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ABSTRACT

This work presents a system dynamics modeling approach to evaluate critical economic metrics on the Waterfall platform, a
decentralized public network. The constructed model serves as a significant tool for understanding the intricate economic processes
within the platform and supports informed decision-making by stakeholders. By using input parameters such as the number of
network validators and transactions per second (TPS) over time, the model projects key metrics like the inflation rate and total supply
of coins, providing insights into the platform's economic stability.

The Waterfall platform is designed as a scalable smart contract ecosystem, underpinned by cryptoeconomics, to ensure a self-
sustaining and self-regulating environment that maximizes stakeholder benefits. The platform's mainnet, launched in June 2024, has
shown consistency between testnet results and theoretical calculations, demonstrating the robustness of the underlying economic
model. However, as with any economic system, forecasting is essential for decision-making and improving efficiency. The system
dynamics model allows for the exploration of different scenarios, considering various growth assumptions for validators and TPS, to
project future economic conditions of the platform.

Three scenarios — pessimistic, realistic, and optimistic — are considered, each with distinct growth trajectories for the number of
validators and TPS. The outcomes highlight that while the initial stages of the network are characterized by high reward rates due to
a smaller number of validators, these rates decline as more validators join, affecting the inflation rate over time. The relationship
between the minting of new coins (as validator rewards) and the burning of transaction fees determines the system's inflationary
dynamics. Under certain conditions, an increase in TPS could lead to deflation, enhancing the platform's economic sustainability.

The results suggest that Waterfall's cryptoeconomic model has a strong potential for long-term stability and growth. The
model's flexibility allows for adjustments based on real-time data and expert judgments, making it a valuable tool for both internal
stakeholders and external analysts. This approach could also be applied to studying the cryptoeconomics of other decentralized
networks, providing a broader understanding of their economic stability and long-term viability.

Keywords: Waterfall platform; decentralized network; cryptoeconomics; system dynamics; long-term forecasting.

Introduction. Public decentralized networks are complex socio-economic systems that
combine traditional economic principles with computer technology, so-called cryptoeconomics, to
enable digital user interactions [1]. Their emergent properties are defined by business logic and
economic policies embedded in software.

Waterfall is a scalable smart contract platform supported by cryptoeconomics for creating a
self-sustaining and self-regulating ecosystem that intends to maximize benefits for all stakeholders
[2-5].

The mainnet was launched in June 2024. The results previously obtained on the testnet and
mirroring the current state were fully in line with theoretical calculations made by the formulas [6].
However, as in any traditional economy, some forecasting and predictions over time must be made
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to empower decision-making and enhance efficiency. In addition, cryptoeconomic modeling
contributes to the understanding of complex systems, revealing both their advantages and
disadvantages, in keeping with the spirit of openness and transparency of distributed ledger
technologies.

The main goal of this work is to project the key economic metrics of the Waterfall platform on
the basis of some assumptions about the growth of the network validator number and transactions
per second (TPS). This primarily applies to inflation and deflation processes for understanding and
managing economic stability. For these purposes, a few possible system evolution scenarios were
considered in this work using system dynamics modeling. Further, as the platform evolves and new
data is received, this model should be refined.

It is worth noting that while economic models are powerful, they are not without limitations.
They rely on assumptions that may not hold true in all situations, and the complexity of the real
world can never be fully captured. There will always be some uncertainty in the input data. On the
other hand, economic policies embedded in software cannot be modified without community
consent, which provides more robustness of forecasting in comparison with traditional economic
modeling.

General provisions. The design of Waterfall’s cryptoeconomics is fully described in [7],
including minting and burning processes, the rewards system, coin flows, etc. However, its analysis
was carried out only with fixed parameter values. In this work, we consider the number of network
validators and TPS as input parameters changing by certain growth laws over time.

Logistic Growth. Growth equations are a powerful tool for simulations across many fields and
can provide valuable insights into the dynamics of complex systems over time. In mathematical
modeling, they can be used as starting assumptions, e.g., for the growth of the numbers of network
nodes, users, and transactions, amounts of staked and transferred coins, etc.

Logistic growth is usually applied to simulate various network phenomena. This is a
mathematical function characterized by increasing growth in the beginning period but decreasing
growth at a later stage [8]:

L
L(t) = maz ,t>0,
1+ exp(—q(t — to))

where L,, ., IS the supremum of L -values, g > 0 is the curve's steepness, and t, is the inflection
point (the curve's midpoint).

In particular, a logistic function can be used to describe the growth of a new technology
customer number [9]. When a new product or service is introduced, the rate of new customer
acquisition usually rises at first. However, as the market saturates, that rate slows down as the
product or service reaches its full potential (e.g. see [10, 11]). In this work, the logistic growth law
is applied for the projection of model time-dependent input parameters.

Evaluation scenarios. As static configuration parameters of the model, we will use the current
values set in the mainnet [7] including:

« Initial total supply — 25 billion coins.

o Stake per validator — 32 thousand coins.

e Slot time — 6 seconds.

e Blocks per slot — 8.

To describe the growth in the number of validators and TPS over time, we will consider three
hypothetical scenarios presented in Table. The values for starting projections were obtained from
the mainnet. For illustrative purposes, the realistic scenario is depicted in Fig. 1.
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Table. Parameters of logistic growth curves

TPS Number of validators
Scenarios Start | Inflection, year | Supremum | Start | Inflection, year | Supremum
Pessimistic 0 3 10 2.048 3 50.000
Realistic 0 3 1.000 2.048 2 300.000
Optimistic 0 2 2.000 2.048 2 500.000
—TP3 —=Validators
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Fig. 1. Number of validators and TPS over time: the realistic scenario

Outcomes of Modeling. The designed model allows us to obtain projections of key network
economic metrics, such as the annual reward and inflation rates, the total staked amount and total
supply of coins, transaction fees, etc. In this paper, we take an in-depth look at the reward and
inflation trends.

In cryptoeconomics, increases in the circulating coin supply are called inflation. Consequently,
the dynamic relationship between the quantity of newly minted coins as validators’ rewards, and the
reduction of coins through the burning of base transaction fees, defines the current inflationary rate
within the system. The results of modeling for each scenario are displayed in Fig. 2.

The initial stage of the system is characterized by a high annualized reward rate due to the
small number of validators. As the number of validators increases, this reward rate declines sharply.
At the beginning, despite the high reward rate, the inflation rate remains low because the total
amount of minted coins is minimal. However, as more validators join, the inflation rate gradually
rises, eventually reaching 6 %. Transaction throughput meanwhile impacts the inflation process
significantly. Therefore, the ecosystem growth and the corresponding increase in TPS can
potentially lead to deflation, as more coins are burned as transaction fees.

These results confirm that the platform has good potential for long-term operation and
development, since a low inflation rate increases user confidence in the system. The reduction in
rewards provided for in the platform's economic model will reduce the income of participants.
However, the reward will remain at an attractive level compared to other decentralized platforms,
which will continue to attract new users and maintain the activity of existing participants.

Conclusion. The constructed model allows us to explore various scenarios for the evaluation of
the Waterfall platform considering different hypotheses. In turn, independent experts can adjust the
static and dynamic input parameters of the simulation according to their expert judgments and
generate other projections of metrics that are more appropriate in their view. In addition, this model
can be customized by adding user behavior patterns based on real data obtained from the mainnet,
e.g., by specifying the average percentage of faulty network nodes that receive penalties instead of
rewards.
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Fig. 2. Annualized reward and inflation rate over time:
pessimistic, realistic, and optimistic scenarios are on the top, middle, and
bottom panels respectively

The presented simulation shows that the economic sustainability of the platform is at a high
level.

This means that Waterfall is able to maintain stability and efficiency under various scenarios,
ensuring sustainable growth and development. However, any cryptoeconomics operates within the
framework of the socio-economic system, and the influence of external factors cannot be discarded.
Therefore, to obtain a reliable long-term forecast, model projections should be combined with
expert judgments to account for additional information and nuances.
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AHOTAIIS

VY mii poboTi MpeNCTaBICHO MiaXij 0 MOACTIOBAHHS CUCTEMHOI IMHAMIKH JUISl OI[IHKM KPUTUYHUX €KOHOMIYHHX TOKa3HUKIB
Ha mardopmi Waterfall, nemenrpamizoBaniif myOmidniii Mepexi. CTBOpeHa MOIETh CIYXHTh BaKIMBHM IHCTPYMEHTOM JUIS
PO3YMIHHS CKJIaJHUX EKOHOMIYHHMX TpONECiB Ha miardopMi Ta MATPUMYE MPHUHHATTS OOIPYHTOBAHHMX PIIICHH 3alliKaBICHUMH
cTopoHamMu. BukopucToByoun BXifHI TapaMeTpH, Taki SK KUIBKICTh BaliaTOPiB Mepexi Ta TpaH3akuii 3a cexynay (TPS) nmporsarom
TIEBHOT'O Yacy, MOJIEIb IIPOEKTYeE TaKi KIFOYOBI IIOKA3HUKH, SIK piBeHb iHQIIAMIT Ta 3arajbHa IIPOITO3UIIisi MOHET, HAIal0uy PO3YyMiHHS
€KOHOMIYHOI CTa0iJIbHOCTI IIaT(OPMHL

[Tnarpopma Waterfall po3pobiieHa sik MaciTaboBaHa €EKOCHCTEMa CMapT-KOHTPAKTIB, 110 0a3yeThCS HA KPUIITOCKOHOMIIIi, 100
3a0€3MEeUNTH CaMOITiITPUMYBAaHE Ta CAMOPETYIBOBAHE CEPEIOBHIIE, SKE MAKCUMI3ye BUTOIM JIUIS 3allikaBiieHHX cTopiH. OCHOBHa
Mepexa taTdopmu, 3amymeHa B 4epBHi 2024 poky, MPOJAEMOHCTPYBaIa y3TOKEHICTh MIX pe3ylIbTaTaMU TECTOBOI MEpexki Ta
TEOPETHIHUMH PO3PaXyHKaMH, JEMOHCTPYIOUYHM HaJiiHICTh 0a30B0i ekOHOMiYHOI Mopeini. OfHakK, sK 1 B OyJb-sKili eKOHOMIiYHIii
CHCTEeMi, TPOTHO3YBAaHHS Ma€ BaXKIMBE 3HAYEHHS VIS TPUHHATTS pIMICHb 1 MiJBHIIEHHS epeKTUBHOCTI. Monens CHCTEeMHOI
JTMHAMIKH JIO3BOJISIE JIOCII/DKYBATH Pi3HI CleHapii, BpaXOBYIOUH pi3HI NMPHUIIYIIEHHS PO 3pocTaHHs [uisl BaiigaropiB i TPS, mob
CIIPOrHO3yBaTH MaOyTHI €KOHOMIYHI yMOBH IUIAT(HOPMH.

PosrnsimatoTecst Tpu crieHapil — MECHMICTHYHUM, PEaTiCTHYHWH 1 ONTHUMICTHYHHH, KOKEH 3 SKUX Ma€ 4YiTKi TpaekTopil
3pocTaHHsl KutekocTi BamijaropiB i TPS. PesymbraTé mifkpeciroroTe, IO XodYa MOYATKOBI €TalM MepeXi XapaKTepH3YIOThCS
BHCOKMMH CTaBKaMH BHHAropojad 4epe3 MEHIIY KiTbKICTh BaliJaTopiB, Il MOKAa3HUKH 3HIKYIOTBCS, KOJIH MPUETHYETHCS OijIbIIe
BaJIiZIATOPIB, IO 3 YaCOM BIUTHBAE HA piBeHb 1HGUIALII. B3aeM03B's130K Mixk kKapOyBaHHSIM HOBHX MOHET (SIK BUHATOPOIH BaigaTopa)
1 CaIIOBaHHAM KOMIcCi 3a TpaH3akuii BU3Hauae iHQALiiHy AMHAMIKy cucteMu. 3a IeBHUX yMoB 30inbiieHHs TPS Moxe npusBectu
10 aedIIALii, miABUIIYIOUH eKOHOMIYHY CTIHKICTh Iu1aTdopMu.

PesynpraTté cBim4aTh MpO Te, IO KPUNTOEKOHOMiuHa Mozenp Waterfall Mae MOTY)XHWI TOTEHIian WIS JOBrOCTPOKOBOL
CTablTBHOCTI Ta 3pocTaHHs. ['HydKiCTh MOJENI J03BOJIsIE BHOCHTH KOPUTI'YBaHHS Ha OCHOBI JIaHHX Y pealbHOMY Yaci Ta eKCIIepPTHHX
OLIIHOK, III0 pOOUTS ii IHHMM 1HCTPYMEHTOM SIK JUIsl BHYTPIIIHIX 3aI[iKaBI€HUX CTOPIH, TaK i JIs 30BHIIIHIX aHamTUKIB. L{ed miaxin
TaKOXX MOYKHA 3aCTOCYBAaTH ISl BUBUCHHS KPUNTOSKOHOMIKHU IHIIUX JEIEHTPATi30BaHUX Mepex, 3a0e3NeUyrour IIMpIIe pO3yMiHHI
X €KOHOMIYHOI CTa0IILHOCTI Ta JOBIOCTPOKOBOI KUTTE3JATHOCTI.

Kirouosi cioBa: muiatdhopma Waterfall; nenenrtpaiizoBana Mepeska; KpUIITOSKOHOMIKA; CUCTEMHA JMHAMiKa; JOBIOCTPOKOBE
MIPOrHO3YBaHHS
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