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Abstract. This article investigates the problem of determining a fair reclaim price in
fractionalized token markets on the Solana blockchain. The research object is the reclaim process,
where minority holders must be compensated without exposure to short-term manipulation.
The method introduces a program-derived account structured as an 11.5 kB circular buffer
storing 720 hourly market prices, combined with an exponential decay weighting scheme with
a 24-hour half-life to compute a time-weighted average price. Simulation results demonstrate
that extreme pump or dump attempts within the final 72 hours before reclaim have a negligible
effect on the computed value. The study concludes that the proposed mechanism ensures
fairness for minority holders while maintaining cost efficiency in storage and transaction fees.
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AHHOTamud. JJlaHHasT CTaThs UCCIIEMyeT MPOOJIeMY ONPeaeICHNS CIIpaBeUTMBOM 1IEHBI BHIKYITA
Ha pBIHKE (PpPaKIMOHHBIX TOKEHOB B OJIoK4eiiHe Solana. OOBEKTOM MCCICIOBAHMS SIBJISICTCS
MPOLECC BBIKYIIA, IIPXM KOTOPOM Minor-aepxarein J0JKHBI ITOJIyYUTh KOMIIEHCALMIO 0e3 pucKa
B KPaTKOCPOYHOM IMepcIeKTrBe. MeToa BKII0YaeT UCIIOIb30BaHKME aKKayHTa, CTPYKTYpUPOBaH-
HOIO B BUJIe KojblieBoro oygepa oobeMom 11,5 kb, xpansiero 720-4acoByl0 pbIHOUHYIO CTOU-
MOCTh, B COUETAHUM C CXEMON B3BEIIMBAHUS C SKCITOHEHIIMAJILHBIM 3aTyXaHWEM B 24 Jaca IS
BBIUMCJICHUST CKOJIB3SIICH CpemIHeil IIeHBI, B3BEIIICHHOI 110 BpeMeHH. Pe3yabTaThl MOACIMPOBa-
HHS TIOKA3BIBAIOT, YTO KCTPEeMaIbHEIC TTOMMBITKHA pump-and-dump (TmaMI-sHI-IaMII [ “HaKayaTh
1 cOpocuth”’]) B mocienHue 72 yaca Iepel BHIKYIIOM OKa3bIBalOT HE3HAYMTEILHOE BIMSHHUE Ha
pacCYMTaHHYIO CTOMMOCTb. 1o pe3ybTaraMm MCClIeqoBaHMs, aBTOpaM yAaeTCs 3aKII0YUThb, YTO
MPEeIIOXKCHHBIA MEXaHM3M 00eCIeYMBaeT CIPABEIIMBYIO LIEHY [UISI minor-aepxareieil, Impu
5TOM COXpaHsSId 3(pPEeKTUBHOCTD 3aTpaT Ha XpaHEeHWEe M KOMMCCHU 3a TPaH3aKIIVU.

KioueBbie ciioBa: (hpaKIIMOHHBIE TOKEHBI, MAaHUMY/ISIIIMOHHO-YCTONUMBAsI B3BEIlICHHAS IO
BpPEeMEHM CpeIHss lieHa, B3BELIMBaHME C BKCIOHEHLMAJIbHBIM 3aTyXaHMEM, aKKayHT Solana,
KoJIblieBOl Oydep, leHooOpa3oBaHue B OJ0KYeiiHe, MeXaHu3M BbiKyIa, OpenBook, sHeproad-
¢extuBHOE XpaHeHue, DeFi-cripaBeainBoCcThb
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Introduction

Fractionalization Protocols

Fractionalization protocols (CoinMarketCap Academy) are decentralized systems that allow
a digital asset, such as a token or NFT, to be split into many smaller fractions that can be traded
individually (Chen, 2020; Mishra, 2024). For example, an artwork represented by a non-fungi-
ble token (NFT) (NFT Evening) can be fractionalized into hundreds or thousands of fungible
tokens (Figure 1), enabling many users to hold partial ownership.

At some point, when a majority holder decides to reclaim the full asset, the protocol must
determine a fair price to compensate the minority holders who give up their fractions. This
reclaim price is critical, as it ensures fairness in the protocol and prevents disputes (Figure 2).
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Fig. 1. Fractionalization.

Fig. 2. Reclaim.

This work addresses the challenge of determining a fair, manipulation-resistant price for
token reclaim events in fractionalized markets on the Solana blockchain (Solana Foundation).
When tokens are fractionalized and later reclaimed, the reclaim price must reflect a stable and
unbiased market value. Without safeguards, last-minute price manipulation, through artificial
pumps or dumps (Fama, 1965; Faheem, 2024), could distort the average price, allowing major-
ity holders to unfairly benefit at the expense of minorities. To solve this, we design a two-layer
time-weighted average price (TWAP) system. First, we maintain a rolling 30-day window of
hourly prices collected directly from the market. Second, we apply exponential decay weighting
so that earlier values dominate, while the most recent values have negligible influence. This
ensures resilience against manipulation attempts close to the reclaim event.

Requirement and Goal

The requirement is that a pool or market must exist for at least 30 days before a reclaim
operation can be executed. During this period, hourly prices are recorded regardless of volume.
The goal is to ensure that any reclaim price is derived from long-term market behaviour rather
than short-term volatility (Lo, 1999; Painter, 2024; Pezzella, Pliushch, 2022).

Specifically, the system must:

— Collect and store 720 recent hourly prices (~30 days).

— Enforce exactly one price record per hour to avoid spam or manipulation.

— Provide a reclaim price that reflects long-term equilibrium.

— Prevent last-minute trades from altering the TWAP outcome.
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Materials and Methods

The foundation of the design is a program-derived account (PDA) (Solana Foundation)
called a PriceRing (Figure 3), which stores the most recent 720 hourly prices. The PriceRing
is implemented as a circular buffer, meaning that once 720 entries are filled, the oldest entry is
overwritten automatically by the newest price.

The account layout includes a pointer (head) to indicate the next write position and an array
of 720 PricePoint structures, each containing a slot number and a price. The total memory re-
quirement is approximately 11.5 kB, corresponding to 0.081125 SOL (Figure 4) of rent (Solana
Foundation. Rent-Exemption and Accounts) on the Solana mainnet.

Fig. 3. Program Derived Address (PDA).

Fig. 4. Rent-exempt on Solana mainnet for 11.528 kB.

Writing Logic and Circular Buffer

In the writing logic (Figure 5), we will store the newest 720 hourly prices in a circular buffer
inside the PDA. That is, every ~9000 slots (1 hour) (Solana Foundation. Slots and Time), we
call an instruction that reads the latest traded price and writes it into the ring.
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Fig. 5. Writing logic.

As we can see, after 720 calls, the pointer has wrapped once; in this case, ring.head repre-
sents the oldest entry and will be overwritten in the next hour, which means that we have an
O(1) circular buffer. Furthermore, since this instruction writes the 16-byte struct PricePoint, it
incurs a gas fee per update.

Slot-Gate (Anti-Spam)

Next, to enforce exactly one write per hour and prevent spam (someone calling multiple
times in an hour), we add a slot gate at the beginning of the instruction (Figure 6):

Fig. 6. Slot gate.

As we can see:

— ring.head acts as an implicit hour-counter (mod 720).

— The formula gives the earliest slot at which the next price is allowed.

— Calling before that slot fails with TooSoon and costs only the transaction fee.
— Calling on or after that slot succeeds, stores the price, and advances ring.head.

Let us assume that the creation slot is slot number 100 (market.creation_slot = 100) for
simplicity of illustration in Table 1.
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Table 1. Example of writing logic.

ring.head (%-720) | hours due_slot calculation allowed succeeding slots | What happens after writing
0 0 100+9000x0=100 100 ... 8999 store at idx 0, head — 1
1 1 100+9000x1=9100 9100 ... 17999 store at idx 1, head — 2
2 2 100+9000x2=18100 18100 ... 26999 Store at idx 2, head — 3
719 719 | 100+9000x719=6471100 6471100 ... 6479999 store at idx 719, head
—> 0 (wraps)
0 (again) 720 100+9000x720=6480100 6480100 ... 6488999 overwrites idx 0, head — 1

So, anyone can call at any time, but the call will be processed only if it is in the range of
the allowed succeeding slots.

Price Source (OpenBook)

Next, price sources come from OpenBook, an order book protocol that will allow us to
create our market after fractionalization and trade the fractionalized tokens. The function
get_price() in Figure 5 returns the last-traded price in lots from OpenBook using its FillEvent
state and Market state. As we previously saw, the function is called once every hour and returns
a single number we can directly store in the ring PDA. We can see the detailed implementation
of the function in Figure 7.

Fig. 7. Function that gets the prices from OpenBook.
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As we can notice, prices are sourced from the OpenBook market through the following hi-
erarchy:

1. Last traded price from the event heap.

2. Previous stored price if no trade occurred.

3. Mid-price between best bid and best ask if no historical data is available.

This approach allows us that in case there is no trade in a specific hour, no slot is skipped
because the ring simply duplicates the previous hour’s price, which correctly shows the market’s
real feeling.

Once the buyback is triggered, for reading the prices data in our PDA for TWAP, we can
start at the next write index (ring.head + 1) and walk forward 720 steps, wrapping around %720.
Because the ring is circular, this gives us the entries from the oldest to the freshest. Figure 8
shows the reading logic.

Fig. 8. Reading logic.
For a better understanding, let’s see an example. Let’s we have a small ring of 4 slots.

Table 2. Example of reading logic with a small ring.

Index 0 1 2
Data D A

alw

And let’s suppose the head is at position 2 (head=2). Then, the iteration would be:

Fig. 9. Iration logic example.

That means that C, D, A, B is the chronological sequence we would need for the window
prices. Same idea applies with 720 elements.
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price_window=|price_1,price_2,price 3,...,price_719,price_720]

After 30 days (720 hourly entries) from the market start, the reclaim becomes possible. Now,
the rolling prices window written in our PDA allows that we are always looking at the recent
prices performances from the moment the reclaim is done (30 days = 720 hours = 6480000
slots). It doesn’t matter if the claim is done right after it's unlocked or 10 years later. It will
always show fresh market data.

2.5 Decay-Weight Formula

The next step, is calculate the weights w_i of each price in our window using exponential
decay (Epstein, 1996; Mazieri, 2022) with a half-life parameter of 24 hours (every 24 hours, the
weight gets cut in half). For that, we can use the formula (1):

W= (1)

Where t is the i-index of the price in the prices window. Weighting the prices using (1) we
get:

Table 3. Price weighting process.

Price, w, =27 W,

Price, w, =20 w, =0.97

Price, w, =207 w, =0.94

Price, w, =207 wy; =0.91

Price, Wy = 207129 w;5 =0.0000000009867018967
Price,, Wy = 207172 W, =0.0000000009586124091
Price,, Wy, = 2077202 Wo,, = 0.0000000009313225746

Finally, the final price per token P for the minority pay-out will be calculated as follows:
720

2(p*w)
pP== 720 2

Where p; correspond to each price in the prices window and _y the respective weight. As
we can notice in Table 3, the latest prices in the window have less weight, hence less influence
in the total average which prevents from any latest huge pump/dump influence in the total
price. The Figure 10 below shows the graph of the equation (1). Notice that with 24 hours
half-life parameter, after the first 25 hours (first 25 prices), the weight drops to 0.5, making
practically impossible profitable to any attacker to influence the price in last minutes/hours
before the reclaim.
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Fig. 10. Graph of equation (1).

Next, graphs in Figure 11 show that the smaller the half-life parameter, the faster the weight
drops and the harder it becomes for an attacker to succeed.

Fig. 11. Weights graphs for different half-life parameters.

Results and Discussion

Now, using the script in this repository, let us calculate, using the formula (2), the price per
token in three different scenarios:

SCENARIO 1I:

Let us assume that there is no attempt of price manipulation and the price per token in the
30-day window varies from $3.0 to $5.0 randomly. Figure 12 shows the simulation results:
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Fig. 12. Simulation results of scenario 1.

As we can notice in the figure above, the price in the first 5 hours after the start of the TWAP
window have higher weights, and the prices in the last 5 hours have lower weights. Here, the
final price per token is $3.975946944083261, reflecting the central tendency of the market.

SCENARIO 2:

The price per token has been moving from $3.0 to $5.0 randomly, but in the last 72 hours,
the price has been intentionally pumped to $50.00 (pretty high compared to the range of $3.0-
$5.0 that it has been moving in). The result is shown in Figure 13:

Fig. 13. Simulation results of scenario 2.

As we can notice, the extreme pump in the final 72 hours has a negligible effect on the final
average price, so the final price per token is $3.975947243946151. This means that, even if the
attacker intentionally pumps the prices by buying $3.00 - $5.00 tokens at $50 during the last 72
hours with the aim of having influence on the average price per token for when the reclaim is
done, it has a completely negligible effect and at the same time is not profitable at all.

SCENARIO 3:

The price per token has been moving from $3.0 to $5.0 randomly, but in the last 72 hours,
the price has been intentionally dumped to $0.10 (pretty low compared to the range of $3.0-
$5.0 that it has been moving in). The result is shown in Figure 14:
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Fig. 14. Simulation results of scenario 3.

Here, similar to the previous result, the extreme dump in the final 72 hours also has a neg-
ligible effect on the final average price, so the final price per token is $3.975946918635178.

These three scenarios confirm that exponential decay nullifies the effect of short-term anom-
alies while maintaining fairness for all participants.

Cost and Efficiency Analysis

— Storage: Each PDA requires 11.5 kB of space, equivalent to 0.081125 SOL for rent-ex-
empt status. This cost is paid once and reclaimed when the account is closed.

— Transaction Costs: Each hourly update requires writing a 16-byte structure, costing about
5000 lamports [14].

— Performance: The circular buffer design ensures a constant time complexity (Cormen,
2009; Curley, 2022) for insertion and reading for TWAP calculation, which is computationally
efficient on-chain.

Conclusion

The combination of a rolling 30-day window and exponential decay weighting provides a
robust framework for reclaim pricing. Simulation confirms that manipulation attempts in the
last 72 hours fail to meaningfully alter the outcome. Meanwhile, stale historical data is auto-
matically excluded after 30 days, ensuring relevance.

This design balances efficiency and security. The PDA storage footprint is minimal, and the
update cost is affordable. The reclaim mechanism guarantees fairness for minority holders while
discouraging majority holders from attempting manipulative strategies.

1. A program-derived account (PDA) structured as a circular buffer efficiently stores 720
hourly prices, providing an on-chain dataset of 30 days with minimal memory footprint (~11.5
kB) and affordable rent cost (~0.081125 SOL).

2. The hourly update mechanism, combined with slot-gate validation, guarantees exactly
one valid price record per hour. This prevents spam and manipulation, ensuring data integrity
throughout the observation window.

3. The multi-source pricing method (last traded price, previous price reuse, and mid-price
fallback) ensures that the system always produces a valid hourly price, even under conditions of
low liquidity or no trading activity.

4. The application of exponential decay with a 24-hour half-life establishes a direct connec-
tion between time and price weight, making earlier prices significantly more influential than
recent ones. This effectively neutralizes the impact of short-term volatility or last-minute ma-
nipulation attempts.

5. Simulated scenarios demonstrate that extreme price shocks (pump or dump within the last
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72 hours) do not materially affect the final TWAP outcome, confirming the robustness of the
weighting scheme.

6. The reclaim price, derived from the exponentially decay-weighted TWAP over the rolling
30-day window, reflects fair market value and ensures equitable treatment of minority holders
during reclaim events.

7. The proposed method balances computational efficiency (O(1) insertion, O(720) retrieval)
with economic feasibility (~5000 lamports per hourly update), proving its practical applicability
in Solana-based fractionalization protocols.
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