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Abstract

The extreme volatility in the digital asset market, driven by high leverage and speculative sentiment,
has become a core challenge to digital financial stability. This paper constructs an Agent-Based Model
(ABM) using the NetLogo platform based on the computational experimental finance paradigm. The
model incorporates two types of heterogeneous investors: trend-following agents (who chase price
trends with high leverage and exhibit herd behavior) and value-returning agents (who trade ration-
ally based on intrinsic value and act as market stabilizers). Price formation follows an excess-demand
mechanism, combined with leverage liquidation and stop-loss triggering rules. Baseline parameters
include an initial price of $10,000, trend-follower ratio ranging from 40% to 70%, and leverage mul-
tiplier from 1.2 to 4.0. Simulation results demonstrate that when leverage exceeds 4 and trend-follow-
ers account for 70% or more, a mere 15% external shock can be amplified to over 80% maximum
drawdown, forming a “liquidation spiral” and “liquidity black hole”. Higher proportions of value-re-
turning investors significantly enhance market resilience and recovery elasticity. The study reveals
that endogenous leverage structure and investor heterogeneity are the root causes of Bitcoin-style
flash crashes. Policy recommendations include implementing dynamic leverage caps, multi-level cir-
cuit breakers, and delayed liquidation mechanisms. This research provides computational experi-
mental evidence for regulating the stability of cryptocurrency markets.
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1.1. ARER

H 2009 FECREMEA Dk, DLXHEERAR IR )Z 807 577 i ol ik . FeRE mAE A H A AR
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RIEFAART EREET I LG TR I BE NS R R , A& B S S 25 8 B BEFh e 28 0 A, Toik

RN R “NARER” .
5l NZ G R 1% (Agent-Based Modeling, ABM) B A & E I 59 m Y.

® JRR: ABM EAREMEFT AL SR A It S RIAELE, N “ BRI b7 B AR, O 1 45 0 5 1) SR
Ha). BT WEMWAER R “588” (Emergence) N7 W E T FI 4 B BB IR, REUg AR
JoT B4R 7 4 i 2R G0 R PR v A 4

® SLEZEI: LR Miigih = SUR A TS, SIS E MR . @ik ABM f7 5L, AT LRI &
AT P RBES B (R AT EE ] SERERUSRESS), AN NIRRT S e T, 3T 5t
7 RSN S50 S A

1.3. Fsz B4R

ASCE AL A Netlogo HF R 65 AN [FI A B0t 35 (I LRy T T3 ABM B, Sl il 01 B SR R
DB S VR T AR T R AR E P R LA . W S T RSN B B N, BB R
P SMERNA BB E ) B T e i R, JFE R 2 b E W N A,
BET 2 A e W AE AL AT

14. ARG ERE

AR SCR TSR B6 4 Al A ) A% O T B ——Agent-Based Modeling (ABM)#& 7Y, J#id NetLogo #4541
R M E&EE . SEAFR RIEEIAF, ABM MROW R R R 5 E Bahd “RI” %A
A, Bed RN IR SO R MERIHLS] . E i E S SOE B GE TR R, AL ) A E [ B (K K 5,
HMEAD R E IS, W ESHES B (WRIIE % 10,000 3276, A Tick 2,000), RSN M (A0 1,000
Tick &b5I N 15%MdT) R 70T .

2. XREGRiR S )RR & I
2.1, HHSIBEMF S5 ABM ERET

THE LIS SRl BHE N — R X o SCERIF 7 5 X, FRE SR M8 — N R0 HIE M R
4t. 5T NetLogo S5 FHMEM ABM LAY, BeWAIGLIRE Gy FEERH “REHERIN” MR
PR, BCSE SRR A () S TR PRI - [ P9 Ah 253 ER R ABM AR 7T T IE I W 4RAT IRl i 3%
UG LK B8 BURAL S . 5164401 7R B, ABM L ALE T REvs i 817 Agent (F)@ 1, W &
GUAEIG R ARAR I RE , 3X A b i BE SR K LRy T Tl 374 40 R 2E K “ S8R [4] [5]. IEWT Tesfatsion
(2002)Fr 42t A9 I&E PEJ77% . LeBaron (2006)(1) 1 H & RIHESE, DL Hommes (2006)7F DeFi £ 5/ ABM
RS [6] 0 1T T AR 58 S 50 4 Rl A 85 B% T S0k 1) gk i O B 5 OQTE DeFi i ML S AT AT R IE, A SCHE
WA FOBT AT AT BB LR 5 KU S RV AR AR 0T, JEAR 17 LU 1 117 37 e B IR 25 A I 9 AR 2

22. R BESEZENMR
SR E MR KNEE FETREENERE. S RET S 5E0 N “KRFIR” f “%&

AR
® KIFRIR: Wi TARIBMHEES, HATNEEFE K “FRAN , SENEMWE AENE, L5
IR EZHET .

® JLARTMIR: FET 57 AEMERATICE R, RITHKRER. EiHESRMERT, X mt
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AR A N AR N, OB e R EE TR . CAIE, 4 hiE i s
B — AR, TR L AREER . ASCRME SR, XREmiiynss
FRAT o R 7] (8], X437 VEURT Hommes (2006) 1 57 FAREE AR, 5 Wang (2025)%
R — 5 OANDA (2025)3F — B UESE 7 INa i 3 EBERUN[9] -

2.3. [ElRAZ I

S B SCER AR, AT DRI AR T it ST P A A DL R AR 1R e, LR sk =2 B
UMK SER R, XS AR £ A M AR Z S M E S A, SEORE T
WE R 8 TAL G . HK, RS T3 Th AL AT 28 5 M 24/7 ANRITAE 5 BRARFAIE ,  TBOK 1 1% 25 16 R 1
L BUA B OB ZE OGUE BRSBTS T, 1 e GO BB ) A BE AR L AR IR I3l 02

T, ASCATY: LR MO R sh I AR SE e BE L, T2 B 15 2 AR R VR A AR R i 453
AL ESES MRS RSB BURRE M BB B R, SRIRARINTIZ —BLR . A
TURRAE T2 fEELAF T ABM B U BATAT I SRIE, 255 SRR HE S AL S S0 RIS A i, IR
I 5 R, R ERIA SRR -

3. £F ABM Wbt m A E RS ME

AT SRt E X, FIH NetLogo 1 517 & 198 2 /0 R 48 (Multi-Agent System, MAS).
R 5 AR O AN AR B S B PEAT N SR, WL 2 W2 T By T A PRI AL SRR AIE

3.1. TEFRREZEER

ARG EE B =04k I (Environment). CHEE A (Agents) P 22 H A (Rules) .
® IREE: BULLRF A 51y, BTt SERT A SESEAT B IR ARE R A 7 SR BRI A%
o I A: REWTREMEMEE, HAT N2 H SR 15 25 K30 .
® STHFN|: HRTTEARME LA L% BRSSPSR R, REE IS

3.2. HIHIFES MR AALE]

WE B e — [)5Z Gy bR O R T, WIEE I A& B P(0).
TR MEF ABM BALZH, AR 3 T840 7 K (Excess Demand) MM &S IENLEI . FERF—1)
FoEK(tick) N, TN R AR s g LA A =
HHTNAE = B AR < (1+ Mg stk R4 < AT R + BEYLILzhI)
Hrp:
® BHITK: NEZMNAETIHEANLESLHSERNZH, RSN
® Uikt RA RBTTIAIREE, REGEROK, [R5 &G MM EREIZL
o [HHLILANI: BT A A g A A5 R .
3.3. RRMEEHEE DAL SITHRE
YIRS T8, IR RS E o N2k
(—) BB T (Agent_Trend)
ZRRENEA EER “ERERN” o HRIE T 2 RN L sl
® iR ik —Bunt A A RE S ik BRI PR B, AR SR s R SR
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® (L] SRR T B I P LI (I 10%) B, 2 AR K ik A SR EITE AT . X R bR RItR”
& T EL AR A RS HE S BRI SR R 3
(=) MBI R ¥ (Agent_Value)
BB T R 3, ORGSR T X R “ NEEME” BT

® LRI YR T WAEMER EN, U =T N EMER 32 .

o EMEINE: HMEAWMEVGES. FFakt. DAEETURRE(Omega). HH, HEBRRE
Y T AR N2 T I B A R BB S 8 R e (R

34, RRSBSHSTRGH

RN T AT IR SRR B SR, 1E NetLogo FTHI 13 & LA Rl A Ar &
AT T 1 L (Trend-agent-ratio): i [l 0~100%, F TR0 EHE R0 N 58 5
A1 58 FE (External-shock-intensity):  BEfUHB SR A2, 40 2025 4F 10/10 SF4F, HemREE(E
RN A S (R R )
FLAFA54(Leverage-Factor): [ 1~5, BLATIHALATE, 505 HOEHE 1) 520 .
18 46 A5 75 58 B (Omega-global): [ BLRETF 25 0] i 34 1) S S BBURR FE
{F Netlogo KK B IX AR g (R ALE T RV ERRRES, @B H R WE AR E KT
Ao i G NBEALIL S DAL SEA TR e, A2 JGa T it B giih-fabr, Wik sh 2 bR i 22 Ak
SN (R AME 5

SHRHEARIF[10] [11]: ASCFEAESHOTAE R WE, 227 LU SRR 51 8] ABM SCHREL
HEAF . MRS E R B A = 0.05 3£ T Qin ef al. (2021) DeFi i& HANM i SLIE; EHRE 0 = 0.5 5%
Fratri¢ et al. (2022) bR M3 ABM B #ETi7%;  1h4i 3 b SL = 5% BZ Tian (2025) DeFi ALAF 521
4o RESHAYPLHEURENNK, TR MRk sh R RS IERRHE[12].

3.5. ZSHNFIEKEFRIRE

BERIGIN T AL 5 S AR WL -
® ALFFINTERN: BOE SR T Bkl A B o AR BE R ORAIE S ARy, AR Guomi He Sz, ™ A4 54

SR RIS T
® JERWITI: V€ M RIRPSIEIE BRI, ARG, UL T IO R 17 25 1) BRI
Ho

4. BT Agent-Based Model HILLFFH M ARILITE
4.1. TEEEHESSHEE

A FEFIH NetLogo V-G8 T — A7 i AR EE AR T (Heterogeneous Agent Model), & 7RI LLAR
AT MR I AR E

4.1.1. REARMEREKZE
PR B AR R B AR

® ARG U (Trend Agents): TN AE BN RIAT K . HENBEZ SR BELEBURE o
Wiy, ELA LR B TR RHIE.

o NMEHAIF T # (Value Agents): 3T PIEME FAXEEAT I AR o A AR T OB UM SEN, — i
DL“MRSETSE” AHEIE, ARITY “Rusds” MTER.
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4.12. XESHIE
BT 05 HOERK, ARSI EAES B E iR 1 BR[13] [14]:

Table 1. Setting of experimental benchmark parameters

=1 LHEESHIRE

SH AR 5 HEEA EARE X

HIgH % Py 10,000 37 A sh FE AL

A1l e o 5 Shock 5% RN R R 2 BB AR
Ui sk SR 4L A 0.05 AR L 5 iR s PRI
MEI K g 0.02% EEP RN SRR
1 U ® 0.5 ARE KA ) Js 1 3 P
145 4 b SL 5% fiuh s AR TN SR AT B ) BRI

4.2. LN AAFHBIS AR

N T BAEATFF U0 TR U INR B A R GRS, AF it 17 4 thsics . 4Lsei e 5
1,000 Tick AL SIS ey, G X LEAS AL AT i SR AN PR £ 58 3 ok BUAR DL R IO B 34 A2 AL T S L)
T

4.2.1. 1% A: {RATFFFEE % (Control Group)
® SHILHE: FAAMREL=1.2, BHABBTE LN 40%, SN 5%.
® SLIGTIHL: Pl —ADUNMER T E AT FAATI ST, T 3% 52 50 JA A 4 5 21 5 1 A X ¢

4.2.2. 175 B: BALFFEH HIH(Experimental Group)

& SHLE: FAFMEL =40, BEHEUEHEE LRI E 70%, TSN 15%.

o SUIGTI: BHBAUHEIRE. KREMAG RS W Im TS, T3k 2 52 2 58 A% 30 52 1
PR o

43. HRERDH

4.3.1. MIEEITRIL

FafiE HI(0~1,000 Tick):

TEPFRAS [E AT AR Tt TAME B 58 & O AELE , T A 3 R I H PR BE OE e sl (1 “ Bk 7
FHEH, T 1,000 Tick HiiiZ 25 mi{E(— & AE 15,000 EICh%).

TR R (1,000 Tick % [8]):

ESH A HIE 1), S%EIMEHAGER TR R TR R AR EAR, Rl KHECSE 4, 7
PEAEfil S (BRI SENIX LG, AT “V B J5 BRI EAT . 0T LU B SR rh et
T I A A LR TR A 20 35% 0 T (A 14,000 BEZE 9,000 357T), Timtk & FEIRER, ik BEus 4k 4
fasb LTt

e 5 B (1 2), BRRIMTH B R T “Rti” , 2 FETIA PR AL 78 1,000 Tick 44
BN BAR Pk o 1A ALK P B ORIE A 204, il RSB BERI T R AR ESUR S, KA T R
B A A . P LAE BIERE T oK 1,000 Tick AUBT E] AT i 20 2 b TARAL, i3 ME LUK R B AT i T 7K
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Figure 1. The evolution of market prices under low-leverage speculation
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Figure 2. The evolution of market prices under high-leverage speculation

2. SRR TN IEN

4.3.2. [REEMS T
ZURSEIG R, 5 B kR A 18,000 TR 3,000 ECUA R, mOKEIREE SIS 80%LL |, kiR
TR 15% AN e W e Al o I Fh AR 2R 1 A R S 25 Sl 3k A AL ) A o«
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A 5IRNE(Liquidation Spiral): 4R fid 2w ALAT K IR RIE G TUE LRI, R Gifd & B 3h 5] 722
o MITIEREAREANER A, KERHR TIEMA T, SBCRER REE VBRI AE. XA
PEAT NIRRT B MR A, TS B RINIPE L AR B O it — 20 T B OCR IR A AL T
L ATABR B ALAT IR 7 NS ST, T AR “ O R ik - 9Pl - i Rk iRk R
.

Vi SR (Liquidity Black Hole): fEAMERL A, kst RECRAL T W7 H0RIE . ERmATHE T
HI TS R B H AR e NI AR, T3 05 TR BT R . BURE, AR/ U ) S B4 e S ORI 2
P o X APEL G 1 DL LRy T 52 5 B AR S e sl IS H BILFRD T SR PR L I R R 3, Tz BN A
ENPERIE ", i 2B AT, IF BICIEAE R 18] 3 4R B8 At 41

4.3.3. WA ES5HRBE

FEME 2,000 Tick 2 )5, BIfE5 B m& AT, (HHEREEE RZE T5 A XUHRHEL
PR M RIE L R . IMERAREE N AR PR RS 7 KRB el %, He8sE TEZR,

5LETF TR, ARSI 2 BIE R 218 A% O JR I E T AR B SR S5 M PERR . il
TREMERAREAE TR ZR PR, KIS PR e TE T IREAFRD™. 4
it —D R 3,000 i, IXESEPEACE A COH LRI VERER, Toih AR R DX (it — 0 1 S35 . XAl
“WSEATIESL” BUBRRE T A T 37 A2 AL o 9 P 10 322 B 193

TIAEBLSE AT, A s PR B R 1 75 4 SR 1 4 K AL T B IXTR], BRAEfds o IR T W AEfME, A7
BN IR RAR RS R 110 52 vy NS BRI o 2o B % 1T ) RS DRORR (A5 40 4% B T (0 I R 78 1 A
ff e VE 4 AR Bl AR 5 A B9IZ D [Tt

4.4. REFBRENSRF R SH

RGBS AR K BIE, A SCHH NetLogo BehaviorSpace T HAFATFF 551 L (1.2~5.0, K 0.2)5
AR T 5 H(40%~80%, DK 5%) TSR &R, F£2) 2000 MO B (R 10 REENLFPT). 4
THE VAL I SRR (R K EHL > S0%) RT3 IR RS . 25 R oR: M L >4 HilaBs A 5L > 70%H0, A
R N <15%KTHE>75%, TERET EARAR IR AL (5 Cavalli er al., 2021 FASSCHR—30). YHERR % H &
FEERRIRTE 10%, Im FATH R4 0.8 fif. Mo &l TATAT S 53 Btk A BAR R, A B IR IS A FH1H

4.5. AEIIG

AEIEIT NetLogo 17 HALH:, #7n [ HUHRE BN A& IS EEAN FATAT ACE R 8. w5 kB, 4h
B R AN B A B IR, T A AR AT AT 5 A8 S AR BE B AT I 1E S & A S B R gt KU UK
AR . A TiT AT AT 28 B S5 = 0, U sl I AT i i e 51 K AR S e 2 R 2%
Fats e DATE R (1) “AGIRARLSL” [15]o G0 I 1Y 00 R MUAR S R RIS AL S5 AH AR 2 #r, dE— 2B 24k THLAF
LA EFH SRR EIRR S ML >4 HEHBA G > 70%0, SAEBERRKA 2 75%0L F. thdh
Rl 7 N AEAT AT 3 B 0 o U ARE T DN AR 3 g I 4518, ins e Mt fe e vE I s SR it RS
PR HE[16].

5. iR 5EIW
51. XEHR

AWt T R R AR (ABM) I AT 5 I 07 3, AR LN =/ M0 Eie:
©® XSSO AIALAT A AENE: LR T iy M e sh R AR 58 AR 26 AT 2., 12 s AL AT 45 M)t
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1. ERAATL >4 5 T, HIEI 15% ANt UK 2 80% LA Bk, ERT 1T ATAT =&
e g FR A R

® LA ERGE AR LR MERE: A B AR, TR & B SERN R, WA B R
T7 o BEiy, RMEMERRRE A REYR, tha HB 7R s sh Bt m ik it 4hA 24
S, PEINMEBEE RN U BTE v AL,

® RIS EBE FE: BRI L, b e IR CRE R . T B S AR B L
B, HARRE MMT NS B KRR RGN, I R G .

5.2. BUREIL

BT ER T RAR, RIHINE S MR E N, SR DU B L

® UREPRAZNASALAT A M HUR I Bt I B T 58 5 BT S Bt 7™ A% A AT 5% IR B, (iR,
FLAT P 2.0 A% LAR AT e 25 FELIT S S e . s 51N ) S0 00 PRAIE S I T LA, T 3 2o A o
FALHF.

LICIWANE 27323 (RSP USISS TR0Vl DR S v R =21 Bl T2 =5 W i 7 SR 7 ) VA st s S S R ey
WAL E ) 205 Sl I S R A e () R ) R L 10% 0 245 5 0%y, N ERMERCB IR E)
PRSI TR],  STWHS SRR NEA il . RS REoR, ZIEWIRE RN 15%I0, B MR T2
40%; BEAh, FEIRTE S (U ORIE G 8Lk 5 GEIE — € I TRl AT FDRHR I (8] 4 52 30%, IEH]
FLATFREE N R AIRDL -

® fEFR AL G T BNIMRRE S RAFAENZSS, ey i ERRE AR S . 8
REIE AN ) R T A DRI A SR (R R ) 3 BB B A B P A 6

53. MRRE

AR BARZE [ ALAT 516 4 10028, (HioR 780 % S B BRI M R 27 6 1S T 3R B A 1
M o RR I TE AT E— 20 51N 25 H Ok 42 Rl (DeFi) O HEAH (5 0538 48, DATE AT Hh VPl 0 2 4 R G810
iR ENE

SE
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