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Abstract with the proliferation of Non-Fungible Tokens (NFTs), NFT auctions on the blockchain have become
widely used as a form of digital content trading. NF'T auctions require high-frequency transaction processing because
bids from many participants are repeated in a short period. However, many conventional auctions are executed on
a single blockchain, facing challenges such as soaring gas costs due to increased bidding and transaction processing
delays caused by network congestion. Consequently, the scalability of the entire system is limited as the number of
participants increases, making it difficult to realize large-scale auctions. In this paper, we propose an NFT auction
architecture using a multi-layer blockchain to address these issues. The proposed method adopts a configuration
where NFT custody and final settlement processing are performed on the main chain (Layer 1), while bidding
processing is executed in parallel on multiple Layer 2 chains and sidechains. Furthermore, a Relayer collects the
highest bid results obtained on each expansion chain and submits them to the main chain, where they are compared
to determine the final winner, thereby reducing the load on the main chain. In the evaluation, we implemented the
proposed method in an environment with multiple Layer 2 chains and sidechains and performed a numerical eval-
uation comparing it with a conventional single-chain NFT auction. The results showed that the proposed method
contributes to reducing gas costs and processing delays, thereby improving scalability.
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(Layer2 = —> « ¥4 FF 2 —) TEITTIUHE, O
IZDWT, ¥V AHNCH RIEE & SEANEOBRIZ RS, RS,
RBEARXTIEASLE (commit-reveal) & v — B ILHEE %L
RF 2 —INBET—T, EF = — VANIIRAEIEE » TEIC
BRI/ MR OIFED B Z KT 72, WHRLE OE WD R
M5z 2R AT 5.

4.4.1 H—Fxz—rhHRr Lt

AMLE 5% (% EOA) &fFT, H—F =z —27 K (Sepolia
DAH) LIEEST I (Sepolia + Arbitrum Sepolia) % L#E 3§
3. BEARNTIE, FFx—2 T lockNFT % FTH4, AILH
3RS = — > £ T commitBid/revealBid %4 1 HIZEITL,
finalizeLocal IZ& D B —WIFEET 2. ZDK, FF=—V
T finalizeGlobal |2 &k D HAHMEE L, %1L# DS payAndClaim
%1735, gasUsed 3B P I F 7> aryLy— oS
L, ARLE 5 7D AFLEIZEE L. R?271C gasUsed %
Y.

& 2 gasUsed DL (AFLE 5 44, WLIHRI)

pus:d #EASR (Sepolia + Arbitrum) | B—Fx—> (Sepolia D)
91,608 (Sepolia )
224,188 (Arbitrum) 263,333

1ockNFT
commitBid (5 %43 {it)

revealBid (5 45 &dh) 349,417 (Arbitrum) 359,900
finalizeLocal 74,985 (Sepolia ) -
finalizeGlobal / finalizeAuction 99,525 (Sepolia ) 128,433
payAndClaim 67,241 (Sepolia ) 67,873
At 906,964 819,539

XKz, F¥ Gas Price (Sepolia: 0.4 Gwei, Arbitrum:
0.02Gwei) @ L T gasfee ZHH L, X5 fEL — b
(ETH=3,350 USD) 12D % USD iz K. MREE
3ITRT. H—F = — > Ud 1.10USD, #% /4533 0.39 USD
&Y, #65% OEMAIRZHERL .

# 3 gasfee - EXIHDHIEL (AHLE 5 %)

AR it gasUsed | gasfee (ETH) | EXAEH (USD)
Bi—F x—> (Sepolia ®DHA) 819,539 0.0003278 1.10
2% 43X (Sepolia + Arbitrum Sepolia) 906,964 0.0001163 0.39

7B, BEAXNTHR Y 7 - BRIHEE - TRFIZ T = — 1T
277, AMEBOLHBI L THEMS % commitBid/revealBid
IEBRTF = — VRICEITEIN B T2, BINERIIRICHE—F = —
VEDEPERTE PR TE S,

4.4.2 2950 Layer2 ¥ = — Y 2BIF 3 AMLERD¥
AREITIE, $L3EF = —> ¥ LT Arbitrum Sepolia & Opti-
mism Sepolia @ 2 A% FEFRHCHW 2RI OWT, AMLEK
DEEMPH AEBICEZ 2 ELEMT 5. ANEKIZ220
TERTF = — VAR FCHEL (GEIAMLER N L%
Fr— N/2 12E), FAMNED commitBid & revealBid %
H1EFETT 2. AT, SIEF = —>Tr—WLiEE
2T\, Relayer DMEMFER (FF = — Y OREAMLIER) %
EFFz—AEHNL, £F =2 —> LT finalizeGlobal I & D
REFEREMEET 5.

£ AT ALEBEEHN D gasUsed £itiEREZRT. TFz—V
I TIX 1ockNFT ¥ payAndClaim ASHifHZ ¥ 12 1 [\ D A FELT
XNz, AMLBRICELTEF = —fllax g —
Er b, —, fEF = — Tl commitBid/revealBid
DBANE Z L ICHET 2720, ALEBIN LT iR
BT 3. £/, AR TIEEF = — ¥ ET 2 RKOBEMER
FHRTZIDERD 2720, TF 2 —r+ 1 AT
finalizeGlobal DONUHERAEML, FF = — HlDHEEM
Haz FEL RBEARD S, —HT, ALEE 2 A5
BMTE 270, 77t REROREMLIMHNFITIC & 2 IRMEEE
PR TE, BIEEAKRECEBFEFE OB EZ R
RN

4 EFz—r+ 200HRTF = — BT B AMEEI gasUsed

MLEH (% L2)

FF = — &3 | Arbitrum Sepolia 7t | Optimism Sepolia &3t | 2 &EH

1 280,334 214,551 214,537 709,422
5 280,334 641,243 641,243 1,562,820
10 280,334 1,236,353 1,236,329 2,753,016

4.4.3 VA NFz—PHICBT 2 ALERDME

AHiTlX, Layer2 (Arbitrum Sepolia) & ¥4 KF = —¥
(Polygon Amoy) % {3 2MIZDOWT, AMLEBOHEMH
HAHBIZE 2 28T 5. ALEIX 2 DDIERT = —
YR L (BRIANLER N I LEF =—> N/2
TEE), RAMED commitBid ¥ revealBid %#4% 1 MIFEITT
5. MUETH, 2hehoiks = —> ETr— g%
7V, Relayer MEMFER (FF = — > OmEAILER) 2F
Fr—U~EHNL, £Fx— kT finalizeGlobal IZ & D&
MAEREMWET 5.

Polygon Amoy il CTEUS L 7z gasUsed iR ZFR 5 1
KT, EF = — YHIX 1ockNFT ¥ payAndClaim 25 i &
L1 EOAFEITENLE D, AMLBERICESTESF = —
YHla xR NI —E LS. —F, iR = — U HlTIE
commitBid/revealBid 2SAMHE Z L ICHET 2720, ALERK
W LTRSS 5. £72, AT R 2 A

— 5 —



(Layer2 + Sidechain) &7 %7:%, ¥F = — ¥ L THEZMHS
finalizeGlobal 2N ETH D, ARFEEITIX finalizeGlobal
? gasUsed 1% 36,582 TH - 7.

% 5 Polygon Amoy 1281} 3 ALEEH gasUsed

AFLEE | gasUsed &3
1 187,509
5 641,649
10 1,209,324

4.5 AtLEHICH T 2 RZILEHRE

REITLX, &> F VA TEIG L7 gasUsed £EMHMER, 1T
v b =223 5FH Gas Price & X iA\EE HAMICE
DWTHE L, gasfee CLHABER) B XU USD A
32, BEAXTIILIEIEE S v b7 — 71258 L THEIT
B, IWHNREFTINIZS Y b Y — 21250 THERNE
PUIDEZ 5. BIRINICIX, £F = —> (Sepolia) ETHEITX
NBHH (5] : LockNFT, finalizeGlobal, payAndClaim) |&
Sepolia fllD¥#E (ETH DF¥ Gas Price & ETH #TD
#h) THIEF 3. —7, Layer2 (Arbitrum/Optimism) F®
AMALFE (commitBid/revealBid) B kUm— A LHEEX, &
Layer2 OF# (S Gas Price, ¥#AlX ETH #T) THE T
%. X512, Sidechain (Polygon Amoy) DX Polygon
I HHE (47 Gas Price, Z#AlX POL#T) THEL, USD
PE Tl POL OHffiz W3, AfLEDEID H T, F=—
YEOTIG U TS LT 2 Et e Ui (B 2 AT
& N 2450,

K6 KZFVAIBITS gasfee CHAAER) DL

Pk N=1 N=2 N=5 N=10 N=15 N =20
H—Fx—> 0.00011612 0.000169 0.000327 0.000592 0.000857 0.001121
L1+L2 0.00010672 |  0.00010912 | 0.000116 0.000128 0.000140 0.000152

L1+42 ©® Layer2 0.00012152 0.000131 0.000144

ETH: 0.000121 ETH: 0.000130
L1+L2 + Sidechain - - -

POL: 0.067503 POL: 0.230993

ETH: 0.000142
POL: 0.435356

£7 FIFVAICBTBEIE (USD) oLtk

oFrIA N=1|N=2|N=5|N=10| N=15| N =20
H—Fr—> (ETH) 0.3890 | 0.5663 | 1.0980 | 1.9850 | 2.8710 | 3.7580
L1+L2 ( ETH) 0.3575 | 0.3656 | 0.3897 | 0.4299 | 0.4701 | 0.5103
L1+22® L2 ( ETH) 0.4071 0.4409 0.4830
L1+L2 + Sidechain (ETH+POL) —~10.4173 —| 0.4756 —| 0.5486
—@- Single chain (ETH)
L1 + 1 Layer2 (ETH)
3.5 1 @ L1+ 2 Layer2 (ETH)

—@— L1 + Layer2 + Sidechain (ETH+POL)

Estimated cost (USD)
= ~ ~ w
5 o 3 o

-
=)

=4
o

. — — = ad

1 2 5 10 15 20
Number of bidders (N)

3 AMLEH N S 2 EZHVE (USD) OHER

RT3 XD, MLEK N PHEINT 2138 H—F = — UK
TIXFEZINEEDI K E NS 2—7, Layer2 % W 2 ¥Rl
MAFEHTH 5. ZhUuE, AAFE (commitBid/revealBid)

MEIIRTF = — HITHAEL, Layer2 DKW Gas Price IC
X D AALEESE MR OB RIS WG T X 2 7-DTH 5. Fi-,
P4 RF = — 2B T Gas Price 25 < THHEE
(POL) OHAfiMEW\Z 2226, USD #5850 B HAHR I/
L RABERAPENSE. X561, WINOMK T EF = —
O (2 vy 7 - RIEHEE - XAV SZBHETHZ72DaR
FOTRREZTEHMT 253, SHIELRDHEZ 2138 ALE T D H#
DL, R UTHRF = — U IERIC X 2 HN B D
RELRS.

5. ¥ ¢ &

AT, FF = — Y e BBOIRF = —> (Layer2 - 34
FFz2—2) 255XV FLAYRNFT A—22ar7—
*77F v 2 RRLE. BREANE, NFT OoRES L O
Mg - B EF = — 2 TIT, AMABZRRT = — N7
BEL CTUiAIEITT 2 28T, £F = —r~OAFMESRZIMH
LoD —5 LY F 4R, TR, FFz—21C
Vault & Coordinator, #L3RF = — 1T AuctionHub % Bl &
L, #ERF = — T commit-reveal I & h AALEZIF{F1T 7=
%, BF = — VYN THREAMERZHEL, FF = — > Tl
ECRERATOMME L. FHETIE, EVM Bft7 2 bty
I (Sepolia, Arbitrum Sepolia, Optimism Sepolia, Polygon

P , P y UP P ye
Amoy) FTHREAREZHEEL, B—F = — UM I L 72,
ZORER, MULBEEIRSF = — > ~AST 2 22T, AMLE
A2 2% MMECBEAROBAIELKE 2 22 L
7. YbkD, B8y bV —IRFICBI) 55 - FlizE
UTC, AEROFMEZRL 7.

BEF AREIL ISPS BHFE (25K03113, 23K28078) DBk
ERZFLbDOTHD.
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