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Context
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Web Revolution Web3

Web3 disrupts by
embedding ownership
and incentives into
platforms through
tokens and
decentralization.

Digital Tokens

The evolution of the
Internethas been
changing our life. From the
introduce of static
websites to the emerging
web platforms enabling
users with even more
powerin the digitalworld.

ERC20 utility tokens
are digitalaccess keys
thatenable
transactions,services,
and governance on
blockchain-based
platforms.

Digital Platform Blockchain

Web2disrupted
industries by turning
digitalplatforms into
engines ofscale
through network
effects and userdata.

Serving as the
backbone technology
ofthe evolution,
blockchain enables
users to transact
directly with trust. At
its heart,smart
contractis a powerful
engine.
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While tokens are being traded 2 82 7 o o Y LY W,
more and more, the e o \ @ _ A
understanding of its - Q@GS 97 — Y §
fundam ental drivers is still =5 S ¥ QU VR A | T YA _
underexplored. o NG ez S~ . NS SO T

Without such understanding A ">\ A e y
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Research Questions

What drives the value of ERC20 utility tokens?
Whatdata was collected?
What analysis has been done on the collected data?

How empiricaldata can be linked to theoreticalvaluation models?
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Inspiring
Analogy

Owning a token is similar to
joining a digitalplatform.

Success is the ability to

generate network effects.

=>Parallelto workof
Rochetand Tirole (2006)
on two-sided markets.
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Dataset Overview

~4k >30

Tokens Variables
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Presenter
Presentation Notes
Data collected from public commercial databases: CG, BQ, GH.


Descriptive
Statistics

Variables span market,

technical,and social
dimensions.

Many time-variant
variables.

Huge heterogeneity.

The ERC20 utility token

ecosystem is extremely

diverse.
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Variable
prices
market_caps
total_volumes
holders_count
total_supply
transfer_count
unique_senders
unique_receivers
total_sc_calls

gh_commits_count

gh_unique_committers_co
unt

gh_prs_count
twitter_followers
telegram_users
platforms_count
exchanges_count

exchangeable_pairs_count

Ministero

dell'Universita
e della Ricerca

Mean
1,509,426.08

156,031,932.31
19,577,198.80
21,727.81
1.5607E+53
207.18

67.47

84.89

376.38

5.39

1.21

7.35
70,786.45
8,068.78
2.28
13.09
6.98
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259,019,615.69
1,013,796,371.79
252,582,051.91
68,480.79
2.73481E+55
1,048.53
331.42

533.21
1,775.11

15.22

3.78

18.97
164,614.18
15,406.03
2.05

20.39

9.82

0
0
0
0
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45,019,652,550.13 @
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35,573,266,954.87
25,290,764,281.58
846,658
4.79209E+57
73,175

30,203

49,870

122,008

275

72

163
2,055,884
261,956
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98
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Presentation Notes
This table summarizes the descriptive statistics of our dataset. 
What stands out immediately is the enormous heterogeneity across tokens and years. Prices, market capitalizations, and volumes range from virtually zero to billions, showing the diversity in token scale and maturity.

On the user side, the number of holders, senders, and receivers also varies widely, indicating very different levels of adoption. Similarly, development activity, captured by GitHub commits and unique committers, is highly skewed, with some projects being very active while others are almost inactive. 

Social media presence, such as Twitter and Telegram, also shows a broad spread, highlighting differences in community engagement. 

Overall, these statistics confirm that the token ecosystem is extremely diverse. We assumed that a
token's success is not directly observable (i.e., it is latent), we carry
out an exploratory statistical analysis based on principal component
analysis (PCA) to uncover the combinations of features most relevant to
token success.
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get_gh_commits(gh_path, date_from, date_till):

headers = {

"Accept": "application/vnd.github.v3+json",

Data Collection

"X-GitHub-Api-Version": "2022-11-28"

¥

Python scripts

response = requests.get(url, headers=headers)

return response.json()
APl ca "S (I"a te |Im |t|”) build_gh_time_series(paths, first_date=‘01/01/2001', last_date=‘15/12/2024"'):
start_date = pd.to_datetime(first_date, format='%d/%m/%Y").strftime( " %Y-%m-%d")
'I'h |S co d e iS on Iy fo r GitHu b d a ta end_date = pd.to_datetime(last_date, format='%d/%m/%Y").strftime( % D)
date_range = pd.date_range(start=start_date, end=end_date, freq='ME')
. . api_dates = [date.strftime('%Y-%m-%d') for date in date_range]
PCA pre-processing:
- . for date in api_dates:
e Filtering out tokens no longer
from_date = pd.to_datetime(date).replace(day=1)
traded.
. for path in paths:
Removing sparsely populated
commits_data = get_gh_commits(path, from_date.strftime('%Y-%m '), date)
variables. :
time.sleep(1.5)
EXC Iu d In g e Xtre m e O u tlle rs (Ju St prs_data = get_gh_prs(path, from date.strftime('%Y-%m-%d'), date)
for PCA) time.sleep(1.5)
log-transformed to avoid issues_data = get_gh_issues(path, fron_date.strftine('%V-¥n-%d'), date)
skewness. tine.sleep(1.5)
subscribers_data = get_gh_subscribers(path, from_date.strftime( %Y-%m '), date)

time.sleep(1.5)

return df

url = f"https://api.github.com/repos/{gh_path}/commits?since={date_from}&until={date_till}"
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Presenter
Presentation Notes
Filtering out tokens no longer traded.
Removing sparsely populated variables.
Excluding extreme outliers (just for PCA).
Log-transformed to avoid skewness.
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Principal Component Analysis

The performance is quite satisfactory,showing (from the
plots) that we should retain 3-4 PCs fora good and
extensive representation ofthe originalset ofvariables
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Presenter
Presentation Notes
the objective is to simplify our initial dataset with a low rank approximation, with the aim of identifying the strongest dimension of variation. With that purpose, the correlation matrix has been computed and eigen-decomposed.
It is possible to evaluate of the performance of the dimensionality reduction by looking at the eigenvalues and the respective % of variance explained of the initial dataset. Here below it is reported the screeplot and the % cumulative variance explained by the Principal Components. A satisfactory solution would retaining at least 60-70% of the total variation or - alternatively (following Kaiser rule) - we can retain all the principal components that has eigenvalues greater than 1.


Finanziato ; Ministero 1 - .
dall'Unione europea s dell'Universita j lT.:ilIlidﬂlTl:ll'll 1
Ne: EU 55 edellaRicerca MUSA

PC1 PC2 PC3 PC4 PCS
= = total_volumes_mean 081 0.16 014 038 017 %
Princi P alCom ponent R R
: e e O
Analysis e T
total_amount_transfered_mean 01 0.3 0.69 032 0.04 >
transfer_count_mean 0.98 -0.08 -0.09 0.09 0.01
unique_senders_mean 0.96 -0.09 -0.02 -0.04 -0.13
* Run fullsample analysis. unique_raceivers_mean | | 084 212 008 019
- Confim resus with subsamples B o L .
» Consistentresults across allsamples. extomal sc_calle mean | 089 o oo o2 o2 =
internal_sc_calls_mean 0.79 0.08 -0.27 0.49 018 SJ_J
» The first 3 components explain more than 60%ofvariance. sc_caller_count_mean | 096 .09 oot | aes | on (NS
transactions_made_mean 0.8 0.05 .08 0.08 0.08 g
transfer_total_calls_mean 093 -0.15 -0.01 -011 -0.03 C
transfer_internal_count_mean 0.82 -0.09 0.13 011 0.13 ;‘;
. . . . transfer_external_count_mean 0.87 -0.18 013 -0.33 -0.21 S
DI m e n SI o n a I Ity Lat e n t v a r I a b I es transferFrom_total_calls_mean 0.85 0.08 018 0.33 0.05 g)
r e d u Ct i 0 n i d e n t ifi C at i o n transferFrom_internal_count_mean 083 0.07 0.2 0.35 0.05 %
transferFrom_external_count_mean 0.73 -0.18 012 -0.34 -0.19 g
. gh_commits_count_mean 0.2 072 0.1 0.24 0.1 g
Areduced set of Network usage variables oh_unlque_commiters_count meand | 015 Py P P . Z
components can clusterstrongly on PC1, oh_prs_count mean- | 025 o1 026 011 01 z
effectively capture the development activity on ahssues_count mean | 022 oo b oo o 5
. . . gh_stargazers_count_mean 0.3 0.76 0.21 0 -0.02 S
majordimensions of PC2,and token supply and o subscribers_count_mean | 028 Py o o | om
variab |||ty in the dataset. tOp hOIdingS on PC3. twitter_followsrs_mean 049 0.02 015 032 028
platforms_count 0.29 0.12 0.15 -0.31 057
telegram_users 0.28 =0.09 0.1 «0.25 0.32
exchanges_count 0.8 0.03 0.24 -0.35 0.35
exchangeable_pairs_count 0.58 0.08 013 0.1 0.54
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Presenter
Presentation Notes

First, the PCA was first computed on full sample. To check robustness, we also repeated the analysis on sub samples. Across all samples, the first three principal components consistently explain about 60% of the variance, and the grouping of variables remains stable.

The heatmap here shows the correlation between original variables and the extracted PCs. You can see clear blocks emerging: network usage variables cluster strongly on PC1, development activity on PC2, and supply and concentration on PC4.

A novel aspect of our approach lies in the inclusion of time series
variables that trace the level of interest in the token from the perspective
of \textit{producers }--- as opposed to users --- of the smart contract.

This structure gives us interpretable latent drivers of token value that we will carry into the next step of this project which is the regression analysis.
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Interpretation of PCA Components

Across allyears,the first three principalcomponents consistently explain more than 60%ofthe variance,and the grouping

Network Activity

This component quantifies high-
frequency transactionalactivity
and user participation,capturing
activity such as transfers,

volumes,and smart contractcalls.

ofvariables remains stable.

02.

Developer Activity

Adevelopment and productivity
factorthathighlights the
production side ofthe emergent
economy,tracked by GitHub
activity and coding intensity.

Missione 4 « Istruzione e Ricerca

03.

Supply & Concentration

Afactorthatreflects token supply
and distribution dynamics,
capturing a structuraldimension
ofthe token ecosystem.
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Presenter
Presentation Notes
We looked at the PCA results in detail, where different blocks of variables clustered together on specific components. 
Instead of dozens of variables moving in different directions, PCA shows us three dominant forces:
First, a transactional or network-usage factor that captures activity such as transfers, volumes, and smart contract calls. 
Second, a development and productivity factor that reflects GitHub activity and coding intensity, often moving in contrast to transactional scaling. 
And third, a supply and concentration factor that reflects token supply and distribution dynamics.

This decomposition allows us to interpret token prices not just as noisy fluctuations, but as combinations of these underlying forces. The dimensionality reduction achieved through these findings sets the stage for the construction of a model and a dynamic analysis of the transition to success of an individual.
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From BEmpirical Results to Theoretical
Models

How PCAresults map to theoretical findings?
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Theoretical Baseline: Cong, Li, Wang (202])
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 LW.Cong,Y.L,and N.Wang,“Tokenomics:Dynamic Adoption and Valuation”,
The Review of Anancial Studies,vol.34,n0.3,2021

» The authors wanted to shed light on the argument:”7okens help grow the
ecosystem and allow all participants to benefit from the growth prospect of
platforms.”

* Deriving a PDEthatis similarto Black-Scholes formula.

 Solving foran equilibrium pricing equation grounded in networkeffects and
productivity shocks.
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* Rigorous economic foundation fortoken valuation.
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The Gordon Growth formula

Classical equity valuation formula:

Diyq
P = ——— (D
-9
where:
g :Constant growth rate expected fordividends.
T “Interestrate.

D:y1 :Value ofnextdividends.

Observable dividends are the key value driver.

Missione 4 « Istruzione e Ricerca
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Presenter
Presentation Notes
The starting point for our framework is the classical Gordon Growth model from equity valuation. 

This formula says that the price of a stock equals next period’s dividend divided by the discount rate minus the expected dividend growth. 

The intuition is straightforward: if investors expect dividends to grow steadily, they are willing to pay more today. Here, dividends are observable and serve as the central value driver. 

This traditional setup provides a useful benchmark that we later extend to the token context, where cash flows are not directly observable.


Token Pricing vs Derivative Pricing (Black- Scholes formula)

The PDEfor the token price P, = P(A;) In Cong,U,Wang (202)):

dP 2 0%P
4, 9P -t
HEPy = utA 94, + 5 (Ut ) oA, (2)

Underlying A, (productivity, non-tradable) | P,: token price | u4,a: drift/vol of productivity

The Black-Scholes formula with no-arbitrage condition:

V_Sav+1 SaZv+av
V=rSoct 0t omg g

Underlying S (tradable) | V: derivative price | 0'.V0|atl|lty | riinterest rate

Missione 4 « Istruzione e Ricerca
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Presenter
Presentation Notes
Cash flows unobservable → replaced by productivity: Since tokens don’t generate direct cash flows, platform productivity  𝐴 𝑡  substitutes for dividends/cash flows as the underlying economic driver. This makes valuation heavily dependent on adoption and productivity dynamics.
Price–productivity nonlinearity: The relation is nonlinear, similar to derivative pricing. Token prices can amplify productivity shocks due to network effects: small changes in adoption can create disproportionately large price swings (“excess volatility”).
Boundary conditions: As  𝐴 𝑡 →0,  𝑃 𝑡 →0 (platform is unproductive → tokens worthless). As  𝐴 𝑡 →∞, the model converges to a Gordon-type valuation with full adoption
Price–productivity relationship is nonlinear (derivative-like).


Nonessential differences: finite maturity versus perpetuity. Tokens in our model are
perpetual with no maturity. Standard derivatives often have maturity, and hence, have the
additional term ∂V (St ,t )
∂t in the pricing equation.

The state variable of derivatives is
the underlying stock’s price. Since the stock is traded, so it has an expected cum-dividend
return equal to r, and thus, its ex-dividend stock price has a drift that is equal to St (r−δ)
under the risk-neutral measure, which is the coefficient on ∂V (St ,t )
∂St . The underlying state variable of tokens is the platform productivity At . The coefficient on dP(At )
dAt is AtμA, also the state variable’s drift. Since At is not traded, the risk-neutral drift, AtμA, is not equal
to At r,
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Utility vs Carry Cost Trade- off

With tokens,agenti’s decision on the realbalance ofmedium ofexchange,the
effective carry costis now r — uf ;and the optimality condition agents’ token
balance is where the marginalbenefit of transaction is equalto the carry cost:

N, A e
r— Pl =>01-a|——| >0 ©3)

Xit
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Dynamic Token Valuation Model

vsni

Equilibrium token pricing formula in Cong, i, Wang (202)):

1
N(A,) S(A,) At> ( 1-a )5 ”

Pl = < M r — uP(4y)

e Extension of Gordon Growth to tokens.

e Cash flows unobservable —replaced by productivity process.
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Presentation Notes
Variables:
 𝑃 𝑡 : Token price at time 𝑡.
 𝐴 𝑡 : Platform productivity (technology, regulatory environment, transaction variety). A positive shock to  𝐴 𝑡  may mean technological advances, favorable regulatory changes, growing users’ interests, and increasing variety of activities feasible on the platform.
𝑁  𝐴 𝑡  : User base as a function of productivity (captures adoption level, network size).
𝑆  𝐴 𝑡  : Aggregate transaction needs of participating users (weighted by heterogeneity of transaction demand).
𝑀: Fixed token supply.
𝛼: Elasticity parameter (0 < 𝛼< 1), governs diminishing returns to holding tokens.
𝑟: Risk-free interest rate.
 𝜇 𝑃   𝐴 𝑡  : Expected growth rate (drift) of token price, endogenous to platform adoption and productivity.

Key Points to Extend Slide Content:
Extension of Gordon Growth: Equation (32) generalizes the Gordon Growth Formula to tokens. Instead of dividends, token value is tied to platform productivity and transaction needs. The term  1−𝛼 𝑟− 𝜇 𝑃   𝐴 𝑡   plays a role similar to the Gordon denominator  1 𝑟−𝑔 .
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Dynamic Token Valuation Model
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The variables in the equilibrium :

Transactio
User base nneeds Productivit

N(At)X S(At)XAt 1_a a
M r — uP(Ap)

\_Y_J
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Mapping Empirical Components on the Theoretical Model

The latentvariables identified by the PCAcan be mapped nicely onto the token
pricing equilibrium proposed in Cong, Li, Wang (202):

Em pirical Theoretical
Components Variables

N(A;)= Userbase

PC1 (daily active addresses)
Network
Activity S(A¢) = Transactionalneeds

(daily trading volume)

PC2. o
A =P tivit
Developer » A, =Productivity
Activity
PC3.
Supplyand » M=Token supply

Concentration

Missione 4 « Istruzione e Ricerca
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Policy & Market
Im plications

The findings also have several
broaderimplications for token
design,investment strategies,
regulation,and draw the
connection betweenempiricaldata
and theoretical models.
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Token design: Development might
playan importantrole in observing the
productivity of the token which implies
to be an influential information on
token price.

Regulation: Disclosure of system
usage and development metrics
should be encouraged to attract
fundamentalinvestors.
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Investor strategy: Fundamentals
beyond volume and conventional
financialdata.Ourpreliminary results
attest non-financial factors as the
latent drivers instead of financialones.

Theoreticallink: empirically ide ntified
latent drivers provide preliminary
proofs to the theory on “new
fundamentals”fortoken pricing.
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! Conclusion

. Firstempiricallinkbetween Cong, Lj,
Wang (202)s modeland ERC20 tokens.

3 ERC20 token pricing resembles
> derivative valuation more than

. ‘ equity.

Productivity and adoption matteras

key hidden drivers.

alat 5 Supply concentration plays an
.' - > . importantbutcomplexrole.
L J v
% P £ Next steps:
> o Ve, * e Regression analysis,robustness
*o* checks,sub-sample analysis.
‘4. - = Extend framework to NFTs and real-
A, .¢ - world asset tokens.
-
Y -
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Provisional Next Step: Regression Analysis

&
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Testable empiricalimplication,from eq.4:

HO: ln Pi,t+1 - A ln(Ni’t Si,t) + A lnAi’t p— A ln Mi,t p— % A ln(rt — ‘utp) g
Pi¢ :

c

In Pity1 = pi+ B AIM(NieS;i) +  BAlmA;, +  BzAlnM;, +  &¢4q + Control Variables i’)

Py )

By taking logs,we have returns on the left-hand side. ii

This allows us to run regressions ofreturns on changes in our PCAfactors. 2

Econom etric test: PC factors significantly explain returns?

Note.‘% A ln(rt - uf ) isdropped in regression because it is global effective carry cost.

Missione 4 « Istruzione e Ricerca


Presenter
Presentation Notes
In the Cong–Li–Wang model, these drivers interact to determine the observed equilibrium token price  𝑃 𝑡 . This slide shows that our PCA results are not just statistical constructs but align closely with the theoretical variables of the model.




Provisional Next Step: Potential Regressors

vsni

P t41
P,

Dependent Variable In Observed token price changes

Proxy for network effects (holders,transfers,active
users)

Proxy for platform productivity (GitHub activity,
commits,issues)

Proxy for structuraltoken supply (totalsupply and
distribution)

Regressor 1- PC1;;,  Aln(N;; S;¢)

Regressor2 - PC2;, AlnA;,

Regressor3 - PC3;; AlnM;,

uonay Aujigeureisns ueqin palakeniy
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Presentation Notes
In the Cong–Li–Wang model, these drivers interact to determine the observed equilibrium token price  𝑃 𝑡 . This slide shows that our PCA results are not just statistical constructs but align closely with the theoretical variables of the model.
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Thank you for listening

Huynh Thanh Thien Pham
D4 huynhpham @unibocconiit
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