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Abstract

Objectives. This paper investigates the feasibility of applying a Contest Success Function (CSF) to
optimize priority fee expenditures in blockchain networks utilizing priority fee auctions. We analyze the
model's ability to describe the relationship between "effort” (bid amount) and the probability of
successful transaction inclusion.

Methods. We conducted an experiment to compare the efficiency of the canonical CSF model (Tullock
contest strategy) against a baseline strategy — a simple average of the target percentile derived from
historical data. Both strategies utilized context gathered from historical datasets to generate bid
proposals for the subsequent block. Performance was evaluated based on two primary metrics:
the average effort (mean bid size) and the success rate (the percentage of bids successfully landing within
the target percentile). The experiment comprised a total of 632 rounds of bid generation.

Results. The experimental trials yielded performance metrics indicating that the canonical CSF model is
well-suited for cost optimization in priority fee auctions. Specifically, strategies with decisiveness
parameters R = 10 and R = 20 demonstrated the most favorable results. Furthermore, a positive
correlation was observed between the decisiveness parameter R and the strategy's performance; a
decrease in the value of R led to a corresponding decline in the strategy's efficiency for cost optimization.
Conclusion. The experimental results demonstrate the overall effectiveness of the canonical CSF for
optimizing priority fee expenditures. This approach is particularly relevant for sectors with rapidly
advancing blockchain integration, most notably financial services, investment management, and trading.
However, it is worth noting that the proposed methodologies are agnostic to specific implementations
or projects; they are applicable to any network that implements a transaction prioritization mechanism
via additional fees. There remains significant scope for further research, including the introduction of
novel performance metrics, the use of more specialized datasets, and the investigation of different
historical context window sizes for the model.
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AnnoTauma

Llenn. Llenbio paboOTHI SIBISICTCS HCCIEAOBAHIE BOZMOKHOCTH TIPUMEHEHHS MOJICTH OMUCAHUS 3aBUCH-
MOCTH BEPOSITHOCTU TOOEBI OT MPHUIOKEHHBIX YCUIIMH IS ONTUMH3ALIUK 3aTPaT Ha TPUOPHUTETHYIO
OTIIPaBKY TPaH3aKIUA B CETAX C AyKIIUOHOM MPHOPUTE3UPYIONIMX KOMHCCHHA. AHAINM3UPYETCs CIO-
COOHOCTb MOJIENT ONMCHIBATH B3aMMOCBSI3b MEXYy HEKOTOPBIM «yCHJIHEM» (B IaHHOM Ciydae mpel-
JIOKEHHOW LIEHOM) M BEPOSITHOCTHIO YCIEIIHOTO BKJIIOYEHHUS TPAH3aKLIKHU B OJIOK.

MeToae. B pamkax uccnenoBaHusl ObUT NMPOBENEH SKCIEPHMEHT, Il CpaBHHBANACh 3(P(EeKTUBHOCTH
matematuueckoit mogenu CSF (Contest Success Function, ¢yHkims ycrnexa B COPeBHOBaHHH) B KaHO-
HUUYECKOM Buze (Mozenb Tannoka) 1 KOHKYPHUPYIOIIasi CTpaTerus — NoJay4eHHUe [IPOCTOT0 CPEIHEro 110
[EJIEBOMY TPOIIEHTHIIIO HA UCTOPUYECKUX JNAaHHBIX. 151 paboThI IBYX CTpaTeruii ObuT coOpaH KOHTEKCT
W3 UCTOPHYECKUX JIAHHBIX, HA OCHOBaHUHM KOTOPOTO MOJIENHU JIeJali CBOW TPEJIOKCHUS CTABOK Ha
cnenyromuii 0ok. Onenka Oblia MpoBeeHa MO IBYM KPUTEPHUSM: CpeJHee 3HaUCHHE MPHUIIOKECHHBIX
ycuiuid (cpelHU pa3sMep CTaBKM) W NPOLEHT MOMNaJaHUi B IeNeBOW NpOoUeHTWIb. Bcero Obu1o
MpoBeZeHo 632 payHaa, KOTJa y9acTBYIOIINE CTPATeTuH MPeAiarajal CBOM CTaBKH.

Pesynbratbl. [TomydeHbl moka3aTeny MO MPOBEJCHHBIM HCIBITAHUAM. DTH JIAHHBIE TIO3BOJISIOT CKa3aTh,
yro CSF B KaHOHMYECKOM BHJE MOAXOAUT AJIS 3aJad ONTUMH3ALMHU 3aTpaT HA ydyacTHE B NMPHOPHU-
Tesupyromux aykmuonax. Ctparernn ¢ mapamerpamu 3¢ dexkrnBHocTr R = 10 u R = 20 npoxeMon-
CTPUPOBAIIM JIy4IlIKe pe3ysbTarbl. Kpome 3Toro, OBUIO 3aMe4eHO, YTO C yMEHBIIEHHEM IapaMeTpa
s¢dexrnBHOCTH R nagaeT u 3pPeKTHBHOCTH CTpATETHH B PELICHUH 33a4ll OITUMHU3ALNH.

3aknioveHue. Mcxos U3 MOyYeHHBIX pe3yabTaTOB MOXHO CJIENIaTh BBIBOJA 00 00mIeH 3 PeKTHBHOCTH
CSF B KaHOHMYECKOM BUJIE JUIS ONTHMHU3AIMH 3aTpaT Ha MPHUOPUTEIUPYIONIHE KOMUCCHU. JlaHHBIN
noaxon Oyner OoCOOEHHO TOJIe3eH B 00JIACTAX, TJ€ aKTHBHO pPa3BHBaeTcs paboTa ¢ OJIOKYEHHOM.
B niepByro ouepens 310 chepa padoThl ¢ PUHAHCOBBIM M MHBECTULIMOHHBIM KaIllUTAJIOM, a TaK)Ke TPeii-
JuHT. OZIHAKO CTOUT OTMETHUTh, YTO IPEAJIOKECHHBIE METOJUKH HUKAK HE IPUBSA3aHbI K KOHKPETHBIM
peanu3anusaM Wik npoekraMm. OHU OyayT paboTaTh B JTIOOBIX CETAX, KOTOPHIE HMIIEMEHTHPYIOT MeXa-
HU3M [IPUOPUTH3ALUH POITyCcKa TPaH3aKIMK Yepe3 IOMOTHUTENbHbBIE cOOphl. B nanbHeiimem ocraercs
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MMPOCTPaHCTBO IJIA y1"ﬂy6J'ICHI/I$I HCCHGI{OBaHHﬁ: BBCJICHUSA HOBBIX XapPAKTCPUCTHUK OLICHKHU 3(1)(1)CKTI/IB-
HOCTH CTpaTel"I/If/'I, HCIIOIL30BaHus Ooliee CIICHUATIU3UPOBAHHBIX Ha60pOB JaHHBIX, ©3BMCHCHUSA pa3Mepa
KOHTEKCTa HCTOPUYCCKUX NaHHBIX IJISI MOOCIIHN.

Knwoueeble cnoea: 6okueiin, Contest Success Function, mozaens Tamnoka, TpONEHTHIb, TEOPHUS UIP,
OeCKOATUIIMOHHAS UTPa, AYKIIHOH

Dna uutupoBanna. bokyn, A. I'. [Ipumenenne QyHKuMii ycrexa B COPEBHOBAaHHM JJIsl ONTHMHU3AIMU TPaH3aK-
[MOHHBIX COOPOB B CETAX C BHICOKOM MPOIYCKHOM criocobHocThio/ A. I'. BokyH // Madopmaruka. —2026. — T. 23,
Ne 2. — C. 80-93. — https://doi.org/10.37661/1816-0301-2026-23-2-80-93.

Kondhnukt untepecoB. ABTOp 3asBisieT 00 OTCYTCTBUU KOH(DIHUKTa HHTEPECOB.

Introduction

Today, blockchain networks are gaining increasing institutional adoption, not merely as
investment vehicles or stores of value, but as robust infrastructure for payment processing.
Consequently, transaction processing speed has become one of the most critical performance
characteristics of modern networks. Projects such as The Solana blockchain network (Solana
network) and The Open Network (TON) place a significant emphasis on throughput,
specifically modifying consensus algorithms and imposing rigorous hardware requirements on
node operators. Another instrument for accelerating transaction finalization is the use of priority
fees. The network allows the sender to pay an additional fee to increase their probability of
winning the auction for transaction inclusion in the upcoming block. Since network validators
are incentivized to prioritize transactions with higher priority fees, users can significantly
expedite the execution of their transactions.

The mechanism of these auctions, in turn, creates a complex problem: achieving a desired
inclusion percentile! typically requires higher fee expenditures to ensure timely transaction
processing. This problem can be addressed by framing the auction as a contest — a game-
theoretic model where participants compete for a prize by exerting efforts. Contest models are
employed across diverse fields, ranging from real estate leasing to conflict studies. In these
models, the magnitude of the effort exerted directly influences a participant's probability of
winning. The mechanism that formalizes this relationship between the probability of winning
and the effort expended is the Contest Success Function (CSF), which serves as a cornerstone
of such game-theoretic frameworks.

Most existing research on CSF, ranging from foundational texts to contemporary studies,
focuses on applying these models to macro-level problems in economics and strategic conflict.
The base concept of the CSF originally emerged from efforts to describe the behavior of large
economic agents competing for existing resources. In particular, Gordon Tullock’s seminal
works explore the rent-seeking behavior of such agents [1]. Other research in this field extends
the application of CSF to issues of various economic spheres: from taxation to bankruptcy
proceedings [2].

A percentile is a value that separates the bottom N% of the data from the rest of the results.
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A distinct area of study involves the use of CSF within conflict theory, where it is
frequently employed to analyze military engagements [3]. For instance, in the work of
V. V. Shumov, the CSF is validated using data from military operations of World War | and
World War Il [4]. However, it should be noted that the number of publications applying CSF
to real-world contemporary economic data remains remarkably small; most existing literature
focuses primarily on the theoretical modeling of conflicts, contests, and auctions. The novelty
of this research lies in the adaptation of the CSF to the micro-level task of real-time transaction
fee estimation.

The objective of this paper is to investigate various functions that describe the relationship
between the probability of winning and the effort exerted within a contest model, and to
evaluate their practical utility and competitiveness within the Solana network environment.

— Fees and Auctions in Solana network

Fees represent a fundamental component of the Solana network. They enable the network
to perform load balancing during spikes and lulls in activity, prevent malicious transaction
broadcasting intended to congest the network (spam mitigation), and provide economic
incentives for validators. The fee structure comprises two distinct elements:

base fee — the mandatory standard charges for transaction processing;

priority fee — optional additional fees paid to increase transaction priority [5].

The base fee is a fixed charge levied on the transaction's originating account (or accounts)
for the utilization of network infrastructure and resources. Currently?, the base fee is set at
5,000 lamports (0.000005 SOL) per transaction signer (typically, there is only one).
As previously noted, this fee is static and remains independent of the actual amount of
computational resources consumed by the transaction.

The volume of resources required to execute a transaction in Solana network is measured
in Compute Units (CU)®. Thus, Compute Units serve as a metric for the computational
complexity of a transaction. The CU count is determined dynamically through an analysis of
the executable program's bytecode. The Solana Virtual Machine (SVM) operates using SBF
(Solana Bytecode Format), which is a modified version of the Linux eBPF* bytecode. Each
SBF instruction has an associated approximate cost in CU; the total transaction cost is the sum
of the costs of all operations within its instructions, plus additional overhead (e.g., system calls,
Cross-Program Invocation (CPI) operations, and data transmission size).

The incentive structure of the reward system is designed such that it is suboptimal for
validators to prioritize transactions with high CU requirements when the base fee remains fixed
and uniform for all. To quantify a validator's incentive to include a specific transaction, we
propose a metric representing the cost per single CU: the Compute Unit Price:

X
CUprice = = , ¢ € D, 1)
CUcount

where cu,,c. is the price per single CU;

2Solana Fees in Theory and Practice. Available at: https://tinyurl.com/39z3mz7v (accessed 23.01.2026).
3Lifecycle of a Solana Transaction. Available at: https://tinyurl.com/mrxpbhfh (accessed 23.01.2026).
4Solana Documentation. Programs. Available at: https:/tinyurl.com/2d34z28u (accessed 23.01.2026).
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ClUcoune 1S the total number of CUs consumed by the transaction;

¢, 1s an element of the set &, which includes all transaction-related fees (base fees,
priority fees, validator-specific tips, etc.).

To address the issue of CU devaluation in computationally intensive transactions, the
priority fee mechanism was introduced as an optional feature. The essence of this mechanism
lies in increasing the value of ) ¢,, from equation (1) by incorporating a new fee component —
the priority fee — into the set ®°.

Typically, the priority fee is calculated as the product of the total CU count and the desired
price per unit of CU (excluding base fees, which are constant). It is specified in microlamports
to ensure it can always be represented as an unsigned integer.

The priority fee mechanism only partially addresses the issue of excessive prioritization
for lightweight transactions. Certain services, such as Decentralized Exchanges (DEXS),
generate a high volume of simple swaps involving specific accounts, which can hinder the
inclusion of critical transactions even when they carry high priority fees. To mitigate this, a
further optimization was introduced: local fee markets®.

The essence of this mechanism lies in partitioning the network into numerous segments
centered around specific accounts (for instance, those belonging to the aforementioned DEXS)
and establishing an isolated auction for transaction inclusion within each segment.
Consequently, only homogeneous transactions compete against one another, allowing the
priority fee mechanism to function with greater precision. Each segment maintains its own
execution queue, which ensures the timely delivery of transactions to the validator.

— Contest Success Function

In game theory, there is a well-established game-theoretic framework for analyzing
conflicts by representing them as contests. A contest is defined as a game in which participants
exert effort to secure a specific prize [3]. This model is extensively applied across various fields,
ranging from military conflict and economic activity to evolutionary biology.

To model such games, a class of functions is employed that maps the formalized efforts
of players to their respective probabilities of winning the competition. These are known as
CSF [4].

Let us consider an effort vector G, containing numerical representations of the efforts
exerted by players to secure winning in the contest. Furthermore, let each player i have a
corresponding win probability p;.

It is important to note that for a more systematic approach to constructing a CSF, three
fundamental axioms have been established [6]. These axioms define the baseline conditions for
conducting contest-based games:

Axiom 1. The win probability p; > 0 if the effort G; > 0. Furthermore, there is no
scenario in which a winner is not determined:

Zn:Pi =1 (2)

SSolana Fees in Theory and Practice. Available at: https://tinyurl.com/39z3mz7v (accessed 23.01.2026).
®The Truth about Solana Local Fee Markets. Available at: https://tinyurl.com/ar4ytw6p (accessed
23.01.2026).
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Axiom 2. For all i € N, the probability p; is monotonically increasing in G; and
monotonically decreasing in G;, forall i # j.

Axiom 3. For any permutation =, the following equality holds:
Pniy(6) = (G, Gr,p--,Gr),  ViEN. 3)

In summary, the first axiom and condition (2) demonstrate that a CSF (let it be a generic
function f(x) for better representation) satisfies the two fundamental criteria of a Probability
Density Function (PDF), namely:

Non-negativity — the function satisfies f(x) = 0 for all x;

Determinism (Normalization) — the sum of outcomes for all possible x . f(x) =1 or
[ f(x)dx = 1, for continuous sets.

In the context of the CSF, the parameter x represents G;.

Axiom 2 asserts that a player's win probability increases relative to their own effort and
decreases relative to the efforts of other players. Axiom 3 describes a crucial condition for
conducting a contest: anonymity. This dictates that a player's probability of winning must not
depend on their identity or the identities of their opponents; only the exerted efforts should be
of consequence.

Furthermore, for the sake of simplicity, let us assume (4) that each game involves a
minimum of two players:

|G| = 2. 4)
Consequently, the CSF in its general form [2] can be expressed as follows:

fi(Gy) .
Di ?=1fj(6j)' vi=1,...,n. (5)
It can be observed that the CSF incorporates a function f;, known as the efficiency
function, which describes exactly how the efforts exerted in the game are distributed. In other
words, the presence of an efficiency function allows the abstract model to be adapted to various
subject areas and to describe them with greater precision. It is crucial to remember that the
efficiency function itself must satisfy the CSF axioms.
A canonical example of the efficiency function can be found in the work of Gordon
Tullock [1]. He applied the CSF to the rent-seeking market. His version (6) involves raising the
measure of effort to a certain scalar power R:

pi:— Vl:].,,n (6)
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The scalar R how discriminatory the CSF is, it is used to increase the sensitivity of CSF to
changing incoming bids. A higher value of R amplifies the advantage of superior bids, making
the auction more deterministic, while a lower R introduces a higher degree of stochasticity into
the selection process. In other words, in the limit as R approaches infinity, higher bids win with

probability 1, otherwise, in the limit as R approaches zero, each bid wins with probability%

where n is a general number of bids in the auction.

As an alternative that is more sensitive to small variations in effort, the logit model (7) is
used [2]. Inthis case (7), the evaluation incorporates not only a certain scalar but also exponents:

kG

bi =5 kG;’
j=1€""

vi=1,...,n (7)
Some functions (8) suggest applying individual efficiency metrics expressed through weights
w; > 0 instead of common scalars for each participant. These weights serve as an indicator of
an individual player's personal efficiency:

G;w; Vi=1 @®)
Pi==—0o, i=1,...n
COXGw

In some cases (9), games account for a personal bias coefficient a; > 0:

GiWi + a; Vi 1 (9)
bi = ) t1=1,...,n.
t ;-lzl G]W] + aj

Options (8) and (9) are frequently combined with the Tullock efficiency function:

GiRWi + a; Vi 1 (10)
pi = R ) t=1,...,n
j=1Gi Wt q

In general, any combinations that do not violate the established CSF axioms are
permissible. Occasionally, certain efficiency functions emerge that fall outside the standard
CSF framework. For instance, there is a model (11) asserting that the difference in effort is the
sole determinant of the game's outcome [2]:

p1 = p1(0Gy — Gy),p, =1 —py, (11)

where o is a common scalar.
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— Problem Statement

As previously established, auctions for transaction inclusion in blocks occur permanently
within each individual local fee market. A distinctive feature of these auctions is that
participants can increase their probability of winning by increasing their bid per CU. In other
words, there is a direct correlation between the CU price in a transaction and the probability of
that transaction being included in a block.

This scenario presents a classic non-cooperative game, where CSF can be applied to
describe the dependence between the proposed price and the probability of success (inclusion
in a block). The objective of further research will be to evaluate the overall effectiveness of the
CSF in solving the problem of optimal fee calculation. By that we mean determining the
minimum CU price required to ensure transaction inclusion with a predefined probability
threshold. Subsequently, it is necessary to determine which specific functional form of the CSF
provides the most accurate model based on the efficiency metric.

The most effective solution will be defined as the one that maximizes the ratio of the
success rate (inclusion within the target percentile) to the average proposed CU price over a
statistically significant sample of transactions. This efficiency metric is formalized by
expression:

h = —— 10000, (12)

avg

where ¢ — the success rate, percentage of transactions successfully included in the target
percentile;
By, — the average predicted CU price (average bid).

Therefore, the coefficient h represents the cost-efficiency of the strategy, measured as the
success rate per unit of the average bid. It quantifies the yield of inclusion probability relative
to the expenditure per CU.

That is, we have two main tasks:

1. Comparative effectiveness analysis: to evaluate the performance of the CSF in
predicting optimal transaction fees relative to a baseline solution (the simple moving average
of historical fees).

2. Structural optimization: to conduct a comparative assessment of various CSF
configurations (by varying the decisiveness parameter R) to identify the functional form that
yields the highest predictive accuracy and economic efficiency (using the criterion (12) for
estimation).

— Working Model

To reiterate, for the purposes of this task, we define the following parameters:

target percentile — the percentile value is determined arbitrarily (set to 70 % for this
experiment) and is calculated across all transactions within a block;

winning in the contest — the inclusion of a transaction into the blockchain block within a
target percentile;

measure of effort — the price in microlamports offered per CU in the transaction.
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A critical feature of the Solana local fee market auction is that the number of participants
Is not known in advance. This is a significant challenge for the CSF model, which typically
assumes a visible (non-hidden) game. To address this, we propose an historical data analysis
approach.

While we lack real-time data on current bidders, the blockchain provides a transparent
record of participants and their bids in previous blocks. This allows us to calculate the win
probability for a hypothetical incoming bid based on past performance.

The approach is as follows: Let B be a specific incoming bid, and BH be a historical
dataset of the T most recent blocks (thus |[BH| = T). From BH, we extract a subset BH, of
size n (the size may vary) representing the bids data from a specific block t. The probability of
winning for bid B in block t can then be calculated using formula:

f(B)
f(B)+ ¥, f(BHy;)

P.(B) = (13)

Consequently, to estimate the total win probability of bid B in the current auction, we can use
the mean value of the probability estimates derived from past auctions. The estimation of the
probability is described by expression:

PBY =2 ) P(B). 19
t=1

A bid B is considered optimal if it is the minimum possible entry bid such that its win
probability P(B) is greater than or equal to a pre-defined target inclusion probability Piarget-
The formal condition:

Bopt = argming{B | p(B) = Ptarget}- (15)

Experimental Design

To test the effectiveness’ of the win probability predictions, a series of trials will be
conducted. In these trials, transaction fees will be calculated using a CSF with various classical
efficiency functions. A distinct set of tests will be performed for each efficiency function to
evaluate its performance independently.

The trial itself will consist of an auction emulation task within the Solana network.
The goal is to predict the CU price (in microlamports) required to reach a specific target
percentile in a control block.

"According to criterion (12).
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A historical data sample BH,, is collected with a window size of T;, = 20. Based on this
data, a price bid is generated for the subsequent control block using each of the tested strategies.
A prediction is deemed successful if the proposed price falls within the specified P4y ge¢ in the
control block. Note that no actual transactions will be submitted to the blockchain during this
experiment.

It is important to note that the blocks in the historical sample BH,, are not necessarily
consecutive; however, they strictly adhere to rule:

S'iy1=min{x € §,x>S';}, (16)

where S’ — the set of slot numbers corresponding to the blocks included in the historical sample
BH,,;

S — the set of slot numbers corresponding to all available blocks for which historical
information is recorded.

The slot number for the control block is calculated using formula:

S, =min{x € S,x > max{x € S'}}. (17)

Since participant bias® and individual efficiency metrics® are irrelevant within the Solana
network, the experiment will exclusively utilize the standard Tullock function (6).

The Logit model, on the other hand, proved to be excessively sensitive to minor data
fluctuations — a characteristic that is critical, if not fatal, for this specific domain. While this
does not imply that the Logit model is fundamentally inapplicable, it clearly necessitates a
degree of data preprocessing to be viable.

A naive approach will serve as the competing model for the CSF during the experiment.
In this model, the optimal fee is defined as the average fee observed across the historical
sample BH,,. To calculate this average, all fees that success fully reached the P44, Within

their respective historical blocks (BH,,;) are included. The naive method is formalized by
expression (18):

TW
1 _
BOpt = T_Z Pt’ (18)
Wit=1
where
P, = avg|Percentile(BHyy, Prarget)]- (19)

8From model (9).
°From model (8).
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In summary, the experiment will consist of two distinct rounds of testing:

— testing the standard Tullock function (6);

— testing the competing (naive) model (18).

Within the round dedicated to the standard Tullock function, multiple sets of trials will
be conducted using different values for parameter R. These trials are essential because the
precise impact of effort (bid amount) on the win probability within the Solana network cannot
be determined theoretically. The only reliable method to ascertain which values accurately
describe the auction dynamics is through empirical measurement during this experiment.

— Results and Data Analysis
A total of 632 trials were conducted. The results regarding the average proposed CU price
across the different models and parameters are summarized in table 1.

Table 1
Average Proposed CU Price
Strat Decisiveness Average Proposed CU
aregy Parameter (R) Price (microlamports)
Naive Percentile B 51978002
Average
0.0625 2483163.84
0.125 290720.89
0.25 120003.72
0.5 99960.52
Standard
Tullock CSF 1 97516.06
5 86047.23
10 83062.10
15 82042.25
20 81538.84

The results for reaching the target percentile are presented in table 2. This table also
includes the final strategy efficiency metric.
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Table 2
Target Percentile Success Rate
Strategy Decisiveness | Target Percentile | Strategy Eﬁiciency
Parameter (R) | Success Rate (%) Metric (h)
Naive Percentile B 87 66 1,686
Average
0.0625 80.22 0.323
0.125 71.20 2.449
0.25 62.03 5.169
0.5 60.60 6.062
Standard Tullock
CSE 1 62.82 6.442
5 63.61 7.392
10 62.66 7.543
15 61.55 7.502
20 61.55 7.548

Fig. 1 illustrates the graph of the predicted CU price values relative to the control block

number.
1e8 Predicted CU price per blocks

— tullock_15

51 tullock_0_0625
tullock_1

—— tullock_0_5
tullock_10

— avg

49 tullock_0_25
tullock_20
tullock 5
tullock_0_125

== AVERAGE

CU price

04 PO S - o S, _.L....___...a___..__..______.._.___.._.-_____..A ____________

6 160 ZII)U 360 460 5[30 660
Control block number

Fig. 1. Plot of the predicted CU price values relative to the control block number
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As illustrated in fig. 1, the tullock 0 0625 strategy (Standard Tullock CSF with
R = 0.0625) produces disproportionately higher CU prices compared to all other evaluated
strategies. Due to this significant scale disparity, which obscures the performance of alternative
models, this specific plot is omitted from fig. 2 to provide a clearer visual comparison of the
remaining results.
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Fig. 2. Plot of the predicted CU price values relative to the control block number (without tullock_0_0625)

The scale of fig. 2 allows for a better assessment of the robustness of each solution to
volatility and sudden data fluctuations within individual blocks (e.g., abnormally high auction
activity). It is evident that all solutions, except for tullock_0 125 and the simple average
(baseline), remain relatively stable. Furthermore, the behavior of tullock_0_125 aligns closely
with the expected performance of models characterized by a low R parameter.

— Conclusion

The results indicate that the Tullock strategy with a decisiveness parameter of R = 20
demonstrated the best'® overall efficiency. It reduced fee expenditures by more than sixfold,
while incurring a 26 % loss in percentile hit accuracy compared to the simple average strategy.
In this configuration, the method can be useful for regular users or services that perform a large
number of transactions. That is, all those who are not too sensitive to the loss of accuracy and
willing to exchange it for savings.

For time-sensitive transactions, we recommend using CSF with R = 0.125. This setting
provides a higher level of accuracy (16 % loss) while still maintaining a twofold reduction in
fees. The parameter value of R = 0.0625 proved to be inapplicable for solving this particular
problem, as its extreme sensitivity to outlier bids (fee spikes) from other participants led to
inconsistent performance.

©According to criterion (12).
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These findings suggest that the decisiveness parameter R serves as a powerful tuning
mechanism for model efficiency. It allows the solution to be adapted not only to diverse user
requirements but also to be dynamically adjusted based on real-time network congestion
and load.

The obtained results allow for the conclusion that the CSF based on the standard Tullock
model can successfully compete with the simple average algorithm in terms of CU price
prediction efficiency within Solana network auctions. This makes it worthwhile to further
explore the prospects of applying such models to optimize transaction costs in networks with
similar architectures.

In particular, future research should expand the set of collected metrics by including the
mean deviation from the target percentile. Furthermore, data collection should encompass not
only standard priority fees but also tips collected by modified validators! for the right to include
transactions in specialized bundles for accelerated processing.
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