody, gas, and key
management

• Progress: fund wrappers (BlackRock BUIDL, Franklin Templeton)
abstract blockchain

• Remaining: retail UX that matches TradFi simplicity

Likely trajectory:

• 2025–2026: $50–100B in institutional tokenised money markets
• 2027–2028: $500B in tokenised bonds and real estate
• 2029–2030: $2–5T if legal finality resolves globally
• $10T requires equity tokenisation at scale – the hardest barrier

Five barriers to $10T: custody, legal finality, tax, microstructure, and retail UX. The first two are the critical path – without legal finality, institutional
adoption stalls regardless of technological capability.
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“LIQUID MARKET”

AMM Pool: $5M Real Estate

TOKEN TOKEN TOKEN TOKEN

$10M

“Great, I’ll buy $10M of the pool!”

ORDER BOOK

BID ASK

$489 / 2 tokens

$475 / 5 tokens

— empty —

— empty —

Pool TVL: $5M
Your position: $10M
You are 2x the pool

“Sell $10M? ...Who buys?”

TVL is not liquidity. You can enter a pool at par. Exiting at par requires a buyer as large as you.
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