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Abstract

This paper proposes a meta-learning-based smart contract vulnerability detection method, which
achieves efficient training and detection performance by combining a multi-layer perceptron model
and a MetaSGD optimizer. This method can quickly adapt to new tasks and achieve good generali-
zation effects under the conditions of a small number of samples and limited gradient updates. At
the same time, the introduction of the neural network strategy further accelerates the fine-tuning
process of gradient reinforcement learning. Experimental results show that this method has strong
practicality and reliability in smart contract vulnerability detection tasks, and provides an efficient
solution for smart contract security.
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KAV SR AR SR

7E MAML HEZE o, B FE R B 1A B0 B0 BRIE W R A BTSN 4l R p it AT 2 IR S50 3, DUEAS
BRI S HUATEA AT 25 2 1] B % B8 47 b3 A% Rl I B

2.2.2. BENEEE TREE

BEHLEE L T R (SGD)RME L T Mk A — M A4k, el FERF AN IR AR B/ ik & (mini-batch) _E 5086
JEFFHURIE M . SMERE TEAR, SGD SRR H AT — MERBUMEBEFEARMBLE, X1
SGD F IRk, JUH SR 1E Ab BRI B3R i . MetaSGD (Meta-learning Adaptive Stochastic Gradient Descent)
XMESE SGD W &g, Rt H T % SIMES . B4 G 1T ahd% ) RN, A0 s
. £ MAML HEZER, MATESGD AMUBEWAERFAME S5 LA H] SGD BEATRAKIBH L B8, il 5 i
LY EERE AN S ) FEOR RO S5 A (1) 22 57t R FE DI SRid R ot 27 ) 2RI 3 A5 %, MATESGD fe
8 5 WA A ST MR IS SO 55, ST T PR S I AT RS RE ), JUHAE 0 B 2% BRI R BRI, R
R G 1o 400 I W Sl

2.2.3. BiEERMMHEZE
I G RV T — AR Ao 52 1) g S 3 25 T B 5 S AR A T v, X S By mT DA 0 6 A
TH R BRR FEARIE SR 0 R, $R S R W L) BE N AL R A B FE Adam. Adagrad. RMSprop 4§, 1X
Lok BN SN A ) &, R R T T AR .
»  Adam (Adaptive Moment Estimation) & [ 1& MR AL B2 S i I —F . BE456 1 3h=I%EM RMSprop
HEAR, S ERIEEE — (B &) I (7 2) ki BN S 800 BiE P22 )% . Adam 721
SR R RE SRR S S H 7 LB B TR B A ST 2, TR iy 1 USSICH FE b T I S I .
o Adagrad I AN SESN A RS O] BORA A EM A, E N S SRR I S B A
AT°PHT, AT ORAE Z B B A2 i PRHb i %
*  RMSprop Wi 1 Adagrad ki, J8Id 51N NMEECERI T TR IE, 4 | Adagrad 7E
WG 2 2] 22 AR ) 1) 7t

3. WAL
AU H OB iR R | BE AR B S SR A S Oe IR S AR 2 A B
B 1 oRe H5E, TR R AR AT R S ORI AL AR R, A Rl TS R 5 5 0k Fr) i £

DOI: 10.12677/csa.2025.152037 104 HEHUR 5 R


https://doi.org/10.12677/csa.2025.152037

ZEf

BRI b, R 2 2 BEPL(MLP)IEAY, 05 T = 2, B )= Bl &4k & )4 — b (Batch Normalization)
DIFRE IR FE, 456 ReLU WUE BRI HELR I RIARE /), [FIET@IE Dropout LI 1Tl & LAIE
SEIZARE DT AERALBT BL, R MetaSGD Sk 55 20 T M 2% EAT B35 3 2] SR R B8, iR B B B XA
[FE55 5% ) S EWIG S M 21 %, - EE RN . Ba, ETCIgRp B, it 24 %R0 =
W45 IR 0R 2 B 5 21 3, AR ST BONKASE Y B T 00 A 8 HRI0E H ke o B8/ NRRR 1 00 200
Bk, iR T RBE 2RSS S I S B S T R3]

— T
RS MTEE
—
XA =
TTAREL e i 5% IR BHRDEH

ATEER FEES L BRI E

IR AESLFN
MetaSGDAfL 1L

BHLE SIRNNE

Figure 1. Metamodel structure diagram
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AMET TR ORI IR BRI L, SR M 5E 1 AR A BOR R BN 2 AL RE T, AR R RE A LR
TR R e 5t b B AR PEBE . I X EHL], MetaSGD A RBURAN 1A% GE i 2 5] R IEAE R
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RO RRAE, DGR A RS B . fea, FrA SR IR E B 2 29 one-hot i, FF4— 1%
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TR B T TR, B R 56 TR S A S g ) R 5 38 N i 71(8]

Control Flow Graph (CFG) Data Flow Graph (DFG)
Approve Allowance
ena /
Sender
Start Amount
Recipient
Transfer TransferFrom Balance

Figure 2. Control flow graph and data flow graph
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NI B IR (R R, BA PR HoAth T AT TR, B, ST B 25 (GNN) [9]
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Figure 3. Comparison of MetaSGD and traditional optimization methods in terms of loss and accuracy
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ARSI, BATEX T =R A FEAL2$(SGD, Adam, MetaSGD)7E &l 5E 2 > R A B 252 3] K
BN RIVERER I, LT AT R A I GRS E SR I 25451 2k (Loss) FE ff % (Accuracy ) B Il 2556
IR (Epoch) 9784k, FRATTRE 0% 175 BT i W ¢ 1) - A0 Ak 25 Y SI0R B2 AN e 4 PE e R I 22 577« MetaSGD PAL B 7
AJ 2 S) [ S]], R 2 A SHYEE Bl T BRI, A RERT TR R I SRR FE
BE 1.

MIE 3 ATLAE H, FEHURHIZEF, MetaSGD I 2% T B 3805 B PR T AR AL 25, B FLRe i ik
B, HAE 5 R A R 1 T B % . 10 SGD ([ 58 22 31 ) i 2k T pe it B A fase,
e ] 58 2 ] ] GEBR ] T B AL AR . Adam (AL B R TP 2 18], 3 i Bl A% R 4 2 5 R
T E R RUSOINE . AEVERR LT, MetaSGD HIMERARIR T, HRAHER R Rm, RIHR
SEHZALBE I RTSSERE . M2 R, SGD HIAER R K215 Hyksh iR, i B L AE [ 2 2 51 % R o
DU 208 I AT 45 - Adam U 7EAERf R IE T+ FIAR 2 M BT SGD, (HA3K T MetaSGD . ix & #], MetaSGD
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ASCHIGE X BLBE R BE A 2 B A I (Rl B, R T Fh a5 2 2 EFIHL(MLP) AT MetaSGD it a8 (s
TiiE, VMR HRAL G T7 V5 R R A M AR AR R 5 i 0 ) A e 22 2 TR LA U — Ak 2 3 TH il A g 1A
Dropout J= PRI KU, #5585 TAAL 2 ALAE s RIS, MetaSGD ik &kttt 2 &5 i B A A S 4 2
&, fERR B HENAEE ST, PRGBS b L 7 RIS . ESI T, BRI
A —— TR0 IR ARSI SR I RGP R IE AR I RE /g, AR REUERE . IR A0 FL 0508
PR, FEER T HAERES R BRI RE . SEIREEIRIGAIE T ASONEESRENIEL. 5T
Ve RGBT T A R, O o X BRBER e & 2R RIS S (4t 7 B T B AROR TR it
DY BT LIRS, FFAEER AR, X P 22 AR R BRSO R .
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