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Abstract: Cross-chain asset swaps are a typical mode of asset circulation across blockchains. Existing cross-chain swap solutions,
represented by the hashed timelock contract (HTLC) protocol, typically adopt a bind-then-lock mode, in which the follower is bound first
and then locks assets. Under this mode, once the bound follower withdraws, the initiator cannot replace the swap counterparty and must
wait for the timelock to expire before reclaiming the assets and restarting the swap process, which significantly prolongs the swap duration
and incurs high on-chain costs. To address this issue, this study proposes a lock-then-bind mode for cross-chain asset swaps. In this

paradigm, the follower is not pre-specified in the contract before the swap starts. Instead, an eligible responder first locks assets and is
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then bound as the follower. This paradigm avoids repeated retries and long-term asset locking caused by follower withdrawal. Under the
new paradigm, this study proposes a cross-chain asset swap protocol based on an address signature lock, namely OpenSwap. OpenSwap
designs an address signature lock by embedding the follower’s identity information into the lock structure, enabling it to be synchronized
between two blockchains during the asset locking and unlocking process, thus ensuring consistency in follower binding across both chains.
In addition, OpenSwap enhances protocol security and execution efficiency through the introduction of a challenge period and an assisted
unlocking mechanism. Theoretical analysis and experimental results demonstrate that OpenSwap ensures atomicity while significantly
reducing swap latency and lowering on-chain costs in low user response scenarios, providing a more flexible and efficient solution for
cross-chain swaps.

Key words: blockchain; cross-chain asset swap; hashed timelock contract (HTLC)
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PEPIE, N B RS 5 R IR B P, HRIEZR 2 11 5 47, BREE T AU IS N T 0. 25 BREE U7 O 25 i, AR R
R 2JE 647, KT IIA/NT 0. Bk, AEES 5 BE IR 2 P0G A A sF il 2 507 R R, %
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%E I, OpenSwap Bl & — 5.

TEHR 2. HEMEALE 50 = (0, 80y, 5050 5% ) I A BRYN T4

AL MZ 507 AU, BT 25 75 IR 3008 0. AR & 2, ke 75 i s B U FLI R 3 AN K F 0, BR
It 770 25 B LS AR 35 /N T 0, BRI 2 T R R B 7 181 8 200 70 A 5 B s HLAthA 3 22 5 07 e B L. e
2 BT

TEIE 3. MU E /D AFAE— ML IR BE 7 34T W N, OpenSwap 3G &2 SR 14

AR BGEEE 1, UG R — B B B 2, PO S AT N SR A BB AN 3 A ARYE SR I e S B A
PG R —EE, BRI SR g s A 44, W) E R R TR, HOE B 3 L.

5.3 TLA+I&IE

AL TLA+PISEEL T OpenSwap P, S63F 1 & 9 Fh g1 H K@ M. B 9 v & @ & SCan .

o Correct_Completion: *475Z 4 X7 T8~ WU, A2 # B 25 DN 58 B, WUTT ¥ 3RAFRS 77 557,

® NoLoss_INITIATOR: 48 )7 TSP s B, 2 #e b oI5 RS 7 IR 58 7 i (BLAE B = A 4) AT A
[EIATRISS ¢

® NoLoss_FOLLOWER: 4RI 75 38~y Pl , 22 #2500 BRI 77 1 B 77 i BN AT AT ah 37 e &

® NoDeviation_INITIATOR: 4 Jit2 75 fim 25 UM, 8 #2500 J5 S 77 1 B 7 i e AN o e T HAT AR 02 7 e

® NoDeviation_FOLLOWER: 45677 25 WSO, A8 #4805 BRBE 77 1) 58 7 i BN 2 T A6 57 A &

Hrp Correct_Completion F1 NoLoss INITIATOR. NoLoss FOLLOWER & W OpenSwap % & — Z 1.
NoDeviation INITIATOR F1 NoDeviation FOLLOWER #7525 77 %45 5 1 85 W s, BIB9S0 S SR A4 i — 4
RN, IR JE It IR IR, 3 — R OpenSwap T 2 BR 1.
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Completion =
A init_contract.state = TRANSFERED
A follow_contract.state = TRANSFERED
A wallet[“INITIATOR"].balance = wallet[“INITIATOR"].init
A wallet[ "FOLLOWER"].balance = wallet| "FOLLOWER"].init

a

Correct_Completion = (AllDone A AllConfirming) = Completion

NoLoss_INITTATOR =
(AllDone A conforming[INITIATOR])
= (wallet[“INITIATOR"].balance = wallet[“INITIATOR"].init)

NoLoss_.FOLLOWER =
(AllDone A conforming[FOLLOWERY])
= (wallet[“FOLLOWER"].balance > wallet[“FOLLOWER"].init)

NoDeviation_INITIATOR =
(AllDone A = conforming[INITIATOR] A conforming(FOLLOWERY])
= (wallet["INITIATOR"].balance < wallet[“INITIATOR"].init)

NoDeviation-FOLLOWER =
(AllDone A —conforming[FOLLOWER)] A conformingINITIATORY])
= (wallet["FOLLOWER"].balance < wallet[“FOLLOWER"].init)

Kl 9 OpenSwap il i BIE 1) Jg 14
6 PEREITS

AT 1 B 257 0 S2 B I8 IESFAS OpenSwap 76N A7 5 R (1ML RS 28 A% b T4
6.1 IBiLMEESHT
B R G N ATEE N FRBE 7 2564 B P (BIMESE ), AN 5 i B R E2E N p. 5 N AL 7 348
Wi )82, WU G2 OpenSwap i 5& HTLC JS WM TEik e BRAS He. BT AR SC SR A2 s 52 B — AN 3 e R B[], R TE
AFTHTHRIE N RS K, REBE i TR 2 AFTE — A 77 i B3 He, A5 7 T 1L A 28 32 BB 56 A8 k.
R4 OpenSwap — IR S BIA] 58 A8 3, 458 BEAS He OB 1F] S FF 4535 5 p J628%, {H HTLC 280 0 2R 8
k 32 p S, SR 5E R — A3 e (BT TE) 5 4. DR, AT I8 23 HTLC S WS 58 pRAZ #e (1 B 1) B2 BB T4
5k K p W55, WAl OpenSwap A5 HTLC S B7E $hAT i TR R4 L FF84 4 J7 T 2 3L
6.1.1  PATH ]
(1) H5EIRE L IR R
TERGTYE U, B X e R Goh A P RS — 2828 5 BN 5 4T Al R BUF e R 40k HA R - & B A
B A ARAE AT 5 58 F i) TB). AR BE BC, 28 2 SE T BT T 3946 R 1, B RAEN A, #E BC, 1P 3¥IME A 1,
RN A, ARTEIA I FEE P05, 1 < Ay, 6 < A,
XFF HTLC 28008, B AT S5 k IR 58— N2 #e (B T
The (k) = (k= 1) Ty + Tgyecess 2)
FHol, T NIRRT B BATIT 18], Typecess AR BTN 22075 B2 A PRAT ) 18], S R BIMSC 2 18D 0 22 S 32 Ak
IR R WS R 5 32 B vk S5 X F P ) MR p (@ A& S ML 58 H B R AT Hh 5 2 MR T 2R A ),
MU D 23R RS £
X T — IR AT I TE], HTLC $h Ak 7 E— MAMIK T HTLC . R4S DL HTLC Pk
TR RIS ] T 5 Taccess. TR BRRAT I U6 T KA 7 5 BRBE 7 85 T W RS (B 110 . 4 — WA He T AT
iF, FOd AR BT EE T W, KA JTTEEE BC, B G LI8E B, IR T TE8E BC, QA L1IFBUE %™, K7
TE4E BC, fRB1 T 7=, PREE T TEEE BC, MRBEE =, TR, AT B ] Tpecess = ¥ + 28 + 285 29— URA 4 1 T PR 75 38 H 17
PAT RIGET, FO Ry U7 B N O i, KA B & &) 8IUE B, B BC, I RSB J5 R A2 7 B =1 95 7=, (Rt
PATIE] T = v+ A +2A, + 21, R, HTLC W35S le— A28 He B B a]
T (k) = (k= 1) (y+ Ay + 20, +21) + (y + 28, +21,) 3)
Xt OpenSwap, £ 2 HUIE LT, BRI 7 R @HAT Vh O AR B, A e 1 DR 5 et A% 56 i, BRI R~ ki
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JESE BC, B & 213 80E %=, RN fESE BC, Q& 2, BREE 7 (E4E BC, BiE Ui 7=, K7 7E4E BC, a8 3k
W, BRBE T ERE BC, fR Bt =, IRBE T TESE BC, ThENfRBE =, KL, AT I A y:
T = max(t;, 1)+ 1, + 31, “4)

FEDHE DL, BB J7 45 4 B Bh e, <8 $ead i B N 52 BB AT 58 i, B SE SO AR N KR TTERE BC, QIS
AP R, RS BC, QI &2, BREE T E8E BC, BUE Y=, KL ESE BC, BBk, BREE 7 7655 BC,
fR B, KR TT AR AR S R S AERE BC, MRt ™. Rtk BT 1] g

Timeow = Max(ty, 1) + Ay + Ay + 315 5)

FRYE Toae s Tra T Timeou 7T %1, HTLC ZEHMSCHIBRAT 55 8] 52 B & (3G 02 38 K%, T OpenSwap [T I (8]
5 k6%, UL HTLC ¥R, 55 OpenSwap LLA0 .

1) H k=18, HTLC VM FIAT A A 3 + 21, + 21, OpenSwap 7 2 HiE UL F AT AN max (s, 1) + 1, + 31,
DEUE BN BAT IS (81N max (1), 1) + Ay + A, + 315, T£ OpenSwap HER Bl 5 #5448 U0 B BH 81 y < max(t,,5) + 1, — t; B,
HTLC PrislEeR, 75 U OpenSwap #:HR.

2) H k> 18, HTLC HrsBATE RIFE (k- 1)(A, +2A,) 24, i OpenSwap HIHTH ] A4E, OpenSwap UH %
PRT HTLC P, 7EERBE 77 VAR B AR 0 R ERZ (k= 1)(A, +2A,), TEFRBE 77 B 4 BB A 1500 T HRZ) (k- 2)A, +
2k =3)A,.

(2) 5mREER p FIR R

HTLC Wil IR R A e s S RS2 p, JZHED ik, RGO 3R, B2 R, JRILAT 50, 2 N 28 KT,

Dt 52 Rk IR LT 3, HAA 8 E (k) = 117 . HETH A5 A5 58 B A AP T IR 1] ) B S
E(Thllc) = (l - 1)Tfail + Tsuccess (6)
p

B UL AT O, HTLC 28 B3 R P AT N 8] 5 Wi SEAE S p D9 S LI SG R, p ilRo), AT I [R)BRG, p BROR, AT I
[B)Bk%5. BT OpenSwap — X BIHRAT BT, Al LA 56 A8 46 AR PAAT I 1) B 0 B BE 4B D B /00T I ).

BT A — R P 2 1) o SR B S [ B30 P (R LA 3 p 2 AN IR, i RATIGY2: 4 A LA [R] B8 PR AT I 1)
{5 HTLC #}15 OpenSwap B335 042 F+ FE 7 5 R 246 1) 48 i, BR1ICAH 5] A P 2 [ o PR £ 0 S UE 256 2 A R .
BRI, FRATTIEEL LANRRRR K p (B P D sGEEAT Hl AL,

1) p—= OB, E(Tyy) = oo JXFHEIL N OpenSwap #4475 [A] 3z /hF HTLC Hpi.

2) p=0.5B, E(Tye) = T + Touecess - OpenSwap HSCH I Pid 58 Ak A2 AT B AT B ), 52 AHEL 2940 T
Ay + 20, JEIE N 58 R AT I (AT E] 5 2 AHEL AR T A,

3) p= 18], E(Tuue) = Tuccess- OpenSwap P i PRk 78 B 4230 T B (B AT B 1) 5 2 3 AU,

6.1.2 B EFF4H
(1) 5 RE LR R
HTLC KA AT SR k R T8 R — AN 383 10 8 F 48
Chae (k) = (k= 1) Cra + Conecess 7
HAr, Con NRRRMEA T ZE N EIFH, Coceess AFUURINZARTE ZIEE_ EIT 4. FIREH, A RS2 18] 1R 22 57
2 BARILLE 5 P 0 B8 0% B2 1= B R B R DA ZE p, ATk SR B k. X T4 — IR SR8 P44, HTLC B
WA T % — MK T HTLC i, BRI A RFE L) HTLC MBI AT LR 2284 Crn 5 Cusceess-

% HTLC Pp3CHT OpenSwap BSUIF 5-E 20 BRI B HAH 3 008 ¢~ cD, AT BUAREIAE &) 1P 3 F 4
IANA XL i HIT OpenSwap WM& 21BN, H ol <cbs. HIT OpenSwap WML HIMEIZE 51 2
TR MR, XA THE RN T2 S IR, I X < cIX.

X T HTLC $hil, 24— IR B INPAT BT, BE LI Copocess = 262, + 4l s 24— R34 B T BRIE 7 18 I P47
RIGCET, BE EFFEY Crn = €2 + 20T . HRAT 245 k IR 58 B AN 383 T B4 HH RO L T4 9
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Crpe = (k+ 1Dl +2(k+ 1)y (8)
X} T OpenSwap, 56 A #r 75 B 8E _HIF85 4
COS = 2035 + SCI))S( (9)

HRYE Chae v Cos, HTLC BHITE B— S e 5 ZAT O BE LT 8158 & 5500, 110 OpenSwap 58 il — AN 524 7 A
HAOEE T A H & 1T OpenSwap BN S AT IFHSEOR, 2 k B/ OpenSwap FIHE FITEECR, HEEH k
K, OpenSwap HIHE LT 20K/ T HTLC M.

(2) WAL p HI9% &

AT I R B0 B AR R 1 T 57 SURT 43, HTLC 8 WM SE AN 3 3K 58 5 TR (1 50 28 R

1
E(Chllc) = (; -1 ) Cfuil + Csuccess (]0)

OpenSwap 56— IR 3 He I3 55 T4 I 8502 B 1B )y B IR BRAT T4 | T T 38 B A T 4 o LAEEAT HL AL,
eI A AS FEHEAT 43 B
6.2 SEIGTOIIE

9T AT W BEAT 525, A S E SEiE I Solidity SEIL T OpenSwap £ MAZIF HTLC & 49; RIGTENZN
Intel(R) Xeon(R) Gold 6230, N 479 256 GB k5548 L AFH Geth i247 1 2 A HELIKE A 5 s (LUK FA A 8E; B
J& Fl Python 737|558 T OpenSwap FIAES /7« BRI /7 & 7 i, LA HTLC WM By BRBE 5% 7 o, BN
FR R AT DAYERE P AR BE, ARYE T BB A S 4 B RIS B, KA A LAEE . BB SIS 5.

EFXFHAT I A], 230 T OpenSwap BRI 8B — IR AL BT B H), FE S AR IKE k 5#ES 5 H 1
Wi AR p F HTLC s SE i — IR AR I AAT B T EAT T %o Lh. &1 X8 R4S, A SO T OpenSwap 4% B ELT)
PATINFHE W FEMSE L Gas, 15T OpenSwap 3T B IF4Y, 755 HTLC WrHlH#ET T 5t LE.

ERERNRZ, 9A HTLC o4k 75 %5 HTLC Yl A& T-5u 485 8t at, #ETES 5 718 A8 $ 2R I 1) 1) A,
SER— AN M T LT 2k ER ISR, B S PAT I R (B EE EITA) BT k- 1 ORISR AT
B F) (BBE EFFEE) 5 1 IR SR T 1] (R BT ) B9 InRN. HTLC B At 7 8 — IR S BT B
[E)ANEE b T8 —AAMIE T HTLC B, Bk HTLC WS B IR 53R 00 M RE R I AT LA ER HTLC 28V BB Ik 353K
R AFAE L. BeAh, HTLC 2875 AR U I 25 2 22 S AR TR 3020 P I R 8 12 e B vk S5 1 P P Il REAE R p, AT UK
DRI k. BT IR — W8, A SCAE SZUR BRI AR 25 I HTLC B SCAEAS [ ) IS ARE 3R AR 23R VR 3R A B 1) 5 14
gE CASERE S T T HTLC KM RER B, RIL, SO 3 BAME R A HTLC 28385 OpenSwap i
1T EbE.

6.2.1 AT ]

EESTARRN ML, SRIRI B E 1 AR 10 AMEIEBREE T, BARSLIs AW .

1) iZ47 OpenSwap Y3, A58 #e il ik Pl 58 RER AR PAT, T B AT B ().

2) 1217 OpenSwap B, 38 3@ i BT 58 B AR AT, TS PAT I [a].

3) FEARE J5 e R 2E A 0.3-1.0 B, SN2 Fi24T HTLC #1100 K, it F.

o TR T HTLC Pl AP 34T i .
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HTLC WSt 388 4 20955 (Constructor) FIBH5E (Lock) B 1E T 11 5855 55 52 i, 18R ACSCIE R4 FFGEH T PR

FEFG PR SR, 2 3 AR T OpenSwap HBUAR [T B 4 75 28 FR ) 2 20 B A, %2 4 R ARIC T HTLC HhURH

UFT B T 0 2 200 BB T AR BT 2, PR T B T 70 TV 0 B, 2 AT B

AR J R LA AR AT T A BRI Gas Y REDITAN, T LA A A7 B B3 VAT Gas T4,
%3 OpenSwap % & ZIEHANIT Gas TF45 B AT e 16 I F B M0V

GLHH BRI%L GasiH#E P TE AR RN 58 L A2
Constructor 585453 N v
&Y Lock 62950 \/ v
Unlock 48862 \/ x/
Constructor 1177946 N v
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Constructor 356748 v \
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Constructor 356748 v -
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Time Unlock 35766 - -
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HRAE 2 30 (8), HTLC B 58 e — N5 e i 38 55 85 B 503 W 2 912942 +
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PN Gas T FEEBUMN =, 7F p BOK, k B/, HTLC BrsUIT 45750, 1B H 5/ ME AL L OpenSwap 4
%] 55.7% 1Y) Gas. 24 p BN, BEE k {H 18K, HTLC Pr e OpenSwap % i #E(¥) Gas 2 T5_EFR 1.
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