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pimeHHsi, Taki sk Terraform, sxi 3a0e3meuyyroTh OUIBIIY THYYKICTH Ta

KpOCIIaT(MOPMEHICTb.

OpHi€ero 3 KIIIOYOBUX Cep 3aCTOCYBaHHSI XMAapHUX TEXHOJIOTiH € [HTepHeT peueit
(IoT), sixuit nependavae B3aEMOJIII0 BEIMKO1 KUTBKOCTI IPUCTPOIB, IO TEHEPYIOTH J1aH1
y peanbHOMY 4aci. Taki cucteMu noTpedyroTh HaAIMHOI IHPpacTpyKTypH I 300Dy,
nepenavi, o0poOku Ta 30epiranus iHpopmarii. Buxopucranus [aC y 1ipoMy KOHTEKCTI
JI03BOJISIE aBTOMATH3yBaTH PO3TOPTaHHS KOMIIOHEHTIB CHCTEMH, BKIIIOUAIOUN CEPBICH
00poOKHM MOTOKOBUX JIaHMX, CXOBHIIA Ta IHTepdeiicu goctymy [5].

VY konrtekcti modynoBu loT-cucrem y xmapHomy cepeposuii Google Cloud
MOXKYTh BUKOPHCTOBYBATHCS Pi3HI CEPBICH, IO 3a0€3MEeUyI0Th 00pOOKY Ta rnepeaaqy
naHux. 3okpema, cepBic Pub/Sub 3actocoByeThcs sl mpuiioMy Ta 0OpOOKH
MOTOKOBUX moBiAOMIeHb Biag npuctpoiB, Cloud Run ta Cloud Functions — s
BUKOHAHHSI OOYHMCIIOBAJIBHUX 3aJlad y peXKuUMi peasibHOoro uacy, a BigQuery a6o
Firestore — ny1s1 30epiranss Ta anani3y gaHux [S]. st oprasizaiii JOCTYIy 10 CUCTEMHU
MOXyTh BUKopuctoByBatucs APl Gateway, 1o 3a6e3nedye B3a€MO/I10 13 30BHIITHIMHU
KJII€EHTaMHU.
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ROLLUPS AND DATA AVAILABILITY FOR INCREASING THE
EFFICIENCY OF BLOCKCHAIN TRANSACTIONS PROCESSING
Dvorchuk D., Shpinareva L.

Odessa I. I. Mechnikov National University, Ukraine

Anomauia. Y cTarTi pPO3MNISIHYTO apXiTEKTypH pOJAmiB APYyroro piBHS Ta
MexaH13Mu 3a0e3MeueHHs JOCTYMHOCTI JaHUX Y KOHTEKCTI MiABUILEHHS e(eKTUBHOCTI
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0o0poOkn Tpan3akmiid. [lokazaHo, MmO MacmITa0yBaHHS JOCSTAETHCA 3aBISKU
NaKeTyBaHHIO OTepallii, BUHECEHHIO BHKOHAHHA 3a MEXi MEpIIoro piBHA Ta
palioHalbHIM  opraHizamii nmyOmikamii gaHux. OKpecleHO BIIMIHHOCTI MiX
ONTHUMICTUYHUMH pOJIallaMUd Ta poJIallaMd 3 HYJbOBUM PO3TOJIOLICHHSIM, a TaKOX
BU3HAYCHO BHUOIPKOBY TEPEBIPKY MOCTYIHOCTI JaHHWX SK MEPCHEKTUBHUN HAMPSIM
MOJIAJIBIINUX JTOCIHIIKECHb.

Kniouosi cnoea: OnoxueiliH, apyruii piBeHb, poOJamnM, JAOCTYIHICTH IaHUX,
BUOIpKOBA MepeBIpKa JOCTYITHOCTI JIaHHX.

Abstract. The paper examines Layer-2 rollups and data-availability mechanisms
in the context of improving transaction processing efficiency. It is shown that
scalability depends on batching, moving execution beyond L1 and a rational
organization of data publication. The difference between optimistic rollups and zk-
rollups is outlined, and data availability sampling is identified as an important research
direction.

Keywords: blockchain, Layer 2, rollups, data availability, data availability
sampling.

The low efficiency of classical blockchain systems is rooted in the need to replicate
execution, verification and storage across a broad set of nodes. This design preserves
trust minimization, but it sharply limits throughput and increases fees as demand
grows. Recent literature therefore interprets scalability as a problem of separating
execution from settlement and data publication while keeping the security guarantees
of the base layer intact. Rollups address this problem by moving most transaction
execution beyond Layer 1 and using the main chain primarily for settlement and
dispute resolution [1-3].

The core efficiency mechanism of a rollup is batch processing. A large number of
user operations are aggregated, compressed and represented on Layer 1 by a much
smaller data object. Because the verification cost of the batch is shared by many
transactions, the effective cost per transaction decreases. Optimistic rollups achieve
this effect through fraud-proof logic and a challenge period, whereas zk-rollups rely on
validity proofs and usually offer faster finality. The first model is simpler to integrate
with existing virtual-machine environments; the second gives stronger cryptographic
assurances, but requires more complex proving infrastructure [1-3].

At the same time, the throughput gain of rollups depends directly on data
availability. If an operator publishes only a state commitment and withholds the batch
data, users may be unable to reconstruct the state, challenge invalid transitions or safely
withdraw funds. For this reason, recent studies treat data availability not as an auxiliary
function, but as a core security condition of scalable Layer-2 systems [3, 4]. From an
engineering viewpoint, this creates a trade-off: publishing all batch data on Layer 1
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yields the strongest guarantees, whereas external DA mechanisms reduce cost but
introduce additional assumptions. Current rollup practice increasingly relies on blob-
oriented publication, discussed in connection with EIP-4844, because it lowers the cost
of posting data compared with traditional calldata [3].

A promising way to preserve efficiency without requiring universal replication is
to use cryptographic retrievability and data availability sampling. These methods allow
participants to verify, with high probability, that dispersed data can be recovered, while
communication overhead remains substantially lower than in full on-chain storage [4,
5]. Hence, the future of efficient blockchain transaction processing depends on a
combined architecture: rollup batching for execution, economical DA mechanisms for
publication, and formal cryptographic guarantees for data recovery. Further research
should focus on the security of external DA layers, interoperability between rollups
and latency reduction without weakening independent verifiability [3-5].
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