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B A RIDLE MG BN ) RAEAFAE. BB BEANF RSN HHETR . RBEWEZFNL, FERROFILGE
£ FBK, AR b2 A RIS AEE) B BATAT R, AT PR 644 AR E) A ARR) 6 45, IR T X B &k
22, ok, IR KT B A AR A Transformer 6945425 J A IS KEZ M|, kF I P EFEORB X R, K
Je AR % BB Hn LT LA K 3R A A £ 49 A1 iB it £ XBlock W 3E3RA% 69 538 B E A AR A e B4R AR
SRR AT b, BRI AR Sl NG £ SRR AR 6 Al SRaRsE RO, ARV BUbR I T AR KIRA S
H R B8,

KEIR: B Re a2 B KR E; #2478 ; B Transformer
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Ponzi Scheme Contract Detection Based on Code Control Flow Graph

HUANG Jing"*, WANG Meng-Xiao"*, HAN Hong-Gui'’

'(Faculty of Information Technology, Beijing University of Technology, Beijing 100124, China)
*(Beijing Key Laboratory of Computational Intelligence and Intelligence System (Beijing Institute of Artificial Intelligence), Beijing
100124, China)

Abstract: Blockchain has shown strong vitality in the field of cryptocurrency investment, attracting the participation of a large number of
investors. However, due to the anonymity of blockchain, it induces a lot of fraud, among which the Ponzi scheme smart contract is a
typical fraudulent investment activity, causing huge economic losses for investors. Therefore, the detection of Ponzi scheme contracts on
Ethereum becomes particularly important. Nevertheless, most existing studies have ignored control flow information in the source code of
Ponzi scheme contracts. To extract more semantic and structural information from Ponzi scheme contracts, this study proposes a Ponzi
scheme contract detection model based on code control flow graph. First, the model constructs the obtained contract source code in the
form of a control flow diagram. Then, key features including data flow information and code structure information are extracted by the

Word2Vec algorithm. Considering that the functions of each smart contract are different and the length of the code varies significantly,

« FEEIH: EEKE SRR (2022YFB3305802)
RIS [ : 2024-04-17; AU [H]: 2024-06-26; K FHI [H]: 2024-10-28; jos 7ELL AR [7]: 2025-03-26
CNKI 4% 8 & I} i) : 2025-03-27

© TEBREEEEIEDT  htp/ www. jos. org. cn


mailto:huangjing@bjut.edu.cn
http://www.jos.org.cn/1000-9825/7318.htm
http://www.jos.org.cn/1000-9825/7318.htm
http://www.jos.org.cn/1000-9825/7318.htm
http://www.jos.org.cn/1000-9825/7318.htm
http://www.jos.org.cn/1000-9825/7318.htm
http://www.jos.org.cn/1000-9825/7318.htm
http://www.jos.org.cn/1000-9825/7318.htm
http://www.jos.org.cn/1000-9825/7318.htm
http://www.jos.org.cn/1000-9825/7318.htm
http://www.jos.org.cn/1000-9825/7318.htm
http://www.jos.org.cn/1000-9825/7318.htm
mailto:jos@iscas.ac.cn
https://doi.org/10.13328/j.cnki.jos.007318
https://cstr.cn/32375.14.jos.007318
http://www.jos.org.cn

FH 5 A A AR 0 R K IBE A 2 4629

resulting in a large difference in the extracted feature vectors. In this study, feature vectors generated by different smart contracts are
aligned so that all feature vectors have the same dimension, which is convenient for subsequent processing. Secondly, the feature learning
module based on graph convolution and Transformer is utilized to introduce multi-head attention mechanism to learn the dependency of
node features. Finally, the multilayer perceptron is used to identify the Ponzi scheme contract. By comparing the proposed model with the
traditional graph feature learning model on the dataset provided by the XBlock website, the performance of the multi-head attention
mechanism introduced by the model is verified. Experimental results demonstrate that this model effectively improves the ability to detect
Ponzi scheme contracts.

Key words: smart contract; Ponzi scheme; control flow graph; graph Transformer

[X B4k (blockchain) H LAY A TR, BLARTH S EUARS T A LRI A —, BN LR MR R Z — X
PR Z R T T2 (R Y. XU AR R R — AN LSRR P, R A7 At 25 POl 43 A SRR, 3 TR
F— FR BB P I8 — 5 WU 2L e s 1 ). LUK (Bthereum) & — @S AE XEUBEREAR 2 b i) 2 ol
FSF &, B X e 2.0, & T 2015 AR Q1D B 7EHES) X U BRI R e, (AR IR T 87 18 3 5, i 2
RENE SCRF S 2 (NN 37 55 5 bSO AN B AN [F, BURDRHE T — DM R 524 1 LUKYI EUAL (EVM), B
A UASRATAE R SR R 2 B AR, JF SR VR Pl nd JUAT AURS G X HL G B R 1, I A4 DL B B — A T g
TR R ) X REET 5.

i Ry, P AT U kA s A LT AR B B RE & 4. B BE & 202 — R E X HUEE 3T 9 B sk i, B
5 R R I TR AT AT S R A IR B YT B Szabo 7E 20 20 90 AEARSR H, At Fog SO did 45 & il
5 P GRTE, B AN CRBRE T LI 45 22 4 i TR AR e 2 eh, TGS 5 10 A 20 SR S TE T IR 8 R PR
BT, XL 5 AR RENS B ST, T REAR T2 50 BRA . B 1 224tk JF LD 17 18 dn Vi 55 )it )
ATREVE ) A GE 4 LI T B2 AR A =y AT I, X B S, R B AN AR, ML R,
B A At T o A s X B v, SR T 22 4y A s RS 5, T 7 K PTA5 IFO BLAT LA 1©).

BREE LMz I8 FAE R TV 2 R SUE. fEeR S SUR, BReaLm U T a5, B E M
AT RGE, IR T 58 5 IR A2z A U0, A 38 7 B 5 10 7 TG, A8 R 45 240 AT LABRER = it (0L 1 FIDR S, W fR
7 R D325 WY EAN T B . £ BB U, B RE A 20T DA T G & Ah B vt T RANGRAT A i, ATIY R 1 $e it
B AR 2 ). AT AN B 47 B IE U5 T, B RE A 24 R AR TR T B AN 2 A5 9 R 4, ORAP P OB A R A
4. B BORBIAN A A K, R & 20K 1 B 2 SUSUAHE 3 SR, Bl BT e s Ak X Bk

DX B BRSO IEAE SR AT AT R AR 7 3, I NATA SR 1 SRR b 2 )52 5 77 3. B8 X i
() H 2835 e, DM T K2 M 1 5 Y, @ R X P DL R B TR Rk R . AR, BT
ROV M BARGRZ I, P2 AR TR XA E AT, AT, BREELN BT W5 RS
BEAT B AL R BUR BRI EAE, R T — RANVEGRTE D, I rh i B AR sl LUK D e R = 1.

g PR3 J3 A2 1 498 4 R 8 AR 1) — o i AR 05 25 1, B AT R B B 1 o, TN B0 PR P A A o B 4 45
PR R — G P, AR RO A3 HAE 9 B % [ S A 45 i oy B0 3 121, g TR i 3 £ B2 8 1 D 4 - B T
RS T BRI, T2 B R R EATRICR . T2 IR R 5 B R 5 903 41 DL B 1 8l T
LB H AL T KRR E 552 T ERINATHRA, BV BIX QAW S48k, 2R, 5~E5MER
Bt R AN R (K52, BUAE AN 70 g R J= 51N IX B, M B R & 20 HEAT D2k, 3R DXCEREEF P is ok 1 HRON B B
Bk, W a7 XS RGN w4,

Vasek % N\ VS B 1R B A Z0 SR HEAT T SEEST AT, RIAE 192 D3RR A 13000 AV TEZ HH TR T KL
1100 /33570, — SR AL B ) L 55 2 AL AR (N Il AT AR (008 B 5 sl R IR S5 B 3. ST, xo X B -2 /0
()45 % 8 AR 3 S e 0 2l e WA P W T R 0 0 e A 0 I S S i B UL BRTT SR, M 2013 4E 9 A 31 2014 4F
9 3, i Lo s IR R LA 4 T 700 £ 755701, AR X ek 43 47 /A W] Chainanalysis A7 (9 ¢ 4%
&, VEWR A 572 I 52 M s R BJR IR 2R, 2019 S VG KL 73 525 38 8 O L 1 B 20 43 123 ehyin s
TR, H A 2 K ) #8550 ER B R A K.
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a Elieidie

© 7 \Q

| v g
< NN,
& o &

B3P BRH
KU1 P T R IS AT

b5 £ 25 4 b 4% BE AU D2 TR Bl SR AR L, DX B FR AR D TR ) R R 20 B S s I BRI M R B . B RE B 4
B AT IR S AR 3 BT TR 5 2 B G, A AATTARAS & L3 BT Je 18 BRI B BT, A 2% 8 3]
AT REAATE IR VEAT A 1O b o, B BE & 20 MR o] SO M S R R — EL Bt Gl 6 A8, mk OV, #3803 (R Btk sk
ToARIA]. X PR ICIE LRI A A PAT R A AF 4 08 2 (0 XU S W . e T8 Re & 2010 B ST A A i) S etk
JR, NG T DAIE I R (R L AN v A AR R 5] H R, TR e R UK R R G 24 R R A T L R TE B 44 1
DX RBETS I, o T Ao vl DA B A a2 1)

P2 I3 R 2R LA A NI R T A5 PR, A B XA RG0SR T MR, X 2eik
VETEBNHE T 87X KPR R R 45 0, FELAS T X S 1 % e AR . R, 3800 75 AT 55— BB U 7 vk
ST R [ Y X 4 B A 4 R BERVEAT . D D Je A 0 R e Dy 2 B, B W DA B LA K 3 P e G S o6 B2 (1) 454
9, FIETA BT 4E 3 2 B & 20 1 22 A, Rk X e B TE BN U ) T R K R

LA 50 R AER B A 2 B AN 5 4 RS P A0 2 A D AR RS KA REAT D DT = & LT AR . (H2, B RE A 42—
MNEEENIRFT, AL R 2 5 B HRRHE, F P AA 7R 5838 AT $ 5t A BRI 22 2 L, B8 k3 i 9
R T A LARRG R S BB I B R 32 50 R s AE B0 iiAE B O T IR N2 98 2 6 & Z04RAD R 138 5 IREAE, AR SCHE
H 77— T AT 42 A P D DB PR = B A R A B A BN A A0 AR i 4 i R T 2K, DAEE B2 B o g S df
DG BARID MG B, SR, 15 500 B 5 ) 7 vEAE AN EE 5T 2 M H 28 1IN 1 & 0 i /T REAFAE — 2 IR BRI, A E
LTS R £ 1 LR 05 B ST, A2 3 Transformer 78 H ARTE 5 ACFEATH R DI B FI 5 &, ¥ Transformer
HEmEmussa, DN TR R E 200k, 48 SCr) 3 Zomkin .

() Wbk T — Pl TR AR 42 A & ) 073, BT DU 20U AR i 46 e i D L R 2, (8 T4 A 2940
428 AR AE

(2) Wit 7 —Fh T 2 SkiFk = HAI R, 4 Transformer 5 B &M 4% (graph convolutional network,
GCN) HHAT 456 X143 B & 204 hil v B 0971 mUR I R AR AT 252 30, Sl 42 D2 T3 = & 20 1) BELREAIE.

(3) FTIR B BAE AN TF BHR AR AT 1 SRIRB0AIE, 0T B AL A% 2% ST B B S b T AV e, TIE S 1 AN AR B0t
TRE B IR 0 2 PR SR A 240 R AR R

ASCER 1 TGRSO i B AR 26 AR, B0 5 P2 PR3 = G 204 DU R BIF FE AR AN e 49 B0 R (R R T
B 27TV 2 b R R T A R ) B PR S A A ks T AR SRR B 3 T I 0 b SR B E T R AR AL
B, B G B A4

1 HEXIIE
AR D R JR) 20 Dl R RE SR BRI FE IR BEAT B, I 4R A SRR P FH 301 88 e 5 24 o () R D7 7%
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11 ERREEL%EMN

Sh4 Ve T Bl Jo) AT B G 20 IRRE A, AR SO BT A 4 B %o P2 F e JR) - 0 EAT AT . — Rl x5 29 i ARG 3t
T3 AT, 1238 A LA HIE R, Rl X & II5E Gl AT o8, F2 88 -E A A8 Sy s H R, KR KRR A 4
R0 AH SCHIF A AT DAY 3 25 28 1 SR B T URARAD RS 25 1) 2 IR SR Al U7 v, %07 v R R Tl & A4
VRARRY SRk 2 1R A DB TQ T 55 28 2 R 56 T4 AR AR 1 D2 IR B SR AGr il 77 72, 1207 2% 3 il o i v — 2L AR AIE R0t
R A LIBT RN, SRR 0 NS 3 57 SR v, 3 T S 30T P P 3w JR3 FRIASE N, S [) 3% 255 TR AIE 1) D7 2 TR )
X HILE T U0 B ZOREE; 28 3 28R 5T P4 N IR D D R Rl 5 4%, 1207 92 32 B @i 19 s iR AR,
WGP TGS TR B eG4 PEREISSE BB A N — MRS i, 285 R e I3 J) A 2 B A ) ) 7
FER—ANT B AT S, THXIX 3 257553 AT A48,

(1) T URACRE £ 1 P2 PR SR A 2Rl g v

T URACAD A A (1) 8 IO R & A I 07 72 2 B il N DR 7 A VR ARAD SR 23 T & L1145 5] 12 #. Chen %5
N USSE 3 o B e e = A 20 USRI RSB 4, X 4 R A B I 0 R B 0 - RS 2 IR AT T 0 M7, Bartoletti 45
NG T — 2 A5 L0 VA2 TG R bR, S T2 40 A PR IR AR B RAG 2% QR 5 A 240, 4R A A A — 1k
ft) Levenshtein 5] (normalized Levenshtein distance, NLD)P" LA & 20 AR, ATt — 3230t Bl e JE IR &
2 1 8 Q3 R

AT e A T R BE R B 5 B0 8 I & G 20 5T A AL D IR B R & 20, ARG A A R R N T B
TR, RUEARR.

(2) B TRHE TR e B J53 A 2 A 7 3%

B A AR 7 T BOARFNEAR 248 5 TR AR 1 AU B, SR EUA LORHIE T W3S 2% S SRS (R RRAE T AR R i A it
FE AP Chen 25 N\ PUE S MR BE & 201058 5 B0Hs A b BB 7 00 R B AN A RS (O R AR AT, R P el 56
FHLAE A ST 23 AT, KT e A 20 T B AE (K P8 B R Zhang 25 A\ PRI MRS N T & 20 5 RS HRAE, 4R 5 18
Bk LightGBM 531 PE R 35 Ja 2520, Shen %5 N P20k £ 20 1 B 6 450 A i R A B2, 006 P2 QI J=) B LRl e 46y
S HR I 1) . Zhang %5 N PR A VR RS K 2-gram SR 2 0014 S5 B AR R VE 4R 4 1SS Wang 25 A PV A
2 B AR AR RLE, $2 tH—Fhof & D oL RAE R (synthetic minority over-sampling technique, SMOTE)
FK A HAIC 12 2% (long short-term memory, LSTM) A1 45 & 1S 58 & 24 8 S U SR A0l 77 v2: PSD-OL, DA ¥R 2 IR U
JR B A LRI b AE A A SR P A ) R Sun 5N PRSI AT N AR MR R A SR B A 27 H RS L R R B A AR,
A LA SEEL RIS A P R o & 20 FOAG DU Jung 25 N P7RE P B 42 90 B AR BEBUIK PR AE L S AR 4EAE, k72
J 15 P B B =3 K S 1 B T stk Thba 25 A B0 & 0 AR B AT v dih B 1BV M (abstract syntax tree, AST), i i X
AST HEATRAT R AR B R RFAE, 3 1 S e B A A 2 ORI, Huynh 25 A\ P212% 58 30 P R 90 S5 & 20 (038 5 5 04,
P T AU 5 B BB AL, FE6UHT T -5 5 1A S A AE SR T 125, BT 7 R I B2 f) 5 e k. Wang %5 A B
W BT BEEA L5 5 M P 5E S, I LSTM M T & A 20 b 2 ) B (R AE E AT 8 I k. Zheng %5
N CUSRH T 22 00 PR AR AR, 2 A IR R B B 0 S A L BORAE, L3875 65 . 38 SCBL R TF RN R,
T T BRI e AN B

FETUFAE AR A 8 B S A4S 00 Jr v B AR T DU i b SE PR B J= & 240 1 sh S U, EL AT A7 AE B AN T 48
1% 58 BV GRRFAE AR 25 R B L0 TR AT P32 5 0C 2R AL R f W B8 A 72 46 ) R

(3) J:T AN I P2 D J=3 A 2 A ) 7 3

F T 28 5y W4 N I D DR B SR AR 772 2 B B 1 s AR, 28 5 TR U 72, 49 Re & 0 B AE
i) S8 B 45 N — MR LE R L [ B, SRS 13 = 0 20 2R 3SR AR I 2 75 0 B K B J=) &40, Liang 25 A U2 U4 H il it )
A BRI e 6 20 2 T3 SR Rr I 1 A, 32 7 — i T 550408 3k 3 1) %4 B D2 [ 3w R A % 4t DSPSD, AR &K
FHHRAERG AN AE 5 4 B T A 200 P2 75 SE L 7 P BB =0 Jin 2 N DB H 7 — AN P S MR A 1 i A ok
FHARIK P AT A AR A, 2755 7 D DM S R 0 7 925 A P . Cai 25 N YRS RRAIE TR 5 725 P A7 78 O3 SURR
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AEFEIUA AR 43 B 1) R, St T — B T8 R A QR B s V) 7 22 2 J@ R I, DA A T R b 3K 8 e & 20 iR ok
(K158 5 V8 SUAS R Yu 25\ P g B Joi P TR SRR e B 4 A 2 FAT 55, St A T4 B B B S £ 440 £ 1 4
AE, HR X LEAFAE 558 5 R 2% AR M 5 A AH 5 A, 2 tH— o 22 T 15 AR PN 445 PG TN B S s 80 [X 90 B PR3 SR 4.

F BB G L5 ) BB 5y W 2% 1) 77 3R] DUR G M $2 58 25 (R By Tl e k. (RS, A B U T iR R 2R
BT AR S, HARBARIF Hh 45558 5 W 2% BT mURFE AN A6 $h 2544

2 BasMHEFRR

HRAAR—NMEEHNTERT, &AM RYE 2 5 B RHE, H AP 55 & AT 3R s R 28
GypLa BO. DR, %R R A A0 AREDEAT AR A3 T, DASR RS rh o4 i A5 S LA AR L B RO E R B A
VR ARG 3547 2 1AL 43 AR OG5 R 792 B A 5 B R G 20U ACRE R O 7 9 B v v T
vl

7 AN ARG T B AT R — R BESE AT (UialE B G BUEA)), I IR EATEJRAHD o i HE ). I Fil
TR BT BOE X, R ARy — 8B FAFEWRIC S R HES. AR F3R 9 e BB, m] LAk — A4
JE AL B3 31 PO 3R 2 ST B TR 2 31 8 R & A BRFAIE, 4914, Liw 25 A B¥URT Hochreiter 25 N P74 & 204010 2R A 7
H1l, 585 5 BE A n-gram 15 S AR LSTM 4 26 4b 315 24 )7 51), 38 10 SETRG Y g - 20 IR RAS . 5 3 B AR
RN IR T H e A AR A RBATIITY, (HARERAEEHRA . 484 Z B B8 5 &R DL RAEA) B PR AT 4544

Xt ik, AT PO R B A 0 R T RAE AR, KA R R IR G H, A AN s R AR B — A
gh, X PR 7 AR T ARRE B A G AT 437 30, h GOE AR LB T BRI AT, WdE S 055, FELU
T 2R BLACRD (0 J2 Yk 45 M R A5 B il n, Xu 25 A U & L5 ARS8 R i B e X, SR 6 & &
AR 7 (k nearest neighbor, KNN) X i 5B VE MR AR BT HRHR, SCEL T 4 5 B & 203 IR A9 AS . Wang 25 A # 1
Fl—#iE 5 IR 5 T A ANTLR B8 684 210 Th R B AT A OB, DUREUE BE-& 20 IR TERE. 25T 1
AL R ST LR AL 5V B, (AT SRS g B B M R 15 A AT I, o BBk = B im s B

PUA I 70 IR, B AT DA o 5 5 BRI 3ROR, IX REWE (R R AR P 0 3R 2 8] (8 SO R, IO el e /AN
HAIE R, B4, Liu 26\ UKD E & 4% ) UM BOR 8 U G A B, B T — AN S BRI R R
FRTE AL A 20 35 HH B e i 2 4 05, S0 7 3 R BB A 20 IRTTR R B A R AR . Yan 5\ 0K B AR
Fag A3zl (control flow graph, CFG) B 3, TElk T BA T B A 73 28 7 v bl 1 38 7 FE DG e 4 RS ) e
A ST AR R A R ALY 2. Cal S5 NI S i B . IR B KIE (program dependency
graph, PDG), M8 T HAG 1V ANE SCRRE 5 58 6 20 10 B o, 3 158 B 5 48 B8 A 20 I RUAR U0 170) 448 1 26 e 8
89.2%. Wen 25 A O T4 i P& i T RAK 5 100K S s 15 98 R TR LA B SR BEAT 25 FOBAAT BR 428, AT A8 A SR 31 LA
XY ERIPE R YR & 4.

SR R, AR SRR B A 2 VR A RS 45 1l PR PR T 2k S0 P DB Je 5 0 R AR . R ARSI i, A ST A FH 2 T4
1L P ) g 92 SR SR AE AR 22 [ ) 50908 AR AN 452 A O R, 45 29 AR ) AT B8 A2 2 9 1) BRI T 2. 1)U
P EH T ORI ZH R, b s ARR AT (— 4L 3T KB A)), AR BRI (9 32 TR 4%
AL B AT DABE T G B0 3 R A AT (1 B AR R ) I AR, (8 T R D2 IR 9 JR & 20 B ARTE AR, AT 525 1) T2
0T T B Jr o 24 RS A5 R

=

2 5 &

AL T T T AR 2 1 U P 8 B i Jm) A LR Y, 2 T B4 R e A 20 RRAE SR MR . RRAEXS 5 e
L2 SR 215026 4 MR

TR PR PR SRR AR 2 TS 5, R R 2 R A R e fh plt s e PRI PO 5 44, SR T S PRI 45 40 1) 49 R AL
AARFAE. FR, 25 18 BIAN R & 29 A 3 1 B S5 4 F A A ), S B0 R RS AR 4R A AR K Z2 00, A ST 14
AEXSSF AL, 2R )5, A Transformer 5 GCN X153 £ (1715 UL MRS AEHEAT 2 >, FHALIE IQIR 5 & 20 ARFE. foea,
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FIH 2 ZB5I1 (multilayer perceptron, MLP) Xt & ZIREA AT 4328, DASLZEILNE P8 I B Jaj B 240 FROASE U TR 531

_______________________________________________________________________________________________________

R B 2 AR Lo (i) BHLK
i - - i
: - g :
E . i i m § Ponzi i
s o | (g £ s
: =D 3 :
: - ke - :
| ! ! = on- I
E : | m] E Ponzi )
i NG P () :

Transition function

______________________________________________________________________________________________________

P2 AL A A ) ]

2.1 EHIRERE

BEES 22—l Solidity %% S AR 7, A R B 2 8] ] 56 2 47 76 7 Fl 5 400 FH (056 &, el ity Sk 4
WAL, W 3 FioR, KR — N E QRES 10 Fr B, %4 20 Fr Bol@id 17 FAS 1) 0 R s B 1 DOR AIAE N JtEl
[FLE%E— RFINRE. MRS APITH, 2B HE L FHhigtr, XEWERIRL S A — AN D B2
ThAE R FH 2 R AR Rt TR A B . AR 30358 B8 31 AL B TR L A8 101X — ek, & QARG R 4y i 2 A AR B,
SR G AR A2 IR 0 77 ), FEAS RIS AHe 2 IR inidy, DA (77 28 S A 2 RS AT 401s

1 contract Bank{
2 mapping (address => uint) private userBalance;
3
4 function deposi )payable {
5 userBalance ng .sender]+=msg.value;
6 } N
7 funcnog'wlthdraw() \Qubhc {
8 yiAt amofint = usel’ealance[msg sender];
9 L requlre(msg sender.tqll. valug(amount)());
e
10 i usersg’lance[msg sende\J = 0; \\
1 Yo/ N ™,
7 I \ A Y
12/ } \

® Mwﬂﬁﬁ ® @mmfﬂ /@ mERH

contract Atta(ker‘{
addressy bank_add= ax?aﬁsssﬁeﬁﬁﬁasﬁbﬁﬁemﬁﬁe

'

@ @Z&lﬂﬁ@

’

/ 17 \ / L
| 18 v function attack(){ g /’
‘\\ 19 bank_add \iepos'lt va}ue(le ether)();
\ 20 bank_add. wﬁhdr‘j\n\f()
S 1 e
2 X>-~._fallback() external payable {
23 v i_iﬁ'(tsmtii_< 10)
24 bank_add.withdraw();
25 ¥
26 }

K3 aAERs
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N TIRANTZR A LIS B 4T 1B 48, A SCHIYE Chen 25 A PUE4E. M Etherscan W34 TEHL T 4 — AN & 20 (1195
ARAD, FER AN G 20 BIIRARND #R G 40 2 i i R O T 2. bl o L@ — P R TR 3, BB 37 B b J /s A R Hh g s o
SERIRNPAT BRAT, A B T R AR AR 0B AR A5 AT AT BE AT AR, BAR ST RE I R

(1) FREBfFEHT 5B 4T

BT EHUEREANMIE S Solidity FHW ATHENLRESS B AR 14 G . Z0d 72 3 BRI 1E i
FHG ARG A5 £ 43 R IR TRV BT 7 B B 4 IR G5 ), T DU BE B 3 g B 29 URARAD 1 2 IRORE 245 4. AST =2
FEF B R R R, BRIRE MY SRR P &R, Wk BOE . Raa, 1A, RERE M 1 R R ix L
TR AR R, WEESEHIIRLTRAR . TR PR ERBCR . BFHATHERIREB 4.

(2) M dE A

TEX B Re A AV AT IR VE S T A b, d RIS R A, B — AR HR] — 4 S ), TEPAT L 72
HAEE B B 3. AR L B NS 1 2B A)E NI R G — k1B B TF, BRI — DA H SF—ANH E
M IR AT RRAE. MR AT H R A RIS /N 5T AC BRI, D JiE SR 43 B R T (1) R 21
JE LAt

(3) g f=EmlmE

FR 48 B A B 2 (] (] ¢ 2R, AL g4 i Dt 1 28 1t I BT R e, R AT RO N — AN AR, 5%
Xt LA 2 A A e B B AR, AT I — AN 1] B S5 4. B dn, AR B R) & 51 N4 32, JRIMEA) & 5L NTR3R
A, 3X LeH S FE 4R AL P R AR A Ok

Pl B LAY AT LR R I il 8 00 R, 18 AT DA 7 B v (0 A% 326 . 3l e of =49 s 2 (A A a i o AT 2, T
DLIE B A 2 v AR S AR R 7 AT G 2 b ) A P AR A 17 00, 36 B 3L 0 e & 0 VRAR TS (58 50 A7 AN FE 1Y) 22 4 1)
B JE SO 4 R T — A A Re A 20 AR B IR I SR iR 4 1), Forh A s AR — 4L SRR A, 110 s (A
1403 208 | 2 7 ARG B 2 1) (1 B3 i e % B AR 3 0 3k A P AT DA W b R % 1) 8- AN AR RS AR B 2 1] () 4 1)t 2 A% 15 .

e IR i J&) A 2938 5y A7 1E 1 . 25 e AU AT AR 08 3 A IR R AR B 5 I ON 80 % 3 00 <, TRLUBE, skl o 1)
AT DR G A P I — BB R i, AT A B TR e R B B R JR & 4.

2.2 FHERESF

(1) REAESEHR

Word2Vec 2 F AR TE 5 A0 FE H — BT IR N S0, BT DUORF SRR s B 4E 1) i) S 350w, I b2 (R B 5 9A]
AN SR B AR SR AP e B3], 43I B 9 SCA, SR 5 R Word2Vee S B AN 25 105 B
O E RN, BRI R E 5 BTs.

TG, i A A B AR A — N SRR R, W R R R A R R . K e B A A B A e R e kI
W EIEFHEF, TE R — AN SO T A, ARG, K AR B SCAS R B N, A8 Word2Vee SRS HEAT ISR, 15 214442
AHR ) ][] 5 s JE A o B S RCEAT RN, BT R R IR BE ) 1A i, DA RS AU T R R AR A O R
P, RS & Word2Vece A58 HH i) Skip-gram AR, 12457 = R 3@ iak o) 25 5 19 Ao ] SFe T3 T SR A AR
X E T ER 0 w,, B0 o, BIBEEEE] DodEd i AT

exp(vy, Vo)

Dy SXPOLYL)
Hr, v, My, 239378 TS0 w, M0 w, 17 2R R. Skip-gram #5338 1 O BN A LR SR
MR R 2 3T AR (1 1) B RO,

XTI, T RURE T R (R ACHR) B2 Fui], 2 T35 fUF S5 Skip-gram 7Y, 2 5] BN
R R ERR.

i AR GR, AT CAAS BN S AT B A i) SRR, I eI A P v B Al B T R AR A A% ) O P v R 1
SAE B AR, XA & T AR TR, ARG E 5 ST S I AR R, 7 X S B R a) B AT 4

P(w,|w.) = (D
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AT, K v 2 AR A TR (7] SRS B4R 23 18], AT SRASARAE AR AIE 1R B3R, ARER A FRRAAE 1) B BAT S SR R 3R AR
AE77, RIS B 5 P Ja SR 55 (K AL 2

1_ function _transfer(address _from, address _to, uint _value) internal {
require (_to != 0x0);
require (balanceOf[_from] > _value);
require (balanceOf]_to] + _value > balanceOf]_to]);
balanceOf]_from] -= _value;
balanceOf]_to] += _value;
Transfer(_from, _to, _value);

}
9-function_definition-2-9

2_ require (_to != 0x0);
25-expression_statement-3-3

next_line

y

3_ require (balanceOf]_from] > _value);
32-expression_statement-4-4

next_line
4_ require (balanceOf]_to] + _value > balanceOf]_to]);
41-expression_statement-5-5

5_ balanceOf]_from] -= _value;
54-expression_statement-6-6

next_line
4

6_ balanceOf]_to] += _value;
60-expression_statement-7-7

next_line

7_ Transfer(_from, _to, _value);
66-expression_statement-8-8

4 A AR IR 1 5 A A 7 1

il P& NI Word2Vec

TRARED AT bl HE 125

5 Word2Vec FFAEHEES 2
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REFE SR UL, 4% SCHH Word2Vee B35 28 il i B EAT 1 RFAE SR . L AZ I, A SR B3 A 42 ) 3t 11T R AR AR AR
KRNI, FFR R4 ) AT PO PR R AOE i 3 DR A A A s B S 3 AR, i iX P 7 X, Word2Vee A2 BT
RERBETEREHAIME R, KPR T —# 918 UE 2. Word2Vec 7Y (1732 FH SL B T 42 il i B S RFAE 19
B, IX SRR [ A AR T R R A B SRR LT UER, NESENE SRS T A
JICFE.

(2) FFHEXT 55

F A e A A DIREA ], Bt LA & LRARIRKE G IR K ZN, B ARE S 6 B H e KNS =,
DA K R AT R E ik Word2Vec A58 i BRPRIRFIE [ 525 4 BE AN [ (14 1 . RRAIE [ 52 48 5 AN (] 2 45 5 4 ) 2 A A ASE B 1|
Sty R M, BRI, AR SO AS [B) 8 B A 20 A8 UL ) S dh AT 10 5%, {545 BT IR REALE ) = B A5 A [R) RO 4 1

BRI, A SCE T ] TR ARRAE 15 8, B8 X 555 00 B ARAERE. 452 ROk, R AN 1 R B AR AL ) &
AT AR, B FLR AR B g — 4. b o T 4 P /N (R ) =, R 2 ) s AT SR R R T 4R R R
REAE ] 5, AR 1) i 20 A E AT BT B 4 SRR AGE 1) B 4 B2 (M) G —, 5 1 S5 8 X R0 J5040 190 43 A DA Bl A5 Y 1)
Pk,

(3) FHEFR RN

N TR ERER L, AR SORE AL R B EE BRI E SO G = (VLE), B, V= vy, ) RORTEHR B k4R, E =
{ers... e, FRTERIIALE.

2.3 ETEIEI Transformer FIFFAES SJHEBRL

TELH B B AIRHIEE G IR b, AR AT — D BB A B, B8 7 38 3 17 AR R RAIE 2% >0 R0 D B S
) 5 HAREAIE . Transformer™* & — b3+ B v B WL R, 3& Al T A BT S0, BE 0 A At i 7 910 10 425
A &R, T B AR SR AR AT DAIRAT A AL EE . GON 3 A 140 23 B 45 i Hicdie, me i 1 =79 05 2 TR B e Rt
ATHFAES: 2], I T A1 s AR BUAS EoRTE BT sl ARRE R, AT SCEINT [ 485 M AR AIE 22 30 DR T 4 & 20 AIE
P AT SCRT S5 M) 2k R, A SCKF Transformer 5 GON #7454, BARZEM G 6 Fion. BEABEREIANT
Transformer {122 Sk & SypL ), 22 Skid & oML BE Fl #5052 2 14 SRR AEAR 0% R, 1T AN 7 8 B AN
Gl RIS, ST 3 X BT AR, B SN T BRI, B BT — AN T Sy = L ) P A AR A 4 A 48
BB, 784 R T B4 0 0 10 R S A5 B B R R 4 R o8 R 216 ), BT 5 o0 & 29 AR 4 il i ]
(R, BARSR UL, GON T2 2 1 sURHIE R w, JF BLRR TS 442 R 4544+ (1) )5 S84 AiE; 10 Transformer U G2
TE 4 J5 10 [l P AR 2 TR R OC R 31X — BB Al A5 AL A 8 78 3 I F GCN Al Transformer HIALH, B8 4 Hh
2 ) B B S W B0 B RHIE R R, I B AR A8 T HE R H A R T S R B A 00 &R, T £ w51 B IR B JR) A 240 AR
R

Multi-head attention

]

Bl6 Rk IR B 25 4

Transition
GCN

TS 2.2 T HIRFIEX 5 53 BUS IS 3] 7 5 A FIRHIER IR . 75X BRRRIE A, B8N0 v B SRR i N r
i, IXLEASNE REMBIR NRIE S LIM0AE XAE 5. N T SEERf i Sk T SC 2 B F 8 B &, A SCRH HiE=E ALk
[ RORE T EASRE. Transformer B ) 2 SyE = AL R W T
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Attention(Q,K,V) = Softmax( Q\/I;_T ) |4 2)

k
Hrp, QW e R, K® € R™ 735 7& Query BLEFEFEA Key BLEFRE, VO € R RAEFEALEFERE, Vd, 247 UA
T ARFIRIE R BUEAT BRI RRAE, KR 1 Fh e M2 i = 2%
i3 A Transformer #HEBAE K ZANZ, XANEREAT LA T 24 5380k

xl) = Normal(hili)l,u +ATT(R?, ) ©
W) = Normal(x) + Trans(x}))) w
SEh, WO, R kAR v HURHAE 1, Normal 7 J2IA—HCBRAE. 1 BL Trans F1ATT 42 3467 % EER AL

BEZ=FN =il
A E 4R LR BT A A BT 1A) 25K B ) B VR S HOR#E e BR B Transition 2L 210 89 E, FE5 « 2,
TR ER A veV, HEANEEID ¢ 1, A5 NFET Transformer FRECRRE S FTAE T A REER R EENE
FRESE A R I T =
ATT(H®,) = Z a®(VOR®, ) 5)
Ho, v e R RAH B EIERE, o RVE R IACE, B BT E T

<Qkhiiﬂ,V)T<K<k>h§f’u)]

6
Vi (6)

a® = Softmax(

SERMER R FT U W 2~ XFos:
H® = Attention (H", 0, HY, K, H, V) %)

B YR S 2 B I O 2R, AR BB FN 4% (GON) KRB A S 2 &3 FE R, 1X
R, B A2 (8) S gl Lk 4.
H*D = GCN(A,H("’) ®)

Horh, HY GRS & J2 R K BRGBARAE, A 2 AR

PG BRI 28 A1 Transformer [ 45 & 735 B A5 16 5 20 18] A7 Rkt o7 3] 31 2 [ B J=) IR SRR AIE, 52 v
TR R R 5 2 (R P RE.
24 SHTERBRIR

FESEIUR E TR S5 5 2070 RN RE v, AR SO 22 JR IR 5] L 3A 18] Transformer 578 I 1 i 45 iE 2
[V AR LR O AR, FF R I L RFAE WU B4R 23 18], LASEILA LR 7028, MLP J& —Ff i WL N AR 22 I 2% 5 4, i
— A B ATE R R A — N R AR

EARSEIU R an Bl 7 Bz, MLP (% N\ & M B Transformer #5288 AR BRI i 4ERRAE, 3% BERRAE & X R e A5 20
i ) I PERFAE 17 2 R RN R X SRRAE 1) B 16 N MILP [0% N 2. Bt AR AIE 1) 2 7 B2 2 IR ) A5 338, MLP 2%
S ERFIEZ B R Z0 R R RN BIRZ t— A @ oc R, B ol 5 B — R M THE, A E
PeHEAT AR B ALE. FERREUZ b, RS TC Ok H T — 2 BN, I AT InBURI SR J i i 3505 BRSO 2,
A= A A

FEL L BEUR 10— RPN YE AR e 5, MLPOREARRAE 5 21— 4> BEARZE A9 23 6. fe )i, MLP (9% = R A
Sigmoid BEUAF NFGE R KL, W23 (9) B, Kt E R 21 [0, 1] FVERIA, SEEUN & 290 =70 2K. Sigmoid B4
RENERE A B WL B AE, Ron & 208 T IR0 (JE R3JR) ROMER. fR28, 8 T MR i RME BOE, AT &4
BEAT 232K, BIUR RSO P R J&) 5 2 BUE W S 4.

Sigmoid(x) =

N T I FIRIE g
FETT LU A 2t 2 5] 4

(C)]

1+e~
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BN Beait = B HHE
7 MLP 72

3 KSR

31 SRRIRE

AR T Chen 28 A FH 95008 56 B, 12007 4 7T LA XBlock 3 4R, 3Erb 645 3580 /MAEDE i
Ji 2 210 200 AP B35 52 £ B S AR B ACHR 4 o 1) 4 0, SRR B8 Rl 24 IOV A, 485 X I SR A
SHEAT 3 P A e, DT RSO o 3 455 8. S T 7 (0 U SR TR 1, S At B 6 49 P G
AT, KA 240 TR 160 U B0 [ 0 4 FE . R b, A S0 o A — A 2 0 I — A TR 7 1 —
YR EAE .

2SR ST BEHLRI 20, 46 2Eeh 80% {9 IR, 10% fEAMAESE, BABRAE SR/ 5] 4 (Epoch) Ji 4 [ bk
fit, FoA 10% 1R 4.
3.2 NIRRT

9T TS B i R, T 3L RS 1 P B R A U 34T B, ASCRBE T KR
[ A FL Sy HAE PR EBR. RSB0 (Precision) J&H61E BT 58 J9 U8 FC B R 2 24, 0 IE A8 B =3 £ 20
5 1T L. T (Recall) 246 FF A7 76 35 S5 R 0080 4 D8 B 3i R A RTLL B L 4380 (FL-score) & —Fh i &
A BA R 7 51 2 R B P T R HERA R (Accuracy) Fm IEH A 20 & LOREAKR 5 & AU REAC KL EL ). S 24
PRI BAR A Rl T

. True Positive
Precision = — — (10)
True Positive + False Positive

True Positi
Recall = , itue ositive . an
True Positive + False Negative

Precision X Recall
Fl- =2X — 12
ok Precision + Recall (12)

True Positive + True Negative 13)

Accuracy =
Y True Positive + False Positive + True Negative + False Negative

3.3 $FEFE SIRBIHIRT L SRR

9T B UEA AR B Transformer YIRS 7E 0T B 45 M RAAE 5 =) 77 TR B0CR, ASOR T I 5 5 Fhes
ML G T iEBEAT 1 B, X LR 3= A0 K5 RNN. LSTM. GRU. CNN. Transformer.

RNN (recurrent neural network)™"": 3& FHl T Kb 2 5% 51 550408 (1 1 22 1901 2 S5 4y, e Fh AP 31 v B BeE ) Al 55 2R
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CNN (convolutional neural network)"™": = B[] T~ Pl {5 A (4 1 45 9% 285 45 g, 308 3o 5 A 8V SR B0 S AR 1 5 )

P Al 45 (R AR i 4 L.

GRU (gated recurrent unit)™*: 250 F LSTM f—Fft RNN A5k, FLA 5 fa] 5 (R 45 44, (R0 AR A A 2 b 315

HIHE.
Transformer'™*: 6 [V 2 WL 40 26 W9 4 5 440, 38 F T A0 385 S0 5508, 76 FLARIE & B AT rh B 7
FRIHR.
SIS A RN 1 PR,
1 AFERFAES: SRR 0T He s
5 Accuracy Precision Recall Fl-score
RNN 0.7273 0.7563 0.6458 0.6967
LSTM 0.7576 0.5941 0.8636 0.7039
GRU 0.7879 0.6061 0.6667 0.6350
CNN 0.8182 0.6417 0.7778 0.7032
Transformer 0.8025 0.8167 0.7418 0.7775
AR SRR 0.8930 0.8674 0.8667 0.8670

M 1 AT LAE B, 758 KB 5 & 20K AT 25 1, RNN. LSTM il GRU e I B 22, HEm = . K%, o
[ A0 F1 5335841, CNN A1 Transformer 7E— @ A2 FHRF T 1A, (A2 BRI IH A BAR, H[H5M F1 4330
XPIANEFR I RIE F] 80%. A SCHE HY 1) B Transformer #5787 J [ 5 A 2R AR 55 b R B B, BT o v (A
MPERE, Hb e RIA ST 89.3%. X Ui W% GCN 5 Transformer FH45 - BEMS 78 23 F) F B 45 MO HUHR 1) =) 358 343
B4R IR RS 68 H1, AT = e ER B = 240 ARG Uk 2R

3.4 SEHRMIE

A% & Transformer #H GCN JZ HOG K 45 R A2 BEAT T SCI8I0IE, XF B2 I8 45 R A& 8 pros. i
PR, BEE GCN J= B3 hn, A0S g RO J5) & 2 A U % REAS BT 3R T, 3 Ui B3 i GCN JZ H0mT LA Bl 2 o
Iyt 27 S0 R PR R 2 TR R SC R, TR AR RO PR . R, 7 BEVE RO, B GON J= S B in, # 2
SANERTH SR 238N, W BE = 3 BOS G BRI TG 0. (5L, 7208 3% GON JZ 2 i 2B PR REAN T 5544
R, ARSCHIBRESE T 3 J& GON W44, IXBE5 8 R 7 YERERIIRTH, 5 8 2] 1 iH R AR i L.

1.0

W Accuracy WM Precision 2 Recall B Fl-score

0.8 g

0.6 F

HfE

0.4+

02}

3.5 EBHNENTIE L

1 GCN layer

0.83 | 0.84

750.740.74

2 GCN layers 3 GCN layers

K8 A[E GCN ZH e fabn

N T SR AR SCBUR R RFAE 2% ) J5 T ¥ P BB, AR5 % Transformer v & JIHLHIEAT T S50 0E. B 9 R T39I
AN = ILE XS S8 PERE RO RZ M. Bk, BT XS EE T RAR 4 Al Bt AS5INER JIHLE] (None-Att), 51T
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FVER VLS (Node-Att). 51 NILER AL (Bdge-Att), LA 51 Transformer 1122 SkiER SIHLH] () fysL
B ah . Horh, 5 SRR WL v B A A AT AU TR R R A, AR X LA E R R A A T
MBS B R WA BT S B B R R, 1B g T B 3, Gl S A R T R A AR B
&3 T AR SCHTE F ) Transformer 22 SV 2 AL AT LAEE 21 vh 374 R AR O 2R, DA B8 S b4 2 27 b g 4
FRESHORE. [FBS, i 51 N2 AT R 73k, BN ) B 5 S AN A R B D ACE, AT Fo VB8 [ ) 50y e 471
HORRIAL B A [RIRHE.

1.0

W Accuracy W Precision [ Recall B Fl-score

[ T — = .- e —

0.6

HE

0.4

02+

0

None-Att  Node-Att  Edge-Att AR

B9 R ML R RE A2

WK 9 Frow, AN 51 NATA] 3 2 WL T B S SO B T6 1 78 73 4 PR 400005 2 180 (1 2 28 0 J BERRAIE, AN T BA A1 77 A8
BRI MERE. BINTT AU R DTN BY 15880 B0 5G9 a2 1) 1) B B 00 R AVREAE, AT B8 i T A B0 IR O R &
ZYMIRTIRE 77, 33— Hh, 5INVEE ST T DL — P AR A B ) M R, 1V LA B R E T S TR Y
1 EEAT AL, TSR R BT AU AN OGP A B T, AT — D3GR T BB 4 2R B8 7. T AR SRR A
f#) Transformer 2 kA &= IHLHIHE— D HETR TR 1) SRAEF ST R 7). J8 It 22 SR = oL, BB AT DUIEATH A% 2] 2
A E IR, AR # BE DGR R AN DG R, AT TE A T HbAZ R A 145 2. X FpLIA Bh T s AL i)
E R EAZ AR 7, A8 H R T I b AR J A0 T P P B JR) A 4.

22 LRTIA, Bk srat s BIGUE T ASCHTHE H A0 B Transformer A7 (975 2, IERH T 51 N33 & JIHLEISS T4+
LTS P e fr 2 B
3.6 RIS AFAIFTLESLLE

9T BRAEA SO F R 23 S B AR RRAIE 2% S 7 TR e, A5 E 1 2 )21 5141 MLP (multilayer perceptron) 55
S FEH =ML SVM (support vector machine). BENLA MK RF (random forest) A1 & M 2 F+ 52 AdaBoost (adaptive
boosting) 73 S a4 FRIXT b SEEe. SR8 b, AT A RRAE 2% SR HRAS 3] 00 428 il U P8l B AR AIE s VR R N3, SR ) 23 i)
A Bk 4 A 2R3 B Re G 2T 4528, sSEIR s R nk 2 Fior.

K2 AP REEN SR

Y Accuracy Precision Recall Fl-score
SVM 0.5938 0.6667 0.1429 0.2354
AdaBoost 0.7500 0.8000 0.5714 0.6666
RF 0.8125 0.8333 0.7128 0.7684
MLP 0.8930 0.8674 0.8667 0.8670

MRS S5 R AT LUR Y, SVM XA 2RI AR BEACR e 22, Forh F1 2 8UE R T 23.53%. 7350
*¥:2)J5i% AdaBoost il RF X & £ (AL BEACRAG 2 T 5271, (B3 1- T+ A 18]. A SCAE T MLP 73 888 fEXT & 4
(RIRFIE R N AT P 4 b PRI ) 1 RE fo 4
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3.7 1RBUSTEE SIS

N T B AEAS SC TR A Y 7E D IR B = B 20K U7 T ) R, AT iR R Y S H AT A AR MR R I
U R R IRRE R AT 1 B, E AR S IR R AR . 6T P AR FEAR AR (LA fRTAR Account)®, FEFAUAL AR
FEART (LR AR Code)™ IR A HFERAL (LR AR Combination)'!, JUFh 7 i fAi B4R 40F .

FET5E 5y 288 HR N TR D2 TR Bl JR) A 20 R AR R K SR I 2028 G i sk B AN () AN 2 4 1) J], SR A 366 T
V)i A P TP 8% e N D7 V2 B 2 T % o ) RS R AIE, 3¢5 SR FH B WL PR 20 S 288 56 O IR Bl JR) & 20 R . 66 Tk P
FRAE RS ASE B AN FH P K P PR BUSE B RFAIE, 5 AN ) 3 S A8 SRR DU D2 B 0 J&5 A 240 5 T AR R AGE (1 s i 455 2 LA
R A A BRAERRHEAE N HAE RIS, 456 R 20 J38 SRk il 2 Qi 5 A 4. TR A RRAE AR B T D P R AGE 5 XS
FHAE Al A DA SE B2 IR T J= & 20 .

X L SR 4 Rk 3 R,

R3O REXS L SE G

R Precision Recall Fl-score
IS E ST ING Ei] 0.77 0.85 0.81
Account+IF (isolation forest, JLFRHK) 0.04 0.09 0.06
Account+SVM 0.32 0.06 0.09
Account+DT (decision tree, &R 5 ) 0.58 0.64 0.60
Account+XGBoost (extreme gradient boosting, H it & H2F1) 0.59 0.22 0.32
Account+RF 0.64 0.20 0.30
Code+IF 0.03 0.06 0.04
Code+SVM 0.95 0.43 0.59
Code+DT 0.64 0.73 0.68
Codet+XGBoost 0.91 0.73 0.81
Code+RF 0.94 0.73 0.82
Combination+IF 0.02 0.05 0.04
CombinationtSVM 0.91 0.16 0.27
Combination+DT 0.31 0.24 0.27
Combinationt+XGBoost 0.90 0.67 0.76
Combination+RF 0.95 0.69 0.79
AR 0.87 0.87 0.87

MSERREER BB, ARTPFAERIR . AR F1 8 T 152 5 W A8 RN R T K P R AR
T, U BT T g R S B A0S DN 10 AL, RS A PR AR AR5 FE SR HOR SR TGN P RE R S . X b B AR R R iR 5
FRAERE TS, A TTVAAE A Il 2 e F1 o3 8 bl 1 B xs BU Tk, Rl F1 v 8, AR TTik it ik mts 5 Mo
R, PR R, SEATT VAR 1 D i ) & 2 A 4 S A e, A R BRI P RE.

4 B %

ARSCHR T A T AT ) O P ) D E i e A BT, 5 A 78 0 2 0 R e A LU Th R R AL
A2, AT 250k I g ER 0 Ja) £ 240 AR SN 1 B 2 S B UML) Transformer #E78, JF45 5 7 BRI, LA
OB RS A ROAE I AURR L. £ SC IR U6 E, 128 AR D R JR) 5 20 BRI E A AR B 1 0.893, F1 Bk EI T
0.857, HoT- 4% G HOHRFAIE 27 STRE Y SR R WA v 51N 1 22 Sk S 0 ML X Pl B i Jm) - 240 R A I B A 8 25 O 4 T
BOR.
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