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Research on Equivalence of Solidity to MSVL Conversion

WANG Xiao-Bing, CHANG Jia-Jun, LI Chun-Yi, YANG Xiao-Yu, ZHAO Liang
(School of Computer Science and Technology, Xidian University, Xi’an 710071, China)

Abstract: Smart contracts are scripts running on the Ethereum blockchain capable of handling intricate business logic with most written in
the Solidity. As security concerns surrounding smart contracts intensify, a formal verification method employing the modeling, simulation,
and verification language (MSVL) alongside propositional projection temporal logic (PPTL) is proposed. A SOL2M converter is developed,
facilitating semi-automatic modeling from the Solidity to MSVL programs. However, the proof of operational semantic equivalence of
Solidity and MSVL is lacking. This study initially defines Solidity’s operational semantics using big-step semantics across four levels:
semantic elements, evaluation rules, expressions, and statements. Subsequently, it establishes equivalence relations between states,
expressions, and statements in Solidity and MSVL. In addition, leveraging the operational semantics of both languages, it employs
structural induction to prove expression equivalence and rule induction to establish statement equivalence.

Key words: smart contract; Solidity; program conversion; operational semantics; equivalence proof
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F N E 5 Solidity 2] MSVL #:3: 69 F M-t AT 7, 4007

HE 1.0 BEfBI0IE AT J i 12 & B G G 7% P 28 = J7 LR (9 B BE . LRe T 2009 4 DASR B s i T oA
BEF X B N FAFE 7 (R R J, Buterin 7E 2013 4E42 H T DLRSS PIX HUEEF- &, bR X BEEIEN 2.0 B4R, LUK
VER A AT FF 6 W, P AT DAE A G @A AT R AR, X LE A R A B A 40 L, BB AT 7R LA
IHL (Ethereum virtual machine, EVM) I, B & 41K 2 3T Solidity Zr 5 ISR, T E Shi T 255
PATHAFZK

HTFREA ARG ZFO0M. REESRERMER, AR T H Mg E S (B Clava), WHRNREE X
MR SRR AT 1R, O B PRI 25 5 72 A 22 40, HL Solidity 15 3 B9Z Akt (9140 fallback [F138 B %) #E— %Ak T
X . AR BE A LI £ A e H 28 58 H, I HOE W B BN E A T £ e BT T, R A G 2 AR
SSHERPIRR. —DELNE RS %4 0 R DAO B ™, Braid FIH 7 DAO & %1h 5 (8138 5 $UF 8\
JEMER SRR PRSI T 6000 J33E 0. MhAh, BT IX HUEE AR A5, B RE G A — BB AN RE  BLE, R A
BRG0P 2 B AT IR AR R

SR BB L LA R EEA 5 R, GRS, S RATIR. BRI, p IR RS iR R
SO Horp g A S B R E S, SRS P R I R R AR, T RS 2
HR D B8 SCPERIAS IR FH %, TG 45 77 148 P2 4R RIE B, B0 1IE 2 BB 5 2 sR AR T RE IV IE R M AN 22 4. H Al 238 R TE R
A5 X T 1) £ ) F0 88 R 20 AT T AN R S, 3T ¥ R i A 240145 7 45 [ 22 ) s ST, AR B 7 VR A —
Fofr 1) 30 G e GRAIE T AR B 5 20 e 240 22 T (R S A 1

78 LAV I TAE R, £ F MSVL (modeling, simulation and verification language) 55 PPTL (propositional projection
temporal logic) #H4T T & B & L HITE sUAREGIE TAE "> 8% 7 H 3h ik @455 T A SOL2M ¥ Solidity T2 5 548
MSVL F&/%, I#E UMCAM!" I AT 36AE, SEBL T 5 Solidity 7T 55 IR (G I . A3 % TAE Gk Z 3 Solidity 1 XL
PA K Solidity 5 MSVL i UMM AT 5T, Bk, ASCHFST T Solidity [HTE, /& X T Solidity Rk s R iEH] 118
fE1E X, FHHET Solidity 5 MSVL FI#/EE X, IEBH T Solidity FEFF 5 5# 5 1 MSVL F2F7 2 A & ok, N3t T
MSVL K583 (LS LA, (IE T BB 2 A AT {5 ME AN AT 36 M. S8 5 8 A 304k i 5 A Solidity 2 8] 3E+15
S TERE R DR R, O T S VA I e A 4 2 A SIEETE T 5B U 1 BLR BL .

ARICIEH T — R T IOBTE UK Solidity FHERIHRIEE X, FH4AH T HE MSVL #/EE XS MHIEH. &
Ja it Solidity 1 & HIIEELE M, 45 Tl TR HRMEMNI 2 S, #E— DA T RE X 5B I ERIEE e
X ARG, 52 SLT Solidity 5 MSVL FPIRES . Fix:NAE A Z AN 2 R, I8 45 A905IE ] T Rk gk
VB SCRISEAN I, 0t — 0 MU VA 92 B 1 1 AR SIS 1

AL 1 AR R MSVL 5% SHAEE . 28 2 T 7EE Solidity w2544 25 i Solidity 1 5 4Rt LA K 4
YEVE . 55 3 H5 5T SOL2M HIBEHe 44 Y Solidity 55 MSVL #1EE I PEIE . 55 4 WA AR T AR, 8
5 YR A R,

1 MSVL iEE521EIEX

MSVL & —Ffit FE AR 5 W HHE 5, WIBIRA f& Framed Tempural™, #E 51 A\ T & 455 A A AR 2 ik 15 )
ZJE, BRI T @&, ESIIEES. MSVL 25U 72 % (projection temporal logic, PTL) AT #4774, B f
R BATHE F R RE L. MSVL B /RS UM% T S0k [16-18).

1.1 MSVL &%

MSVL [WiEESEAL CIEF, Bk T IRFIEA) . JEIRE ) EEATE /)AL, M T I P ERAE RS AH KB A, A
BPTL XA RGA | HRIIRIERE 7). 5 H A S R mFRE S —FF, MSVL $2 4t 7 &M 81, a8 7 AT
5FFF (char). RS REEL (int)s ROV ASEL (float), RLAMEE LT HU4 (array) Z5H44K (struct). FE%T (pointer) 25.
FEIE WSCHR [19]. MSVL ERIE =AY E SN
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4008 HAFFIR 2025 FF 36 K% 9 &

var ::=idlid[rallid[ra,][ra,]|la.var| pt — var

pt = lal&|(t)ralra, + ras|ra, —ra, lext g(ray, ..., ra,)|ext h(ra,,..., ra,,RVal)

la 1= var|* pt

ra  :=clla|&|(t)ralmop, ralra, mop, ra,|if (b) then ra, else ra,|©ralext g(ray,..., ra,)lext h(ray,..., ra,,RVal)
mop, =+~

mop, = +|—|*||%| < |>|&||| A
b :: = true[false| ra; mrop ra,|-b|b, A b,|b; V b,

mrop =<|>|<=|>=|=|[=

Hr, var id AEE, pr ATREFRIB, v WEAL, () ARBEA, la AEERIER, ra AEBERER ora £xml
— R ra WA, mop, N—ICHAERE, mop, N JCEEAERE, b NATIRFIE K, mrop WK REAEF, ext g(ray,...,ra,)
5 ext h(ray,...,ra,, RVal) B3R INEH L, ¢ BRSNS, h R - E 2 CREL

NI MSVL fIEAES):

(1) X 8K JEIEA]: empty, skip, len (n);

(2) X [AIFELLER]: frame (x);

(3) FHATIER]: rllg;

@ GFER: piq;

(5) A & BEE ) por g;

(6) E'HEA): p and g;

(7) EFRFIER): await (b);

(8) MRNREIEA]: x = e

9) T REMEEA): x:=e;

(10) Always E4A): alw (p);

(11) Next i&4J: next p;

(12) TG 1EA): while (b) p;

(13) k{18 4]: if (b) then p else g;

(14) HFAER]): (py,..., D) DT q;

(15) RECHAHIER): funey,...,e,);

(16) ARG A5 A): ext fun(e,. .., e,);

Hh, x BE, e NEEERENX, b NHREERX, pi,...,pwp,g N MSVL iEH].

X [a]4& B 5 1) empty, skip, len (n) 4337 B 7 M ETX AN 0, 1, n; HATIER] pllg R p 5 ¢ 1L 4EPRET
RIS FFAAHAT, F45 7T BEFEAS RIS 181 45 35 JERf 2 I8R5 ) p or ¢ FORTE MRS T T BT p 88 g HIERE —;
ISP EA) pq £ p 5 q LT HAT; GHUEA] p and ¢ BoR p 5 q 15 ARCRA T R FFGE3AT I RIS 4531 &5
RFBA) await (b) ¥ IEAPIWIRIE R b MEM, HE b AEN SR, CRIREEA x = e 5 T —REREIES)
x:= e TR L RPRET T RSN 2 BHATRAE; alw (p) BARIEFTAWRE THAT p; next p BoRTET —IRES
AT p; while (b) p, if (b) then p else g LA K R H0R FE A (¥ FHvE S HoAth sy AR 7 Wi HiE 5 AH R MSVL AMUES TR
B RG] SRS A B A A), ICIIN T HESR S M AN R 454, iR i R 4R 4L 7 S 58 11
RILRET], X [AIMEZETE ] frame (x) 4348 & x WA REHSTE X 18] b A 304, 7508 & x AUESORE R FPIRE T E
e A, 72 HAOIRE TR EE R A WHE W BB (pr,....p.) priq TBp.,....p, Sq BEIFITHT, A
Plreees P WFPRAT, 11 g 1657 —AVIRE X ) BT
1.2 MSVL #{EiEX

JE X MSVL f2FF P, I R AU SCH (P, oy, 51,0), e XM oy 12K T < so,..0, 50 > PHTAREHER, s

© TEBREEEEIEDT  htp/ www. jos. org. cn



TN E F: Solidity 2] MSVL #5369 FH-h A1 5 4009

FRUTDIRE, BA s = (s, ), sh(x) BRLE x 1F s WS THEMALE, 57 (x) B8 x 1B s RS THME, § ZXIA]
oy B BPIRFES N, IRATEAE o | FEFEIAHE R cop = (P, €, 50,0), Z1EMETRA cop = (true, o, @, o] +1). 2
FORAEAR RS RS R AR B, co o co’ Rk Ry co FEIR—IRE TR LB HHNIEIR co', co > co' Fom
b A - FRAFRE TR E AL, S RoRAFRRE TR L 28k AEREk, S RREb—
WAV NEENES, D AFTERUBIENES, N, NIEGBENES. M TRER exp, HAER NN GH
(exp.orir, sini). ZEAHFIE AN RALIUNH (la, 0y, 5000) = (bL,6), TR A FER la TERERLE L 5! (la) = (b1, 0), 3
o bl TR AR ZR ], R — N RN LR, 6 RN E N B R A EREREMNN (ra, 01, 50 U n,
R ERIER ra FME N n.

% 1 N MSVL WA FRIE RN, Hobh sizeof (v) FanEH ¢ ITEE KD, type(a) FoanFiEN a A,
field_offset(v,, ) FAEE B R FNHR o HAFKA v, IR T AS B PR A5 A L (A% &, prr(bl,6) R~1R HIAT
ERLE (bl,6) MTREME, AT /REACE VAT, AU L1 AbBEAR R, 12 Al L3 A3 A LK, L4 I LS RS A,
L6 AbFRFREHA S .

R LAEREAREMN

=3 SRAEHR )
!
L1 (id, i1, 5i,i) = sl (id)
- ; 1
Lo (ra,oi—y,s:,0) | V(lji,ff,fu,sl,t) = (bL,9) Fo, Tid [ra) (13670
(id[ral,oi-1, sisi) = (bl,6 + v - sizeof (1))
. . . N
3 (rar,oi-1,8i,8) Y vi (mz,a':—ll,sl,l) Yo (id, oy, 51,0) = (bl’d)ﬁ*,ni@%i&éﬁidﬂ‘]ﬁﬂ%ﬁl,ﬁyid[ml][mz] b4
(id[ra1][raz),0i-1,5is1) = (bI,6 + (v - n+vy) - sizeof (1))
]
(a,ci-1,si,0) = (DL,6)
L4 type(la) = struct id {p}field_offset(v,,p) = &
(lavg.crio1.si.i) ENCREED
(pt,oi-1,5i,0) U ptr(bl,0)
L5 type (pt) = struct id {¢} * field_offset(vy,¢) = &’
(Pt = Vo i1, 50.0) = (b6 +)
(pt,0i-1,5i,1) | ptr(bl,0)
L6

]
(xpt,0i-1,5i,1) = (bL,6)

WRR 15 TAT R € IRIE R la, (A /2 ERIEFCREHN R HHE (b1, 6) £ME—1.

UEHA: IRV, 45 la RIIEAEAME—, BN FERAEGELLE (b, 6) F1 (b1, ), % la BEATIRE, A

(1) (b1,6) F1 (bl',6") FB AR, R la [RIBT BE0H PR AN AR 0 B, 5 /0 HRIB 28 URFF;

(2) (b1,6) F1 (bl 6") TA R AL, T8 la RPN E, 5AHEFRIERE IR,

(3) (b1,6) F (b1, 6") o — AN KA — DA RAEBN, K la RAE—MEENE, SBRIEAT.

# 2 A MSVL A EREIRMERN, K e RRERE, x BV FEE, vv,v, D FHE, (v, N
cast(vy, type(v,, 7)) TS, £k v, WERIERT type(v,) SRHIFEHONIIEENIEAY ¢ BN R1 ALEE R &, R2 4B
Al ME R FIE RN FIER, R3 AU HE R A 2, R4 Ab 30 |25 B #64, RS F1 R6 AL FREL4] 7L 25, RT Ab3E 45
FIfR R 7L, RS Al RO AR HHUE 5, R10 1 R11 ARFR if iBA)SRAE, R12 AbHAT—IRZE (0) #1E, R13 S HH &
KAE.
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R2 AEHFEAREN

=T KB
R1 (c,oi-1,5,0) J ¢
R2 (la,oi—1, si,10) :]> sf (x)
(a,oi-1,si,0) U 57 (x)
3 (la, i1, 50,1) = (bL,6)
(&la,oi-1,si,0) | ptr(bl,6)
(ra,oi-1,5i,0) 4 vy _
Ra @raoi sl = O
1
RS (ra,oi-1,5i,0) v (id,0i-1,i,0) = (bl,0) g -
(id[ral,oi-1,sii) U ptr(bl,§ +v-sizeof (1)) HoF, TR [ral R AL
]
R6 (ray,oi-1,8i,0) Y vy (raz,oi-1, si,0) Y vo (id, o1, si,i) = (bL,6) g K P
@lrarliras).or 1,500 U pir(oLo+ Gy -ntva)-sizeaf (o) - T AN TR, Thvid ra | ra | (IR
R7 type(la) = struct id {@}  field_offset(vy, ) = &’

(lavy,oi1,si,0) | ptr(bl,6+0")

ray,oi-1,8i,0) v
RS (ray,oi-y 1)U.1 H Ly = mopy v
(mopy ray,oi-1,si,0) L v

(ray,0i-1,8i,1) L vq (mz,(fi—l,si,i)llvzﬁl_l_, V= Vi mopy vy
>N,V =V

R9
(ray mopy raz, i1, si,0) 4 v
RI10 (b,0i-1,5i,0) U true  (ray,oi-y,s:,0) L vy
(if (b)then ray else ray,oi—1,5i,1) | vi
RI1 (b,0i-1,s:,0) U false  (raz,oi-1,s;,i) L v2

(if (b)then ray else ray,oi_1,8i,i) | v2

RI2 (ra,tri-m-bs,--m,ljm)Uv%qj’mgl.
(©"ra,oi-1,si,0) v

(ray,oi-1, 85,0 Uvy,...,(rag,oi-1,5:,0) U v
((ray,...,rag),oi-1,5:,0) Y vs

R 3 8 MSVL Ai /R BB ASRAEAN.

RI3 H,vs = (v,...,w)

R3ATRLIEARAEAN

e SRAE RN
Bl (true,o_1, ;,1) || true
B2 (false,oi_1, 5;,1) || false
B3 (raj,oi—t, 8,0 Uvi (rag, i1, 86,0 U va , — e Wi vy mrop vy AL
(ray mrop ra,oi-1,si,0) b v ‘ false 7511
B4 b,oi_1,si,0) U true  (b,0i-1,54,0) || false
(=b,0-1,si,0) | false  (=b,0i_1,si,i) | true
B5 br,oi-1,56) Uvi (b2,0i1,50) Uvy [ true W1y = true Hvy = true
(by Abay,aicy,sii) Uy | false 0
B6 (b1,0i-1,85) Uvi (b, 01,850 Uva | true W12y = trueEv; = true
(b1 Vby,oi-1,si,0) v | false #30

4 3 MSVL BN LN, HHR ms 9 MSVL A1), SKIP 4b#E skip i&f). UASS 403 T —IRESRAIE ).
AND 4b3 -5 HUES]. NEXT 403 T RESEH], Oms £ F—REWAT ms, more Frn HHT X M AR L5 W5 —empty
M. alw(ms) P ARy Oms. CHOP AL BRI 15 51 JF b HgEAT W4k, IF #2615 A e AL B FE /7. WHL
TR B A Al BN 1 26 AR 15 A). PAR A0 T JFATIEA). 38 5 9 MSVL FLE B UM RN, Horb P, 9 MSVL
iGN
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R ABEEEEN RN

5 A
SKIP skip = Oempty
]
UASS R (la, o1, 5i,0) = sﬁ x), H.(ra,oi—1, si,i) U n, B4la := ra= O(x < n Aempty)
AND ms1 and msy = A{ms|,ms;)
NEXT next ms = A{Oms, more}
ALW (1) A{Oms,empty} = A {ms,empty}

(2) A{Oms, more} = A{ms, OCms)

(D) Afw,ms1};msy = AN{w,msq;msy}
(2) Omsy;msy = O (msy;msy)

CHOP (3)empty;msy = ms)
(4) Omore; ms, = Clmore
IF if (b)then{ms}else{msy} = (b Amsy) V (=b Amsy)
WHL while (b) {ms} = if (b) then{ms A more; while (b) {ms }} else {empty}
PAR msy || msy = V{A{msy; true, msr}, A{ms|,msy; true }, A{msy,msy}}

xS5O FEMTE M

Fs AR
F1 Afalse, P,,} = false
F2 V{P,, false} = P,
F3 MPpy, Py} = false
T1 Atrue, Py} = Py,
T V{P,,,true} = true
T3 V{P,,~P,,} = true

MSVL I AE i AR 40 .

e MINIL. WK Jj1<j<n, (laj, 01, 5,1) N si(x) H(raj,o,8,0) Uy, WA (MP N_lay &= rag}), oy, 51,0)
(AP Ny g v/ 2, 1Y, 01, (81 8710/ %51, 6) -

A Bt x, (AT 0, AT B 1 (x,), 250 x, (0 ra, SRAEABE] v, 4550 BRI 6 Lo, <= ray WA 22HS J o
TR HAE s, IRE TR x; MEERE v, 1 <k<nHk# j).

o MIN2. 11k (ox,0y,s:,0) Uv, FHHAERET P, TEHIER] la = ra, 5, (la,0y, 5:,0) o si(x), A (P, 01,
8is 1) > (Py 0i_y, (s, 87 [v/ x1),0) . AR AR N AN B R x HHATIRE, WHES E—RASRFE—3

LIRS T IrA R BB E S, BT RN Oms 838 empty. HOREF 0T,

o TR1. (Oms, oy, s;,0) = (ms,o, Sip1,i+ 1)

o TR2. (empty, oy, 5;,1) — (true, 0, @,i+ 1)

MSVL bR A 0T 43 S &0 8 F R 9 0 1 U7 AT AN B, F2 5 P, AR S B R A X A) T A R R R
AL, BAT AR R, FEIP P, IR ISR P RAS DX H] 1928 4k MSVL ek $0R A SRAE R 4 F .

(1) WEBIE A, XFF function f(7,xy,...,Tux., T RVal) {mdclyms}, o mdcl 2 RE0 P9 A8 & 5 SCER). SR
LUN

e FUN. f(ray,...,ra;,RVal) = (( A];:lzjj & ra; Amdcl);ms;)

O(ext mfree(xy,...,x, RVal,mdcl) A empty),

Hr, mfree (x,, ..., x., RVal,mdcl) 72— F T B C% 2N A7 17T R 4L

(2) HMERERECR L, AORVESATHI S 85 S, 28 7 8 SR RSN 5T ek £ ol

F P 8 R H ext f(ray,...,ra;,RVal) KT AER, HMNaR.

e EXTL. N o’ =< 5,...,5, >, 5, = 5; H.(( /\’jf:l‘r/xj < ra; Amdcl);ms, €, s,,0) 5 (true,0”,@,n+ 1), A4, (A(OP,,
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ext f(ray,..., rag, RVal)},o iy, 8:,0) = (P, 01, Sir, i+ 1) H 5141 = ).

AR PR ET ext g(ray,..., ray) AT B AR, AN,

o EXT2. IS4 1< j<k, (raj,oi,sui) vy, H<s,> Zg,..., ve) IR, A4 (AM{OP,,, ext g(ray, ...,
1@}, Oicts Siyi) = (Pruy Oy Siv1 i+ 1), 80 = 8, XRIN g(ray, ..., ray) fE— N ERMAPIRE s LHAT, B HIEAEX 0 o).
2 Solidity 1B S5#HIEIBNX

AATE SR Solidity VA, Bl J5 X HHERAETE SGHAT 1% X, ) Solidity HITE A E UM E T 3h &1 X,
N Solidity 1HF & X TIRES51E Lot &R, 2 RHE F 5 RS FE T HERERE, DO E RIERHE T
Solidity FISRAEFN, 73 ALEAEREA AIELEA LB FRAEMN, JEARYE Solidity 15k, 45 1 RE X HE
AR L.

2.1 Solidity ¥&3%
Solidity [IEAEEIE T JavaScript, A LL T SRR P W E 5, /b 2 2072 UK = 9F R S50 Solidity 3RIE

ARG E L.
le =id|le[ e]|le.id
e 1= constant|id|le[e]|le.ele, (e;)|e"|unop ele, binop e,|le assign e
unop u=++|——|l|~ bop, n=4 = |x|/|%
bop, u=<<|>>|&|||A bop,; u===]|!=
bop, u=>|>=|<|<= bops = &&| |

binop ::=bop, |bop,|bops|bop,|bops

assign n==|+=|-=[x=|/=

Horfr, le Fon e HRIA T, 1T LA F- bk Ve SRECH e A7tk id AP A FR; e NRIE R, B & constant, T
id, U, G, e (e;) BRI, e RARTCH,; unop Fn B HIZH, BFEY (++), B (—-),
/AR () AL ESF (~); binop Fn W HIBH, BIFEARBEFICN bop,, MLIBEFFICA bop,, KRIBEFFILH
bops M bop,, AR EBHRIZHFF (&&, ), 1B bops ; assign FRRIERIA .

Solidity F2F FIAH G2 LU

limit ::= public |private| internal
location ::= memory|storage
type :: = uint8 |uint16|uint32 |uint64| uint128 [uint256] address|bool

|mapping (type, => type,)|id |typel]
StructDef ::= struct id {(type id)"}
VarDef  ::=type location? id
FunDef  ::=function id (VarDef")limit?FunReturn?stmt
FunReturn ::=returns((type id)")
Block ::= StructDef |VarDe f| FunDe f
Py ::= contract id, { Block}

Horb, limit 2278 7] WP public (FEARTHH P B3 & 29 EF RS IR A DT D), private (JREFE T EE & 2 i F AN
i i), internal (& 21 7] Lyj 0] A& 217 5E LY internal pR%Y); location FRnEHE N A7 memory (it T e EL N
#8) Al storage (F7-fif T R ELINR); type Fam Solidity HFIEHE R, A5 uint8—uint256, il address (Fn X
Hegh b ()& 2o, A R 28 bool, W55 mapping, B € XA id, LUK EA. StructDef T G5 MR E X,
VarDef TR ETE N, FunDef FNREE X, FunReturn 78 REGR A€ . P, 7R Solidity P, T
contracts AL LIS A LI Block K, & 214K Block & g5tk e L. A L5 REUE X
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Solidity ZEAIE A& A stmt, B E B RIHR stme*, FRIXIEH] e;, R 75 BHER] VarDef, IR B return, 2544
FIWTIEA] if-else, fEIATEA), ¥ [H1EA) throw. HHEE L UWTT:
stmt ;= {stmt"}|e;|VarDe f|return e;|return; [if (e) stmt, (else stmt,)?
|for (stmt,; e; stmt,) stmt| while (e) stmt|throw;
2.2 VEXNE SRR

ARATLEE X Solidity BEVEIE XU, 146t % 7 SCHR [20] ' Solidity 18 32 HIFEATE X, Hrh 4 H K518 X
TEA W Solidity SRAAFN 5 820 shZ15 SO SCERAE T 2l gE 8, I BXT T RUKYPIRAS N Solidity RAS M AL
JE SR AASCE B Ot et TR, ZJ5 275 1 3CHR [21] 3T Solidity A ALY (AT 7T, FLrh &8 H A%
Solidity A AEARY LA s B0 F I % 204G 58 S, AR SCRE 8 STz WP I N AR R A T BB 6, 0y ek B0 H
AR TR SR AL T S AP IR. S8 5226 Gk [18] HHER] C 155 5 MSVL #RAEE SN LRI TTE, #iE T4
SCEHIAEAN VR UE WY BB B . EEXPHER Solidity PREIE AT RIHT AR, ATARYE 15 A A2 1k 576 35 LA I3 1E 15 X, BETm
WA SIS PET L LAED R 3 Solidity miBRUA.

AT € LI Solidity #RAEIE 1 Solidity F) 3 EAEK, 4G T H ER M1E ST DU E R EUE X,
HRECT SCHR [20] B9 Solidity #4785 SCHE N 583 . A SR AR AT E X Solidity FI#AETE 3, X —J5 12 H
TCHR (18] BRHIRBAE UWTE R, CRIFTE X —BOE R T 5 S0 e I B BIE T e o5 — T iR 1R
SAERR S AR T W R S R AEE L EEAMHA. ANEE SGEE H T RIANLE HE S E X, BEE TR
Fr g — B BN, ARRERAT ) I AP BRI EAT, RIS S5 AW AR 43 T 454, e 2 A3 3 45 21 i K
AR SON B RERE P KT IR 5 SR KRS AL, FiE an 715 2035 A) AT 2 L R 2GR, T T iBR) T &k, prds
H R VRS SO IRk, 5 TR A P,

KA SR RAE R A R A A P

pre=>v (@))]

siFe>s, 2)

H, p REE, A (1) BRERE p PRIZER e MENv. 51 5 5, IR, AR Q) BRERE s, THITERER e
SRFVHORE 5, FEFILARSCE LT Solidity [RAE R
B SCHHE SR8 A R
P,P,...P, 3
C
Horb, P(1 <i<n) MRRERE AT, C FoRES 10, B R BRI P, 3 ROL, WSS € — & ML, 45 3A B AT i,
SRR AL, IR AL R A HL.
23 HEERR

Solidity 5 HAh 1% = A [H, f# F memory. storage. callback 1 stack iX 4 NA[RI I EHEL B, HA stack RAG7E
N TR IR T SIS B TR L, T calldata 7 B/ AT BAZWE, BRI AR SC A SR VE BT I memory Al
storage LA/ DA

(1) memory: f7-fif 3% 0 PN 355 1) BT A< Hb 0, B R 48 2. memory HUHE 7 2R EUAAT 58 105 B B

(2) storage: fEfif R AL MBS, RUIRS AL &, 1E storage AL S K AMRFELE X BLBE . storage &2 — 417
fif i, MK 32 4719, Andid 256 Ak k.

(3) callback: 171 Bk B 1) A& NPAT BLdE, AT &L

(4) stack: I In#k AL & A7l EVM AR B o .

Solidity FARAAL R LUBHLAS S Hubb. 2. SR w28 RS 8N storage K, FKALE
FHTE X B . R0 1 R AR 2 ERAA memory 2R, AT IR 75 B A storage 2R, JLAk, & RAFE 7T storage
MAF A B s R A e, A .

© TEBREEEEIEDT  htp/ www. jos. org. cn



4014 HAFFIR 2025 FF 36 K% 9 &

(1) EZEBAE I BATTIT =5 00719, 5 A TR 0 R 2 (A & AR IC—/ME A, WP H AR TBE N — /M A
.

(2) G5 M A 5 HH SRR SR I — NSRRI TR A6, 25 WA S5 3028 P () & 0 2 Ho U 5 3 A A

(3) WS 5 Zh A ECAA TR, PIA 5 32 2747, HAA & Bou s A A B i keccak-256 P& 7 B30Tt
HE . WU AT o5 B SR bR B RAT A, (BT RE . ZhASEAAT G B A B T T R .

AT R A BTN AT A E AT 5 B0, S MR RN B AE 55 002 o B — AN bl DRk storage Mk b 48 A
FHME sl AR N e i 6 YUE.
24 BEXTE

ATCE X Solidity WA p =< a,0, M > N—A=J0H, A& 400 & 278 X P btk address, 188 a, ARG
M ZRFS o AP AE memory IRF& M, memory F - TIRAF BT IEFEHAT IR £ R B &, $UTH e & AR 2o
PLR B P25 (RES, MR AL M SR G, LUK YT M 40RES o T R A 20l o B 1R 3, 8 XM 4IRS
o =<b,p,S > H—N=J0H, BEAELRE b, KRR 1R M, 52T p, LK A7 storage FIRAS S,
storage Fl TRAFE LIRS L .

# 6 4 Solidity i X ITEHIE X, H R A E Iv RANEERTE storage HELE memory "Ik, 51y storage ffitl
%7, storage Mk addr /&2 — A A AEHEFE R 51 S5 WEE & 6 R X, REASOIEE RIS ¢ SR L
Sd RREUE X, B JRINEE ¢ AR AR AR B R0 BR 04 Wi BIAEAE SRS R 51, B O RR AL, AT LAMER 51 Wt 2 iR $0E
SR EBIAEL. SR 1 R AR B LT 3 memory Btk PIARIRES M A memory Huhb S B N 25, FIRAS S
M storage HFEZR 51 WLt B H N 2. ¢ RRFRIE TR R AR EL.

#6 ELLE
BTHE 5E S ]

LA v Iv ::= locladdr locF7R = A8 B fE memory I LI, addr 37 42 R 7% &/ storage (1) i hik

storagedtutik addr addr ::= (s1,6) storagetdi il & 51 5 R & 4L A1 TR
ERFE e gu=(id > shX (sl - fd) N4 R B WU Bstoragetlifli 2 51, F MAEE 2R 51 WU 2 R Bue X

PR R A 1 [:=id — loc S ERAR B it BllmemoryHhuhik, o6 %R ERIAEE 1 FHF R AF 4T B R AR 2
N fFmemoryIR7ZS M ::=loc > v MmemoryHitik B G 21 Py 25
TP fitistoragetR & Su=sl—>v Mstorageddifti 2 5| Wb ] Py 2%
iR Te Fika e KDY
G KL A Bl DA Aia SERIK id IR B

74 T LA storage RES . BRI ZHWIAEE_LRHEAE. 1E storage IRE LA store load delete
alloc 1% 4 NIEAEAE, BREL store TE storage Hikik addr AAFGEISBLN + (F{E v. B% load TE storage Hilil: addr AbAR
P PO AEAC B i Ho ok 187 1 P9 2. BRI alloc GERSTE storage bk addr ACARHE 2R + 43 R AR B A7 FE . Solidity 1
storage K ASFAETE X U2 b, KHUEAE N —Fh AFG B8, vk Gl F, B8 & 32 30t 23 (3R AT R0, e
[HJ I 2= IRIE gas, {HAZ Solidity H' 1] delete 5 FABE 5 A BT R, FEARRE A W, 125 AR AT HIAG L.

L RINE LR IRE L6 R gerAddr TR EL getSize, getAddr 7T AR 4 R PR35 51 = 30 PR 38 DL KL AR
B AR storage BiE memory HIREXIL ML 2. BRI EK getSize PTARYE A% )= PR EE B S0 3045 DA K 2 A AR = 1) 2%
R, SRECH 35 (0 A B

8 T Moy R EUE X, A7 AH B BUH T bk SR B, 7E 0 4B 3Rk OR B I 45 H BAR R, Jo, eRE
field_offset(id, ) \RABEEA IR TR o BAT AW, BENBFN id IR B E. BB LVs struct(s_id,addr, id)
T ICHRYE R field offset(id, @) 13 BRI AE 5 id 7E storage W [ mFE &, 45 & S5 MRV & Btk addr 15 30 i 2 A 1
7E storage "I SEFRALE . BREL LVs_arr(le,addr,i) B SeARIEEH I ¢ 5 R 5 TR e AR T H2H 1 Hodk 1
i, Ma a8 e bl addr, 138 AR B TE storage HISEPROE. A ERETPA B TRHEHESWHER
)RR . AR R PR AR A B R 54, T L.
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x7 BAERECE L
1B TUHR ' Tt B
store(S,addr,T,v) =S’ e bk addr b7 A6 2R AR + RV, B Hrstorageth &
load(S,addr, sizeof (1)) = v BB e bk addrE] (addr + sizeof(T) — 1) Z [AIFIE

Solidity7£0.6.12 % 2 JE IR AR, 18 delete il ik — Mo &, HARHM
MR, R AMERRIEE, NAER TR ERNE
alloc(S, id, sizeof(z)) = (S, addr) storage I 4ifEslot41 i, storage R ¥ A% 1 4 AR S B4 S8 AL v e o 7y oA

storagef delete(S,addr) = S’

[ ]
: getAddr(g,id) = addr 4 JRAR & id {Estorage P A7 AL E
Bz NIk 23
N 8 getsize(g,Te) HRAE 1 AR BT B B 735 1K A B
: getAddr(l,id) = addr T RERAE & id fEmemory F I fit 1 B
JRHBEREE b
e . getsize(l,7e) HRAE AR B SR RT3 BT 75 1 AT BE
#8 HMHREECE X
HXITHR N o
field_offset(id, ¢) B[54 H P R B3 o YR 4G IR i 111G B B storage P I S B
LVs_struct(s_id,addr,id) = addr+ NS P 1 Ml 2% 1 5325 44 K i 45 31 A B 45 B 2 storage 177
VKR field_offset(id, ¢s,,) fEf g
LVs_arr(le,addr,i) = addr +i- getSize(g, 7/c) TE%%@E‘ Kot w5tttk DL KUH R AR i, 73 BIEEH ER i TTE storage
e A A
Fi1 % V_unop(unop,v) = unop v HRYFE v F B BIE A unop, THH B HIEH unop v HIE
] V_binop(binop,vy,v2) = v binop v, KRAREAEL vy vy XL SZ 5L binop, 508 HIEEE v, binop va HfE
i SR is_true(v, 7v) FRAR v AET0, REL RN true
IR BRI is_false(v,7y) LR Y AEET0, R BN false

2.5 SRIEHN
A 5E X Solidity sRAE MU, #4182 70 KA Solidity K7 u 5 AT 45 B BE RSk, Solidity MI¥EMEE R M
R I8 A RAE N 347 5 X

p,& 1+ e, u= out HEFRIEARE
p.& 1+ le,u = out FEAE R IARRAE
P& L[+ stmt,u= out, i EARAE

out := Normal | Return | Return v | Fail | v | lv|vs SRAESE R

SKAEFK S LTEFF p SRR g X JR BRI [ BRRAER, £ L 00IRE 1 TRATRAE, RSN RESS
ENNTERLE b, A F AR RAL L R v Fovs, A = 5 = XA Fe 35 ROR A 5 4 {1 2655 2R A
out FARKAALE R, FBARMHER KA 2153 our FIN—RLEE R, our B8 Normal RREH) IEF S5, Return
FRNTEABEF return T5F) IR W2 i)t I Bk S o B0fk BLTGIR BHE, Return v 7R return 6 8) & H IR EME, Fail FR1E
FIPAT R, v Fom A 1H, v BRI, vs RREFIZE.

ACRVE Solidity A B PIEVEE X, AN Solidity IR p MR HAAEIRES S BIN RS M HI0E
M PRE, SR MSVL A& AT A ML A A7 2544 AT BLIX 7y, TR AE 52 S Solidity 55 (#4518 S, Jo i %I & X 53
Solidity R p B FAEMHOIRES S BUN RS M U8 T AR EA2 1.
2.6 EEFERKERN

Solidity 1) 72 H Rk 28 A:

le::=id|le|e]|le.id,
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Horh, le WEEFRIERX, id WRELIR, e NRIEX, le[e] £E Solidity H1BE ] AR/R X HZH e R AFI I, ] AR
X et SR (R 5, RN B TT R S I, X e sSRAEAF BB 15 U HR AL, Xt e SRAAIG B iZ e RAEHAL P
IR GME, Xt le[e] HEAT A AER B XRMEB B LT 0 H AL R0 Wb BB 51 I, X le SRAETS BIMLE 2
R HAE, X e SRABAS DI S8R P K key HUMH, X le [e] HEAT i AA X AUSRMEAF BRI key 1 MRS B 5 X 1 bk,
4 R AR B [ 2 A s SR AR S LN F:
getAddr(g,id) = addr

] (E-1)
p.&, - id = addr

K (B-1) FRoRTE 2 /MR AR AL 2 4K, 8 FH bR 2 gerAddr(g, id) = addr W] UL E B3IV 2 AE storage H111
TEREL .
T, =array p,glFleu :l> (s1,0)
p.gl-eu=v addr=(sl,0)+v-getSize(g,7,) (E-2)

p.g, L+ lele]l,u = addr
FR (E-2) 7n 7 3R BUEUL 70 A7 o B ROBR ARV S0, 7 B REE 7, FUWT 4T le [e] FISE AL TR B, Hiik 2
B RIB R BN RS, 56X le KALME, 19 BB I B HIMELE storage WAL E. R Solidity (1 A FEAEAY ]
K, BB AETT A —ASHT AT R, RIS 21 E AR (s1,0), 2RJE X e SRATME, 3 RIS RALAH T R TIME, &
LAG R TR WS PR L E Oy bk BT ER A S &

T, = mapping p,g. [+ le,u = (s,0)
P&l eu=v keccak256(h(v)-(sl,0)) = addr (E-3)

p.g. = lelel,u = addr

UM (E-3) 7R 7 WS BRI 72 (EARAEE 3, B 5B MREE «, FIWTRAL R T et Y, i\ 2l Rk sU A

WS 2R G, ot le SRAEAE, 75 BIBLGT 285 1) 15 HhhE7E storage W HIAL B, HRHE Solidity I P AAAR Y ] %, Wt 2570

ERTT R —ASHT S, DA 25 bl (s1,0), SRIG XS e SRAGMHE, 15 BIWUH KL key 1H v, Hi keccak256
(h(v) - addr) AW T B R AL, B 31ZE{E1E storage T HIHbE addr.

p.gl+le,u N (s1,0) LVs_struct(lv,id) = addr = (sl,0) + field_offset (id,¢,,)

, (E-4)
P&, le.id,u = addr

FUI (E-4) $3R T SRILCASHE VR R 51 A8 Ao B BR AT 15 L. Le SRACAH, 15 BG5S HRAE storage T 1 k.
HRAE Solidity [ A A7 BB AT &0, 25 44 1A e & IF I8 — AN B B4 1, 81 e 45 3 1 M dik o (s0,0). FRAR 95 eR B LV s
struct (Iv,id) F5 3% 7 AR F1E storage FF I WAL 5.

2.7 HEFRERERN
Solidity H A7 {EAIA T E L F:
e:::constant|id|le[e]|le.e|el (e3)le’ lunop ele, binop e,lle assign e

AL AR L F:

P&l le :l> addr load(S,addr,getSize (g, 7)) =V (E-5)
D&l leu=v

FU (E-5) #iiR T BERe S o i A 28 2 RE S BN A RE MR, B KT a5 R Ll R AR
AR, W IR L AT A RAB AORAE B AR 8 3, SePRIERIE U Dy e Al 3 sU SRAB 45 RO L ik, 7545 71 Ry
H load (S, addr, getSize (g, 7)) WNAFAHH IIERILATA.

T, =array p,glFle,u :l> addr, p,g,l+e,u=v,
LVs arr(addr,,v,) = addr, v =Iload(S,addr,,getSize(g,7;)) (E-6)

P8l lele]l,u=v
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KU (E-6) ik T %4 70 2 3K UM BB R AR R L. B SR HIWT AT le[e] = ARSI, Z2HE EEE
IEIRAE AN (E-2), 73 305040 0 & 07t ok, ARAE Hh bk 5 B 4K load (S, addr, getSize (g,7,.)) 3 B H G R AE
storage H [11{A.

T, = mapping p,g,l+ le,u N (s,0) p,gl-eu=v
keccak256 (h(v)-(sl,0)) = addr load(S,addr,getSize(g,7,)) =V (E-7)

p.g L= lelel,u=v
U (B-7) #5381 Wi 28 B3R BURE 2 A B I B 15 S0 BN T MR IE 2 le [e] MBS 25 BY )5, IS L (E R 1L
FARAEE SR (E-3), 15 BB B 0 A7t bk, AR ek SR U R 4 4.

P&l le,u =l> addr, LVs_struct(addr,,id) = addr, = addr, + field_offset (id,¢,,)
v =load(S,addr,, getSize(g,7.1)) (E-8)

p.& 1l lejid,u=v
F (E-8) #iid 1 SRHR S5 ¥ A4 il R AL B AR IO BRAE TR L. S5 MR R 1) 3R AT A M R 2 A e 5 HoAm s &
(IR, SRR R EL field offset (id, ,,) M\ A 1R EITE storage W [ IRHS &, FHE M LVs_ struct (addr,,id) 3RS
R R R A B (A, B 240000 PR 2 load (S, addr, getsize (g, Tiy)) 3 EIFE storage HH X B 1A
p.&g L+ le,u :l> addr p,g,l+-e,u=v store(S,addr,7,,v)=S’ (E-9)

P&l +le=e,u= Normal
HUIL (E-9) HiR 7 IL{E 423 S OB 145 SL. 21 Jeid /2 (A kR AT HUI A4 51 e ok, FESIE 4 235 4
SRAEMNAF B e (1 SEBRME, B8 K EL store(S, addr, ,,v) ¥8BN 7, BME v 17 J8HE storage H ML addr 4b.

P& l-eu=v, unop:#++ |—— V_unop (unop,v,) =v (E-10)

p,g = unopeu=v
HU (E-10) FiR 7 5 H 18 HRIE A RHRAEE X, BT B3 B RERERIE G TN, Bk el Hig &
TrRIZRA 2 JE AR TR 5 H iz B R 2 V_unop(unop,v,) =v BB BEENSER, v= unop vy.

I
p.gl-eu=v, p,glr-eu= addr
unop::=++ v=vi+1 store(S,addr,7,,v)=S"’ (E-11)

P&, = unop e,u = v, '
FUU (E-11) #8538 7 G R AR AR S 5B S H s SEANR], B 3G A 20 A By i AR 2 hAT ST A, Tt
NIEABEI 1. B EERE S 2 R

p.&l-e,u=v, p,gl-e,u=v, V _binop(binop,v,v;)=v (E-12)

P&, e, binop e;,u = v
F (B-12) #iR T X H B HERE AN REE L RI\BLAELEXRERNEE ¢, He, 1MHE, BT K2

V_binop(binop,e,,e,) =v BEWBEZHEMSER, v =V, binop v, .
p.&l-e,u=v..p,gl-e,u=v. vs=(y..., Vi)
p.gl-e,u=vs

RN (B-13) 53R T SEBNRKRIEE L. b e = (e, .. e0), MEBHNE G D SEEAT HERIBE R,
53 (vy,..., vo), Hvs=(@,..., Vi)-
2.8 FEAKEMN

Solidity FEAEA)E SUA stme, 5 2518 A), R ENEA), ik RGEA), 2 0FHIWTE ), 7 AT 8 ), 955015 4] LA
K RBOR A ER)SE. A4 Solidity 15 A HRAEIE L.

B FORTE LRI T ARPATAE AR, BT a5 5 ) bk 5 A8k AR 28 Ak, DR R AT B R IR A AR K,
AR AEE SR

(E-13)

0.8 L f ., u= Normal,u (S-1)
return 15 )R AE 2 AR IR B e K, AT R B BRI AR D A, Bl R AT RS RS R AR K. return 1
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H)AF 3 FhigOL: TR EME (S-2), IR Bl —AME (S-3), IR [E{E 513 (S-4). return &) [ HRAEE LN :

P&, L, f + return;,u = Return,y’ (S-2)
8l -eu=
p.glEeu=v (5-3)
p,&. L, f - return e, = Return v,/
g l-e u=vs
P8 H (S-4)

P&, L, f + return e*,u = Return vs,y’
ZAAE AR 26 A i 12 50 e I BB R PR AT R — 3B 23 (VB ), DRI e AT 1 JE RS R AR AR Ak, if 1 ) () 45
FETE LT
p.&l-eu=v is true(v,t,) p,gl f+ stmti,u= out,
P&, L [+ if (e) stmt, (else stmt,) ,u = out, '

(8-5)
p.gl-eu=v is false(v,t,) p,gl fF stmty,u= out,y
P&, L f +if (e) stmt, (else stmt,) ,u = out, '

T S 4 A AW ek kA7 SR A, Ho is_true(v,T) 5 is_false(v,7) PR TR A e 2t e PISRIEEE R 2
RABZE RN true IS, AT 1 A0 SKHIE A stme,, 13 B1E 4] somty, BIPAT 45 2R our, 5B NAT S R 515HH)
stmt, FIGER—20, SN (S-5). 2HE KA RAAGE RN false B, S5 AFE A HIPAT S5 R 5IEA) stme, AR,
SN (S-6).

IR AT 1 D B B A S R

p,& L f = stmt,,u= Normal,u, p,g,l [+ stmty,pu, = out,u,
P& L f = stmt; stmty, u = out,u,

(8-6)

(8-7)
P& L f+ stmt,u= FaillReturn, i’
p,& L [+ stmt; stmty,u = Fail|Return,
1B somey IEH AT G5 AT, P PATE A B HATEE R stme, BFIHRAT SR — 80 ZH N (S-7). 4
VB stmt, PAT RN A return {BH)I, stmt, AEPAT, T HATEDWPAITLE RS stmr, — 3 ZHMN (S-8).
TEAE A P, HaEidE LT
(1) While(e) stmt
(2) for(stmt;e;stmt,) stmt
for JEFME A HRAETE X:
p,& L f = stmt,,u= Normal,u, p,g,l f for(e;stmt,)stmt,u, = out,u,

(8-8)

.8, L, f = for(stmt,;e; stmt,) stmt,u = out, s, (8-9)
p.gl-eu=v is false(v,t,) (S-10)
D, 8,1, f = for(;e; stmt,) stmt,;u = out,u
p.gl-eu=>v is true(v,t,) p,gl f+ stmt,u= Normal,u,
D.&, L = stmty,py = out,u, for(;e; stmt,) stmt, 1, = out, 3 (S-11)
D, 8,1, f = for (s e; stmt,) stmt,yu = out, s
p.&l-eu=>v is true(v,t,) p,gl fF stmt,;u= out,u, out=Return|Fail (5-12)

D, 8,1, f + for (s e; stmty) stmt,;t = out,
for PEIMEA) I e BAT VBB A stme,, FEIRATIEIA N2, I RDE HY57 50N stme,; for e; stmt,) stmt, 575 31
T (S-9), MR L& k5 A5t 3 MBI, FEIRFIMT AT e, SRAEN false I, TEFREE A, SN (S-10). TG %A+
ey 164 true I, SR AT IRIMA N IE ) stme, IEW AT )G, BT e, 15 ZIHTAPIRGE, WHTHPIRZES i, 4REHEN
TEIR, 2N (S-11). FFIEIRR NIB A PAT L5 N Return 5K Fail, 7% B R 5008 BEAGIR 18] 8808 B 5, 16 3RS %)
4R, ZHEHN (S-12).
while 753 b8 SR #R A 18 3L
p.gl-eu=v is false(v,t,)
.81, f + while (e) stmt,u = out,u

(S-13)
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p.&l-eu=v is true(v,t,) p,glft stmt,u = Normal,u,
.8, L, f + while (e) stmt, u; = out,u, (S-14)
D, 8,1, f = while(e) stmt,u = out,u,

p.&l-eu=v is true(v,t,) p,gl f+ stmt,u= out,yu; out=Return|Fail
p,&. L, f = while(e) stmt,u = out,u,

while JEIME A LTS for JEMAEML, HIZGR/D T HIARAIE ). PILES Y 3 AN R IR0, AR 40 24 1k 25 F o
it 35 SR Ak FELAE S A RN 408 R 451 e HOSRAE RN v o4 false B, while FE3R 45 3R, 225 MU (S-13). H4PEIREAE e (1)
SRAEFEN v 2 true I, SATIEIR A I ) some, I TR A PATEE R, 2 stme IEFE AT SR, 15 208 APIRES o, IF 4K
SEPATIEINE ), FRIB RS 1y, ZH N (S-14). 24 stme 24 return B R BT R 7 I, JEFA AL RIZ AL, IREAFE
KB, ZHERN (S-15).

RO FVE A W] 4 WS IR A AN SR . R A R e R — & 2 ek i TR BT, AR R AR AN
B BRBC AR .

BEAL TG 5INB I TR

o C: XHEET & UHIPTA B RE & QbR AT &

o G: WNERE A LIFRIRAT WU B % B 427 A2 R s AL

o fundef (g,id.,id;) RHUH 3 N8 GALHRMEERH M REBAR, & REid, 78, W fundef R BH
BRHUE X, i8N func, HMIRE @

PRI 8 B P PR R A 0 S

p.gl- e u=vs,u  fundef (g, id.,id;) = func and func + @
P.& L[+ func(vs), 1) = Ve, ity (S-16)
P& Lf Eidp(e), = vee pto

(S-15)

p.g e u=vs,u  fundef(g,id.,id;) = @
P, &L f - id,(vs),uy = Fail, i, (S-17)
0.8 L fidi(e),u= Fail,u,

PN 1S R R IR, 1 560 BRI S R AT SR A, AR BR BRI e & A TP R TR AR FE B X, # A7 AE, A
AT R HUARAD, KB N IR EE AT TG IR E P 2R, RIS 23008, B RBE % & A ANEAE 78 X, WIARAT 45 5
Fail.

HMERERBCR R ITE A e).e,(e2), Ho e, RIRIMEE L, e, R 7 A BISM TR BT, 5 50 75 2 N X s rp 3k
HANRCE L 00ME B, FI T R B0 ARLE, B AATE, WHAT R, 5 MR H 2RI, BLi Solidity < B il 3
[F] 3 BE 5 fallback, [F]3E g $i & B X BLEE A, 78 MSVL /R 5 A5 R R, BRHX BAEH Fail 2R M55
Uil ER LS

A8 R 0 FH 3R R T

P&l e u=id,u  p.glk ey = idpiy  p,g 11 e, = vs, s
id.¢C p,glfrid.id;(vs),us = Fail,p, (S-18)
P& L f 1 eie(e;),u= Fail,u,

P&l e u=id,p  p.glk ey =idppy  p,g 11 e, = vs, s
id.€C G(id)=g. fundef(g.,id.id;)= funcand func + @

D& L f Fid.. func(vs),us = Vye, iy (5-19)
P& Lf - erex(es) = Ve fla
P&l e,u=id,p  p,glt e =idpp,  p,gll €1 = Vs, s
id.€C G(id)=g. fundef(g.,id.id;)=@a (520)

p.8& L f v id..ids(vs),u; = Fail,j,

P& L f 1 eie(e;),u= Fail,u,
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Hrp, A C LG HIWTAMTS A R e & 2R AP T XSk 2 b, AL, AR, SN (S-18), HAELE,
Wi G RBGKIBUZE AN RINEL. ZJF8 fundef BRECH W AR ) R Hi0 B € X, 25 T 3 MISRIH R
Hoe S, PAT R EIFE BIILIR [EME, S50 (S-19). 5 AR HE S, W R, PATEE RN Fail, %M
M (S-20).

PN 5T BR B B AN R R R S SR BB B B e BT, func (ve) NEREUE X, v, N func FIIR EME, B2 HBIE
FIPATE R our IREMERM SR EME Z WS R W T:

Normal|Return,void # @ Return v|Return vs,t # v,, 241 # voidii} .
TN EBR B func(vs) B:

Sfunc = [t|void]lid; (par){stmt} alloc_mem(M,lpar) = (M,,loc)
store_mem(M,,loc,l, par,vs) =M, p,g,l, f stmt,u, = out,us out,T#v,, (S-21)

0.8 L f = func(vs),u = v, free_mem(us,loc)

Hep, par RRBREIE S, alloc_mem(M, 1, par) NS HAE N A7 memory HhT R B A, JEIR [T AR
& M, MSTRINGALE loc. BB store_mem(M,, loc, 1, par,vs) TEFE NS EUE vs ATES par BHATIRAE. free_mem
(s, loc) RNTEIR H BRI, 47T Solidity JRZSH ws, HAEIR H KB HOS AT RN RAF T S BT 4 TR R N A7

XFFAM B R ER R id,. func (vs) A

Sfunc = extern|[tlvoidlid; (par){stmt} v, =id;(par)
p.& L f+id..func(vs),u = v,.,u

Hi, v, = id, (par) SRESNT R BOR A id, (par) 1R BN 25 58, S5 R ECAT I FEAR 2500 24 1T & 20 BARAS 18 g i,
BR 478 B H0UR P BAAT AT SRS R R AR R

3 Solidity 5 MSVL #4E1E X S/ 14 ERR

(S-22)

SOL2M #eHfu 2% " PR Th e 2K Solidity 72 P i H A THRE S 19 MSVL F2 7, AR UEFE 3 57 J5 (K F2 5 75 3 E
B RS, ARSCE T Solidity i 5 FHEMERIEE X, HIEARTT L H Solidity FHHEMEE L5 MSVL #:4/E1E L
Z RIS PR TIE A
3.1 Solidity ] MSVL Ry&5#An|

fERE 2B, S8 JavaCC Xt Solidity HEAT 1 IRARIETA 34T, SCIL T Solidity £ MSVL 9 H 2h#%#: TR
SOL2M % #e s, 581 1 %F Solidity /7 (1 B S AL @48, JFii i SE#EAT T Solidity 217 I AL IRAE, $6H 1 7732
(RRTAT . AT £ B 28 SOL2M 545 85 A3 e U, O™ SC I 8547 14 1IF BH B4 5 kit

2 9 2N Solidity ] MVSL [{5: A RUE W I, 4 Solidity 257 7, 5 MSVL KR ¢+, — X i, &5 2N AEE
NP @ 8 X o SN PEIE I B A, 3 (3 F TR s 7 VR B0 3 e, fRTAL T 7 i R B 2R B AR i e ], G
FERRE N 1, 3854y MSVL 1) char 2554, Ak, thF MSVL Hri& A Wit 27, DR it A FH 45 44 fAxet B dE AT 4t R
FEIR, F A — S 0 AR ] N LSS 2 T e (g, 5 — S R B 22 (14 . 4 —2H mapping ${E X 7E MSVL H
HAT — NS B S5 AR S IR, BEA mapping ZR2Y H 45 MRSl R 3Ok, 3 10 24 Solidity F MSVL %0
RN, block, 7~ Solidity FR/FHR, #4J5 1) MSVL 27 HUEFH block, FRoR.

29 Solidity Fl| MSVL (132 70 4 H 41 )

Solidity % 25 MSVLE
int, int8, intl6, ..., int256 int
uint, uint8, uintlo, ..., uint256 int
bytes, bytesl, bytes2, ..., bytes32 char
bool bool
address char
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F 10 Solidity ] MSVL 4% o5
By Solidity /5 MSVLEEF?

uint public a=0;

int a and a<== 0 and skip;

PO uint[] public arr; int arrfMAX] and skip;
struct id { struct id {
AL block, block,,
} }
function vote (int id){
function vote(uint id) public{ frame(a) and (
SR uint a= id; int a and a<== id and skip
} )
35
throw; .
blocks; skip;
function fun(int return_value) {
e n)iEs) function fun() { frame(return_flag)(
return 0; int return_flag <== 0 and skip;
} return_flag := 1 and return_value:= 0)
3
if(expression) { if(expression) then {
block, block,,
ZAFEA] telse{ Lelse{
block; block,,
} }
for(statedef;el;e2){ Whgf (eli) {
TEHFER) block, ezf’c m
} ) ’
* 0, * 0,
EEEe LRI S e
o gk v T . el=e2 el:=¢e2
FREE A RIS el[+ - *, /, %]=e2 eli=el[+ -, *, /, %]e2
amgEsg s 50 o

32 SIEEX

AICHER 2 W& X T Solidity RFE pu=<a,0,M >, KPR o =< b,p,S >. S KR storage FHEIRT,
storage H TR G LIRS, M R7R memory WAAIRTE, memory H TIRAE G L BREAN B RFAS &, A SCH A
FKVE Solidity 15 & A & WHEEERME, LA LLIAK Solidity ARZS p BISCARAN H HAZ IR S AN AEIRES M vz,
1M MSVL LW R RA LRI R &, WL R — A7, WA AR 47T LLX 43 storage 5 memory.
IR A S VB SCE AR A B R, B MSVL WAE4r A4, 1A mstorage 5 mmemory, 3 A% M Solidity H )
storage 5 memory. IX W 5354 B MSVL PAERZS 0 AEN s[s] 5 s[m], 1555 Solidity IR S 1
WAEIRAS M I, AN Solidity HRAS u 5 MSVL IIAFIRAS s SN ET, BIRASE M. R4S IF B F2 A% Fo 43 31
HE.

A AE ] B o Fom WAETEN P, 58 U —AN M Solidity B storage Hiik addr 8% memory il loc %
MSVL W71 B (b1,6,,) 15 R %L, 2RI Solidity F2/7 H 1 addr B loc Xf M. MSVL F2 )7 H KR 5 bl Fl
% 6,.

T HNIFENRE o, Solidity F HIME v, M MSVL H HI{H v, MK RIEN a - v, ~ v, EXITF:

oVl atc~cHry, =v,=c.

e V2 «+ ptr(addr,iy) ptr(bl,i,), Y v, = ptr(addr,iy), v,, = ptr(bl,i,), 2 HAKMAFTE S, € Ny /2 o (addr) =

© PEBEERKCEIFR  htps/www. jos. org. cn



4022 HAFFIR 2025 FF 36 K% 9 &

(bl,6,) H i /getSize(g, 1) = (i,, — 6,,)/ sizeof (t,,)-

e V3 ot mapy)~map W), DHAE vy, = v,y H map(vy)) = map ), F map IR < R 1T REL,
1E Solidity H 5% FAL ML KM AT mp H map (vy)) = v, = mp vy ], T MSVL X T 5 mp #8181 25 M AR E 2
ma map (V) = v, = malk].right H.ma[k].left=v,,.

HHr, V1 FIR Solidity 5 MSVL H# & ¢ %M. V2 IR Solidity ik i 5 MSVL [WHLbE per(bl,i,,) AN
V3 i 7 Solidity 5 MSVL B 257 (%41

S 1. W T 4L EN «, £ 5 Waddr,bli,,jeZ, W Ratv ptraddr,i,) ~ ptr(bl,i,), I 4 a v ptriaddr,i+
Jjxsizeof(ty)) ~ ptr(bl,i, + j* sizeof (1,,)) .

E A

(1) @ & ptr(addr,i,) ~ ptr(bl,i,) =Y
(2) = a(addr) = (bl,6,,) Nis/sizeof (t,) = (i,, — 6,,)/ sizeof (1,,) V2
(3) = aladdr) = (bl,6,) Niy/sizeof (t,)+ j = (i, — 6,)/ sizeof (T,,) + j )
(4) = a(addr) = (bl,6,,)) A (is+ j= sizeof (7)) [ sizeof (1) = (i, + j * Sizeo f(T,,) — 6,n)/ sizeof (T,,) 3)
(5) = a & ptr(addr,i;+ j* sizeof (1)) ~ ptr(bl,i, + j* sizeof (t,,)) V2

{EEFERIE, addr+i,+ J=sizeof (1) 5bl+i, + Jjxsizeof (1,,) LRI EHLN A RN,

EX 1 AREEN). S FAEMANFEEN o, Solidity 5 MSVL [ NAFIREZEM, iL N a - u~s, ZHNHUT
S RO

XF Solidity T2/ LR AR SAE & x, € Dom(g), MSVL F& /5 it T35 8 x,, € Dom(s), H. addr,bl,i,, € Z, LA J%
Voovm € D. HIHTE Solidity FEF 4 p,g,l - xop = addr H. p,g,1 - xou = v,. 7€ MSVL B4 s (x,,) = (bl, i) HL
§" (Xp) =V, BAEH @ & addr ~ ptr(bli,) Ha v, ~v,. SRR AR HTIE R S 4 R R EE R,

1 BT Solidity #2775 MSVL #2572 (A PRGN K R, HELFZ, X Solidity /7 F I EZ RS
MSVL F2 5 H oA Xt B AR B 1) 77 A o B B #R A, W) Solidity #2/57F1 MSVL F2/7 IR

EN 2 (EEFERZMN). W TEERNFEN @, Solidity 5 MSVL BB RER ¢ 5 a2, LN a - e~a,
M BAH LR AR RO

it FAE = u,s,addr,bl,i,, o, R o - u~s, It HAE Solidity e ek P&l e =[> addr, 1 MSVL & ¥
1 (@05, |ol+ 1) = (bl,i,), AT o - addr ~ ptr(bl,i,).

JE 2 F5I8 T Solidity 5 MSVL MR IA &M € . H PR XTT Solidity LR M EHRIE K e Al
MSVL FAHX B 7E B RIE R a, FLHTRR ARG 0L E S0, J0I 35 AR Fak SR s AR R R, BRIk e {2k sUEE 0.

EX 3 HEEREREN). S TAERNEEN o, Solidity 5 MSVL A EEIER e 5§ a2, i N a - e~a,
2 HACH DL S AL

B FAER w,8,v5, o, WHR a - p~s, F:HTE Solidity BFHH p,gl+eu=v,, It MSVL BJFHEH
(a,o, 8,01+ D) Uv,, HArBarv,~v,.

JE X 3 4R T Solidity 55 MSVL HAEFE X EEM € . XF T Solidity T EE A EH KL e F1 MSVL
A LA RIE R a, FPTFRARMESEN, WA ERIE RGN, A ERIE RGN LR LR REEN 4T
ESr N e

EX 4 (RIEREM). M TAEMAFEN o, Solidity 5 MSVL MIEIER e 5 a %M, i N a - e~a, B HAX
Y e M a ¥IRFEERIERI, H a b e~va, 3, Xe Ma¥IRNGERERN, H a - e~a.

E X 5 (Solidity IBE)ZEM). MRS u=<a,00M > (HF o =<b,p,S >) TFEPATIEA] stme 4 T AT st
BN (stmt, ) = (stmt’ 1), 4 HAG M Solidity IRZS u B RIAT stme F stme’ 53518 BN F AN XN w, = (g, . ..) F
W=, ), HIXBIAN XA 2, XA i >0 H = .

E X 6 (FBRIFM). M T4 € FINAEEN a, Solidity iBH) stmt 5§ MSVL iBH) ms 4, 128 a - stmt ms, 24 H.
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EIYE S SN A

XFALEN w1, 55,4, out, MRE a - u ~ s;, FEHTE Solidity FH p,g,1, f + stmt,;u = out,i’, H4 MSVL H1— &
HFHEREA o WL (ms, oy, 5i,0) — (true, o, @, |0+ 1), B - ~ Sl -

5E X 6 #5781 Solidity 15 %) 5 MSVL 1HAJ S8 3, H URWIR Solidity i) 5 MSVL 1B AJEEMATHT )
REZAN, BAPAT G PR BN
3.3 FIARFMMIER

EIE 1. 8T SOL2M #4585, ¥ Solidity KX e F i MSVL Kik K a, i N a = TranExp (). W T4 E W
WAAEN o, (EERIueS,seM, R arpu~s, Watr e~a.

TEBA: X e M 25 A FH 45 M A 930 B A THIE B ) gl B

1) 5T 55 e, RARAOL.

2) X VA5 & id,, id, = TranExp (id,), 3 id, 1 id,, ¥ A ERIER,

Dakru~s oA

Q) = V6,.addr,i,, ,u.(p, gl b idou= addr)A s/ (id,) = (bl,6,) —

a + load(S,addr, sizeof (1)) ~ ptr(bl,i,) E-1, & X1, (1)
3) (idy, 0, 5, ||+ 1) = s'(id,,) L1
(4) = V6,.addr iy, ,u.(p, el id, = addr)/\ (idy, 7 5, |07+ 1) = (bL,5,,)

— a & load(S,addr, sizeof (t,)) ~ ptr(bl,i,,) 1,2,3)
(5) & atid~id, TE X2, (4)
6) = a+ id,~,id, 5E X4, (5)

3) SHFRBEN v M —4EEd JE &K, Solidity KRN le[e), HH le v id, MSVL RN N id,, [ra), HF id,, [ra] =
TranExp(le[e)), ra = TranExp(e), id,,~ le~ id, [ra] Flle[e] ¥ NIEMERIERK, e M ra B NAERIER. B2 Nz H
R, RUNEUH TR AL B B ME—E, g ek SR kg, Bt DART R4 T 300 m) HE B,

() a v le~,id, Aa + e~.ra SN 585
Q)aru~s CLRISk A
3) p.g, 1+ lele],u N addr +i ik
4) = p.g.l+leu = addr A P&l eu=viA(i; = v, sizeof (1,,)) E-2,(3)
(5) (id,, [ra). o 5.l + 1) = (bL.i,,) B
6) = (@d,,o,s,lo1+1) = (bLO) A (ra,o, s, o)+ 1) J vy Al = vy, - sizeof (T,,) L2, (%)
(7) (idy 0, 5.0+ 1) = (BL,0) A p.g.1 - le.jt = addr A(ra,or, 5|01+ 1) U v,y A gl F et = v, (4, 6)
(8) = a + load(S,addr, sizeof (ty)) ~ ptr(bLO)Aa = v, ~ v, EN2,3,4,(1,2,7)
(9) = a + load(S,addr, sizeof (1,)) ~ ptr(bl,0) Av, = v, ve5v, BIREERIEE, V1, (8)
(10) = a + load(S,addr +v,- sizeof (t,), sizeo f (1,)) ~ ptr(bl,v,, - sizeof (1,,)) 51#1, (9)
(11) = a v load(S,addr + i, sizeo f (1,)) ~ ptr(bl,i,) (10)
(12) & a & lele]~id,,[ral & X2, E-2, RS, B, (11)
(13) & a + le[e] ~id, [ral i€ X4, (12)

T RIFRATIE, Solidity RN N le[e], i le 2 id[e,].

4) XF F 5 KR Al R AE &, Solidity R RN le.id,, MSVL W3R~ N laid,, H. la.id, = TranExp(le.id,), la =
TranExp(le), les la. le.id, Al la.id, NEAAFIER, id, Fid, ¥INAHERIER. Solidity B2 7 H &5 A Struct, R
B A PRI kAR, BN MSVL FEF HH G5 HAR Struct, B B3 A FF RIS kS5 (R8s M i 2 91 2%
iR RIRBLN 1. field_offset(id, ) IR B G5 H R I R FI 2 o T AR & id TE N AR R &, 8 T ik B5,
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HoRmRs = field_offset(id,p) = sizeof (t,)+ ...+ sizeof (1,_,). E-4 N R, R R &5 A R i 3 A R ) A L A e
—E, ML S RS e, BT DART AT I e 4

() a & le~lana & id~,id, JEELT 585
Qaku~s [y IR
3) p,g, I+ le.id,u N addr + 1, B N2, Bk
4 = p,glFlepu =l> addrANi, =6 E-4,(3)
(5) (laidy, o, s, ||+ 1) = (bl,iy,) %
(6) = (la, 0, 5,|07| + 1) = (Bl ju) A (i = ju+6) L4, (5)
(7) = o+ load(S,addr, sizeof (1)) ~ ptr(bl, j,) SEN2,4,(1,2,4,6)
8) = a - load(S,addr + 6, sizeof (1)) ~ ptr(bl, j,, +6) 5131, 4,6, 7)
9) = at load(S,i,, sizeof (,)) ~ ptr(bl,i,) ®)
(10) & a + le.id,~la.id,, E N2, (9)
(1) = a v« le.id,~,la.id, 5E X4, (10)

5) T RE A« 4R TE, Solidity HR R Nielel, HHle Hid, MSVL W& 7R Hid,[ra], Hh
id, [ral = TranExp (le[e]), ra = TranExp (e), id,, Fle B REBERIER, id, [ral - lele]~ e Flra Y NAERIER. E-
2 5 B-6 A mEH, BB o E A B EAME—, HE k5 W & e, Br DART 3T 08 4.

(1) a & lele]~id, [ral Na - e~ ra IEELT587d
Qaru~s EAI%A
3) p.g,l+lele]l,u= v, & X3, ik
4) = p,glFlele]l,u :l> addr +i, Av, = load(S,addr +i,, sizeof (1,)) E-2, E-6, (3)
(5) (idy[ral, o, s,lo1+ 1) I Vi s
6) = (@d,,o,s,lo]+1) = (bl,i,) Av,, = ptr(bl,i,) L2, RS, (5)
(7) = a+ load(S,addr +i,, sizeof (t,)) ~ ptr(bl,i,,) E X2, (1,2,4,6)
®)eoatv,~v, E X1, (4,6,7)
9) = o+ le[e]~,id, [ra] TE X3, (8)
(10) © a + le[e] ~.id, [ra] £ X4, (9)
TR RIS AR,

6) Xt T &5 ¥ 7k iR R A &, Solidity R IR A le.id,, MSVL W R IR N la.id,,, H la.id, = TranExp(le.id,), la =
TranExp(le), le Fl la NIAERIEN, le.id,~ la.id,~ id, Fid, I ERIER. E-4 5 E-8 NI I, B4k
BRI AR B A B B ME— P, R kS (R A e, BT DART AT I [ R

(1) a - le.id,~la.id, A & id,~,id,, VA gA A
Qaru~s CLRISk
() p.g, I+ le.id, ;= v, 5E X3, R
@) = (p,g,lFle,u :l> addr +i,) A (vs = load (S,addr + i, sizeo f (1)) E-4, E-8, (3)
(5) (a.id,,, o 5,0 +1) U v, (585
(6) = (la,a,s,|07+ 1) = (bl,iy) Av,, = ptr(bl,iy,) L4, R7, (5)
(7) = a - load(S,addr + i, sizeof (1)) ~ ptr(bl,i,) E X2, (1,2,4,6)
®)eatkv,~v, EX1,(4,6,7)
9) = o+ leid,~la.id, 5E X3, i, (8)
(10) = a & le.id,~,la.id,, 5E 34, (9)

7) XF Solidity H % H 38 B 3R IE XA HAth B2 HiZ & unope, MSVL ' mop, ra = TranExp (unope), HH
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ra = TranExp(e). B-10 N [a{# F, KN 5 H s EnT 0 ) 34, Bt DART 3E4T 100 [m) HHE 2.

() a + e~ra IHZR B 1
Qaru~s CUn A
(3) p.g.l = unope,u = v, A(mop, ra,o, s,|o|+1) | v, 583
@) = p,glFeu=vyAv,=unop vy A(ra,o,s,|ol+1) v, Av, =mop, v, E-10,R8, (3)
5) = ab vy ~Vu AVy=unop vy Av, = mop; v, EX2,3,4,(1,2,4)
(6) = vy =V AV, =unop vy Av,, = mop, v, &)
(7)) = vy =, (6)
®)=akrvi~v, V1, (7)
9) © @+ unop e~,mop, ra 7E X3, (8)
(10) = a - unop e~.mop, ra 5E M4, (9)

8) Xt T Solidity H FIX B 12 & e, binop e,, MSVL W& ra, mop, ra, = TranExp (e, binop e,), - ra, =
TranExp(e,) Hra, = TranExp(ey). B-12 R IAME ], B3N H 13 HR30 ) AR, By ARTEAT 30 ) 3.

D atrer~ rahNat e~,ra, ST 585
Qatpu~s S
(3) p.g.l + e, binop es,u = v, A(ra; mop, ray, o, s, |ol+ 1) J v, &

@) = p.glFe,u=>vaiAp,glEenu=vyoA(ra,o,s,|ol+1) Jv.,A

(ras, o, 8,|o|+ 1) U v Avy = vy binop vy Av,, =V, MOp, Vi E-12,R9, (3)
B)=abkvg~vmAal vy~ Avy=vy Dinop vy Av, =V, mop, v, EN2,3,4,(1,2,4)
(6) = vy =V AV =V AV = vy DINOP Vg AV, =V, MO, Vi &)
7= v,=v, V1, (6)
@)= akv,~v, (@)
(9) © a + e, binop e,~,ra, mop, ra, 7E X3, (8)
(10) = a \ e, binop e;~.ra, mop, ra, T X4, (9)

9) %fF Solidity H IS HHIK e = (ey, ..., e), MSVL Hid N ra* = (ray,..., ray) = TranExp(e’). H e, 5
ra; (1 <i<k) ¥HAERIENX. B-13 A A, FvSEE 8 FIR TR, BT DUAT 3EAT 06 a2,

(D are~ra(1<i<k) ISEE3s
Qatp~s WYSIE S
3) p,g,l+ (ey,..., e, u=v,A((ray,..., ray), o, s, |lol+1) v, (585
@ = pglr-eu=viAvi=y,..., V) A

(rag, o, s,|o|+ 1) U v Avy = WVtseens v )(1 <i<k) E-13,R13, (3)
B)= vy=vu(1<i<k) (1,2,4)
©) = vyu,-.., Vo) = WVt v es Vi) 5)
D= at gy Vg) ~ Wptyenns Vi) V1, (6)
®)eat (e..., e~ (ray,..., ray) 5E X3, (7)
) =at (e,..., e ~.(ray,..., ra)) o & e~ ra* TE X4, (8)

10) X T B 28 fe [e], MSVL Hr 5 A Wbt S, (K] e A FH 25 A A il R AR B AE X, R S5 MR8 i [ral S
TR WL 2R R id [ra) deft 5 e RAMEME, I HAE id[ra] .right = TranExp (le[ e]). b, lele] 5 id[ra] .right 0]
NAMERIEN. SOL2M # e &3 Wbt SRR/ MSVL g ST B3 mapping_map, J. DI 2 8 [T £ 4148 21 B 57
ARt left (A 5240 MEMIFIM SRR, BN R id[ra] left = 1, BYE MSVL WA [ = TranExp(e). 9 le[e] 5 id[ra) .right
BN AERE . B-7 AR IER, BN e AL B R A ME— 1k, i bk 5 A% & e, BT DURTEEAT ¥ 5]
HEFL.
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(D ake~l g
Qaru~s CLAn A
3) p.g. L+ lele]l,u = v, A(id[ra].right,o, s, ||+ 1) | v, &%
4 = p,gl-e=>vyAvy=map(vy) E-7,(3)
(5) = (d,[ral left,o,s,lo]+ 1) L vy Ao, 8,0+ 1) U v Av, = map (v,,1) L2,R7, (4)
(6) = vy =Via AV = Vi V1,(1,2,4,5)
(7) = vy =V (6)
®) = atmap(vy) ~map V) Avy,=map () Av, =map (V) V3,4,5,7)
D= akv,~v, ®)
(10) & a & le[e] ~,id[ra] .right JE X3, (9)
(11) = a + le[e]~,id[ra).right E X4, (10)

B3 B RS ARG RS AL T — 1 R AIRME 1 AU 48 HIRE T A S5 PEIE R,
3.4 EAFMNMMIEH
IR 2. @I SOL2M #6383, K Solidity & H) stmet ¥4 8 MSVL 4] ms, 1N ms = TranStmt (stmt). X} T4T
HRATEMNGFEN o, TR eSS, sse M, MR a by~ s, BALE a - stmt~ms.
UE B AR SCR U T 4h9 00 58 BREATE B, 1% P PR
P(stmt,u, 1/, out) & ((t by~ s = ms, oy, s8,0) 5 (true,o, @, 0|+ DA =y ~ s‘tﬂ) (TER)
JHL I AN T i 2 EUE R
P& L f = stmt,u = out,y’ = P(stmt,pu,p1’,out).
PATF & B IRl . JH 4N B0
1) KU (S-1) b3R5 154, G518 BARAROL.
2) BRI (S-5) F (S-6) ALHEZ& A48 F)“ if (e) stmt, else stmt, . TranStmt (if (¢) stmt, else stmt,) = “if(b) then {ms,}
else {ms,}”, H' b = TranExp (e), ms, = TranStmt (stmt,), ms, = TranStmt (stmt,).

XTI (S-5), Horb b SRAE true, FAEHIHNT:

(1) @ e~b EH
@arpu~s LA
() p,g.l+ e,u= true A p, g1, f & stmty,u = out', i’ A P(stmt,,y, i’ out) VARV
@) © (ms,, o1, 5;,0) 5 (true, 0, @,lo|+ DA =y ~ s TER, (2, 3)
(5) = (b,oi1,5,0) | true EN3,4,(1,2,3)
(6) = @f (b) then {ms,} else {ms,}, 01, s;,0)

= (bAms)V (=bAmsy),01,S:,1) IF

= (msy, 0y, 8i,0) B4, T1, F1, F2, (5)

5 (true, 0, @, 07|+ DA (@ - (' ~ Si) 4)
(7) © P(if (e) stmt, else stmt,,pu, 1, out) TER, (6)
TR (S-6), HoHb b RAEA false, HAEBA W1
(1) @ +-e~.b EH
@arpu~s A&
3) p.g. I+ e,u=false A p,g,l, f + stmtr,;u = out, )’ A P(stmty, p, 1’ , out) IEERL 585
(@) & (msy,aiy,5,0) — (true, 0, @, o]+ DA F i ~ 5 TER, (2, 3)
(5) = (b0, 8,,1) | false SEX3,4,(1,2,3)

(6) = (if (b)then{ms,}else{ms,}, o1, s;,0)
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= (bAms)V (mbAms,), 01, 8i,1) IF
= (3,071, 81 B4, T1, F1, F2, (5)
= (true, 0, @, lo|+ DA (@ - (' ~ 5 @)
(7) © P(if (e) stmt, else stmt,,u, i’ ,out) TER, (6)

3) BN (S-2). (S-3) 5 (S-4) 43 return iR Bl A), %F T A & BIME F“return ”15F), SOL2M % #2484 i) 5
N5 RVal AR FIE, LA R & rflag br E1EH) B RAT IR FIE.

4) F) (S-7) 5 (S-8) S ALHRT 7B A« stmt,; stmt,”, TranStmt (stmty; stmty) = “ms;msy”. et ms, = TranStmt
(stmty), ms, = TranStmt (stmty). 3TN (S-7), FHorp seme, 1 HPAT LR, ANFELE return 35A) & AT R, HAEH
wr:

Daru~s; cLan g

2) p,g,l, f &+ stmt,,u = Normal,u, A P(stmt,,u,u,, Normal) A

P:8& L f &= stmby, py = out, piy A P(stmiy, 1y, {1, out) SRS
3) = (msy, o1, 5:,0) 5 (true,0,,@, j+ 1) Aa = py ~ s;A
(msy, 021,85, ) 5 (true, 0, @, o]+ DA - o ~ Spo TER, (1, 2)
4) = (msy;msy, 01, 8i,0)
5 (empty;ms,,0 -1, S, ) 3)
= (Ms2,075-1, 5, ) CHOP
5 (true, o, @, 0|+ DA b s ~ s 3)
(5) © P(stmt,; stmty, i, 15, out) TER, (4)

XtF- BN (S-8), stmt; N return & F) B & AT SR, HAIE B [F) B AT 45
5) XHFIMEE A le=e ™, BN (B-7) 45 T RAERIE K le = o "HIERAEIE X, WA A 3415 L5 H—3
TranStmt(le = ) = “la :=ra”, ' la = TranExp(le), ra = TranExp (e).

() at+ le~la EH
2) a + e~ra EH
BG)aru~s EYSIESEE
@) p,g,l+le = addr A (la,o;_y, 8i,1) = b, jn) s
(5) = a+ load(S,addr, sizeof (t,)) ~ ptr(bl, j,,) EX2,4,(1,3,4)
6) p.g.l+-e= v A(ra,oi1,5,0) U vy 5853
(= akv,~v, SEX3,4,(2,3,6)
fE MSVL F )5 A5 :
(8) 51 () = (BL, jin) fst
) (a:=ra,o,s:,0)

— (O (x,, & v,, Aempty), o1, 5,1) UASS, (8)

- ((x, = v, Aempty), o7, Siy1,i+ 1) TR1

= (empty, o7, (i, ST,y [Vin/ Xa]) i+ 1) MINI1
(10) = 81, () = (bl ) A 5y (5) = vy ©
7E Solidity FEFH 1
A (@pu~sHn sﬁ (x,) = (bl ju) ANa v load (S, addr, sizeof (1)) ~ ptr(bl, j,.) 3,5,98)
(12) = p,g, 1+ x,,u = addr E X1
(13) store(S,addr,7,v,) =S’ fiix
(14) = p,g, 1+ x,1 EN addr Aload (S, addr, sizeof (1)) = v, E-9, (12, 13)
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15 = p,g, 1+ x,1 N addr A p,g,l = x,, ' = vy

Solidity 5 MSVL H [ Ho At A8 & 1) 7 B A 3 A R AR 0%, BRIk
(16) = (la := ra,o_1, ;i) — (true, oy, @,i +2)

A7) = aby ~ s

(18) & P(le = e;,u, i’ , Normal)

1) p,g,l+-e,u :’> addrAp,g,l+eu=v

(2) store(S,addr, sizeof (t,),v+1)=S,

3)= p,g,l+ ++e,u= Normal,u,

4 = p,g,lFepu N addr Nload (S 1,addr, sizeof (t,)) =v+1

(5) = Mo = (ﬂs,ul)

E-

HAFFIR 2025 55 36 A% 9

5, (14)

TR2, (9)
(3,5,7,10,15)

TER, (16, 17)
6) X T Solidity 5 H iz 5 B H AR + + &5, B (B-11) b3 #3545, WA [FIHE, 7£ Solidity HA':

E-

E-11

1, E-9
i
- (1,2)

E-5, (3)
& XS, (4)

X T Solidity IMEIZH“ e = e+ 1 7, BN (E-9) AbHRMRAE F1k 1, 156 [ 2, 7E Solidity 1A

(6) p.g.l+e,u =l> addrAp,g,l - e,u=v

(7) store(S,addr, sizeof (t,),v+1)= 8§

8) = p.g,l+e=e+1,u= Normal, |

9 = p.gltey 5 addr Aload (S, addr, sizeof (t,)) =v+1

(10) = 1, = (uupty)

A A BAVES R R, BIA py =)
(D) po= @) Ao = () A =
(12) = (++e,w)=(e=e+1;,u)

(13) P(e=e+1;,u,u’, Normal)
(14) = P(++e;,u,u1’, Normal)

it}

W, 223 SOL2M #:#e4%, MSVL H 5 while (b) {ms)

) ate~b

@arpu~s

3) p.g.l - e,u= false

@) = (b,oi_y,s,,0) | false

(5) = ((while (b) {ms}),o_1, 5i,0)
> (if (b) then {ms A more; while (b) {ms}}else {empty},o_y, 5, 1)
> ((b A (ms Amore; while (b) {ms})) V (=b Aempty),o;_;, S;, 1)
— (empty, oy, Si, i)
— (true, 0, @,i+ DA(e - pu~s;)

(6) & P(while(e) stmt,u,u’, Normal)

MSVL 5 while (b) {ms} ”, FeH b = TranExp (), ms = TranExp (stmt).
) ate~b
Qaru~s;
3) p.g,l - e,u=true Ap,g,L f  stmt,u = Normal,u, A P(stmt,u,p,, Normal) A
P, & L, f = while(e) stmt,u; = out,u, A P(while (e) stmt, u,, 1, out)

E-

E-9

1,E-9
TR
:(6,7)

E-5, (8)
& X5, (9)
H 348 ) IR VE A BRI N Solidity R7S u K, 88 4, 5 ), Solidity 7 R AT 7L & e [ME KA BUE, HAth

X

(5, 10)
5,(11)

A PRS AR
(12, 13)
7) B (S-13) 4 while JEHE A while (e) stme ”, V5 7] stmt 15 AT 45, DAETE return 57 B2 AT 2K

Hep= TranExp(e), ms = TranExp (stmt).

EHN

EYIP s

fiix

EN3,4,(1,2,3)

WHL
IF

B4, F1, T1, F2, (4)
TR2, (2)
TER, (5)
8) ML (S-14) [ 42 while 7§18 A« while (e) stmt”, 18 A) stmt 1EH AT R, £1F SOL2M e 3%,

EH

Sy
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TN E F: Solidity 2] MSVL #5369 FH-h A1 5 4029
@) © ((ms,o_y,8:,0) 5 (true,o;, @, j+ 1) Aa =y ~ s)A
(while (b){ms}, 01,5}, J) S (true, 0, @, o+ DA - py ~ Sio| TER, (3)
5) = (b,o1,s;,0) | true E X3, 4, (1)
(6) = ((while (b) {ms}), o\, s;,0)
> (if (b) then {ms A more; while (b) {ms}} else {empty},o_1, s;,1) WHL
> ((b A (ms A more; while (b) {ms})) V (=b A empty),oi_i, $;, 1) IF
— (ms A more; while (b) {ms},o_y, s;,1) B4, F1, T1, F2, (4)
5 (empty; while (b) {ms}, 011, 5}, /) 4)
— (while (b) {ms},0o_1,5;,)) CHOP
S (true,o,@,lo|+ DA (@ iy ~ Si) 4)
(7) © P(while (e) stmt,u,u’, Normal) TER, (6)

9) MU (S-15) FIFEALE while 1§ #8515 A while (e) stme ”, G0 FAE A stme A5 TR FUE I return B 4], 250
SOL2M #5448, MSVL 17 while (b and rflag = 0) {ms} ”, 31 b = TranExp(e), ms = TranExp (stmt),, rflag ¥146H

N0, Fon 210 A I return 154,

(1) @+ e~b EH
Qaru~s; CLan gt
3) p.g.l - e,u=true Ap,g,l f + stmt,u = Return,p, A P(stmt,u,u,, Return) iR
(4) & (ms,op, 81,0) — (true,0,,@, j+ DA+ ~s; TER, (2, 3)
(5) = (b0, 5,0) I true X3, 4, (1)
6) = (bArflag=0,0,_y,s:,0) || true B3, BS, (5)
(7) = (while (b and rflag = 0) {ms}, oy, 8;,1)
N ((b Arflag = 0 A (ms A more; while (b A rflag = 0) {ms}) v
—(b Arflag = 0) Aempty), oy, 8i,1) WHL, IF
> (ms A more; while (b A rflag = 0) {ms}, oy, s;,0) B4, F1, T1, F2, (6)
= (Afempty, rflag < 1}; while (b A rflag = 0) {ms}, 01, 55, J) 3,4)
— (empty; while (b A rflag = 0){ms}, o1, s;[1/rflag], j) MIN1
> (while (b Arflag = 0) {ms}, 011, 55, J) CHOP
= ((b Arflag = 0 A (ms Amore; while (b A rflag = 0) {ms}) v
—(b Arflag = 0) Aempty), oy, 5}, J) WHL, IF
— (empty, o1, S, ) F1,TI1, F2
— (true,0;,2, j+ D)A(a = ~s)) (€))
(8) © P(while(e) stmt,u,u1’, Return) TER, (7)

[ B AT 5 A 3R [BMEL Y return 155).

10) FEI] (S-9) £ (S-12) AbFE for fEFATEA)* for (stmt,; e; stmty) stme . ARYEFLN (S-9) 55 X 5, $ATIES] st

JE 13 BPIRES wy, AT “fore; stmty) stmt V)G 13 BIRES py, 98 0] HI (for (stmty; e; stmt,) stmt) = (stmt,;for (; e; stmty)
stmt). ARFEH (S-10) ZE (S-12) I KN (for s e; stmty) stmt) = (while (e){ stmt; stmt, }). KM (for(stmt,; e; stmty)stmi) =
(stmt,; while (e) {stmt; stmt, }), W for JEIFEA) {0 AR BH 7T 25 3% 9 1IE 3.

11) B (S-16) 5 (S-21) AbFH AR E I FH G F)“ id, () 7, ¥E MSVL HVH“ f (ra*,RVal) ” = TranStmt (e, (e5)),
Horr, £ = TranExp(id;), ra* = TranExp(e"), " = (ei,...,e,), ra* = (raj,...,ra;), H.e; = TranExp (ra;)(1 < r < k).

D atre ~ra R
Qatpu~s S
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B) A* (p,g.l+ e,y = v) Avs = (vy,...,v) Aalloc_mem(M, 1, par +dcl) = (M, loc)A
=1 \P>8 H ] p
store_mem(M,loc,l, par,vs) = My A p,g,L, [ = stmt,u, = Return vy, s A

free_mem(Ms,loc) = My A P(stmt, iy, 113, Return v,) ISEAY 585
@) atu~s, Bk
(5) = (ms, o1, su,1t) 5 (true,07,,@, j+ D) A (@ pz ~ s)) TER, (3)

6) (f (ray,...,ra,RVal) o1, s:,1)

— (id(ray,...,ra,RVal), oy, s,0)

= ((A*_ 1,3, Amdcl < ra,);ms; O(ext mfree (y,, ...,y mdcl) Aempty), oy, 5;,0) FUN
5 (ms; O (ext mfree (y,, ..., yr,mdcl) Aempty), o, 1, S, U) MIN1, TR1
(7) (ms; O (ext mfree(y,,...,yr,mdcl) Aempty),o,_1, S, U)
5 (RVal < ra Aempty; O (ext mfree (yy, ...,y mdcl) Aempty), 01,85, J) ©6)
— (empty; O (ext mfree(y,, ...,y mdcl) Aempty), oy, (s_']., siva/RVall), j) MIN1
— (ext mfree(yy,...,yi,mdcl) Nempty,o;, §;.1, j+ 1) CHOP, TR1
— (true,0j41,@, j+2) EXT2, TR2

Solidity ™, BN S 5% B BRI N memory ZRAY, 7E o R H IS B SR BN A7, MSVL 1 [ FELE B3
HRG Ay, ...,y TR AR, HTE R EOR TR N A7, B2 A AT S, Solidity IRES HH u 28 p,, MSVL P4
AREH s BHs,, BNIEAZWIEANPATHHMEENESVE, BXMAER1<r<k, MSVL HF
(@, 01, 50,10 U vy, (D) FQ2) AT AT @ - vy ~ vy, BIEH @ b iy ~ 5, B (5) AIAL @ - s ~ 5;. XA Solidity H
W oy B g SURAS R AT 5, SRS B, T MSVL th Mk s, B 5,00 B0 v, ye A medl TP REM s, SR, 2
i A% B AL B A R AR, A a b gy ~ s

®) = (f(@ray,...,ra,RVal),oi_y, 5;,0) 5 (true, 041, @, j+2) A b g ~ 54 (5,6)

(9) & P(id/(e"), ps pas out) TER, (7)

[FJ B TE, WK RO A IR EME, 251018 .

12) M (S-19) 5 (S-22) ALIEAMERREEH “ e).e, (e2) ”. MSVL HH TranStmt(e,.e;(e)) = “ext f(ra*) ”, Fof
f=TranExp(e,), €, = (ey,...,ex) Hra =(@ray,...,ra)), A ra, = TranExp(e,,)(1 < r <k), B TranExp (e5)=ra.

(1) (AM{Oempty,ext f(rai,..., ray)}, iy, Siyi)

— (empty, o, is1,i+ 1) EXT2
— (true, 0,1, D,i+2) A s; = Sy TR2

(2) = (AM{Oempty,ext f(rai,...,ray)}, i1, 8iy0)
S (true, 01, @, i+ 2D A - i ~ S0 (1)
(3) © P(e.ex(e;),p, p, out) TER, (2)

FHod, (1) =R s = 51

EIE 3. 8L SOL2M #4688, Solidity FEFF P, 4y MSVL F2/% P,,, -4 P, A1 P, 8 XAy, B4k P, ~ P,,.

BB R Solidity 2% P, Bk, DNRIEX Mk, 25 1H IR, Foit &, Ak, 2% 4. 4i85d SOL2M ¥ #2844
Solidity 27 ¥4y MSVL 87 I, H P, = TranPrgm(P,). ¥ a, = TranExp (e,)(0 <i < k) Mms; = TranStmt
(stmt))(0 < j< k). 2 S sy NFEFFIIBIAEIRES, IRIE @3 | A2 2, WA EM o, MR a - S ~ 50, WBAXTFE
M0<i<k MO<j<ky, Hat e~a fMlar stmt; ~ ms;. Fik, P, N T P, Bl P, ~ P,

#IL 1. 18T SOL2M $:#:8%, Solidity #2/7 P, ##:>h MSVL #2J% P,,, TB4 P, F1 P, IMHAT 45 FOIRAS Z 40

IE A AR 4R E H 3 TN P, FOP, Y, AREE 6 M T4 E M N AEE Na, P, FIP, PATE ILETA
a by~ sy, B P, RP, FIPAT S HOIRSEEA
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4 HBXIIE

B AT, [ A S0 B A A4 AE T SO R AR, 2 Bl T EVM #4515 ST A A T
Solidity #AE S XA

2018 4F, Zakrzewski® "2t T Solidity T4 ML :ALMITE, 45 H T Solidity A% 0o A5 70 1 bR B 1 75 54
TR fe I AT, X Solidity B ATV EE T 318515 X, SR T2 — KBS E L (big-step semantics). $2
BT X T Solidity 1 5 4 A HE R A R — A% 00 G5 K 0 3 A 3L, T B SUTE Coq v AT HRAT 7 50
4.

2019 4F, Yang 25 A MR T —Fi 5 LTE Coq HY i1 Solidity T-4E BB S, #)A Lolisa. B 264 Solidity F2FF
BRI A Lolisa, A8 F 1240 M 28 % 55 B8 & 20 HEAT 2047, 242K Solidity token ¥, AR ¥E Lolisa MEIENE, 163250 4%
ZE B AH L Lolisa token i, 2 J544 Solidity token Jit/E AfFNT#8 S 4L, A U B8 & L0 MIEEM . 285 % Lolisa 1)
token JRAE B VEM 1) token, JHId &R 25 B 2 Lolisa iEIEM, 3% B Lolisa 5 W AE L& 4. sk
Yang %5 \ P38 Lolisa 75 Coq HSEHL T —ANZL IE SUIGAIE ) iR %, FRA FEther, FEther M #5853 T GERM
HEZE[) Lolisa AU sCIEIERANE S, A T & B & 20 5 5 11 UL 2 Il — 20tk FEther & LUK 5 — A #F Coq
RO WAL BORIE M 51 4%, KA S AT S5 mbiB i & BIE AL &, B8 — AL 10 B sh s, Ll B shiei iy
AT FIRAE Coq H I BE A 2.

2020 4, Jiao % NP7y Solidity 7 & T —Fh &5 #1L #:/E 15 X (structural operational semantics, SOS). £
Solidity 287, FIARAIE A K2 F, 5 T K HEZE Peh Solidity 1O ATFAATIE X, BElsia B 75 Solidity X
Y48 & KR 4018 Y. HE S LET Solidity £74# (storage) Al A7 (memory) Vi Al 38 AT F, FE7E K HEZE s3]
T TR IS M AR VR R X, 3R T — ANFTIA PR SHIE . BhAN, L DAO Ui 4 FhAS fR S, B T AR X
Bk AT M, 45 R A A R Solidity 18 SR ATPAAT IR, FF FL AT DIE b rT P AT 38 ORI 218 B8 4 240 o 1 — L8 U
T, A B TR fe & 4R 2 4 Jm 1.

2020 4, Velasco 4 Hi 7 —Fh ] LATE Maude H 2B Solidity 15 . T K538 LA H T Solidity #2415
XX, fE—E R 5% T “Executable operational semantics of Solidity™™", H £15¢74: Solidity K fEARAL, 25 H!
T VEGNEETERN. 25 B — ARG, VB A AT U R ALG 5, 245 BE & 208058 1) X HLBE R 2 40 il — AN it
b, RIS A3 B NP R S 2] o, AR AR N T UEIRZS o TFEA AT, Z JE 45t T U I A BT Solidity 7 fik
(storage) FIAF . FEAE ) AR5 B AN R HOR A A ERIEE .

2021 4, Marmsoler 25 A\ PO H T —ME Isabelle/HOL H AT 44T Solidity 15 3, XA ALIE XN Solidity
AL T 2 B AP I UE P B ALt Vi 57 5 BT R KL Solidity F2JF. 1277728 JaAE Isabelle/HOL H
N Solidity FHEFLAL T ATHAT MR R TEE X, SRGHEH T 3T 15 A BHIHE S, 7T DL 3h36AIE AR B X Bk (1) 1E
I8 3, Hk A Tsabelle (ARG AE g M ITHE H O 304018 SCE B4 B Solidity sR{E 2%, I F Haskell /41K
A s 0 B AR 6, 9 Solidity F2 5 #9  4 B (B TE AN 75 5 BT EREE, JF IR 70 5 B 8 9 A2 AR AL 75 A 461
F I AR E.

2016 4, Luu 25 A B 7 —F T EVM 350 ST TR, BRSBTS AT B RS A1 2 4k
TR AT K. B2AS WT 7 VR A 35 A mT AR AT A & 20 8 M SE B 5E 4 E 31k, Oyente 2% T 58 BE & 2014
PRI S LA B A4, 3248 T RiMLAI EVM 715515 3. Oyente /& 18 Fi] Python #EAT T & 45 5 04T 51 45,
EHFRZH EVM $RAERD, K8 R A 20 7158 I G B b O B, JEBAT AL AT, A Z3 VR AR A ok VP
FLiH M. Oyente SR IN 22 /AN DL BE & 20 % A TR, 028 5 IR AR B IRV RRAR A . S 5 s AN B8N
TR, X HBE IR T 19366 10 7 Be A 291E N SEA, B8IE T Oyente T E B AT AT P, JHtof 4 ff 28 1 ) R 47
T G438, /E A Solidity %2 4= MEIGIE I FFIR T &, Oyente T B30 T PAKYGFF & & B 3 2 4] 52 1 43 Hi s A
FERFIIBE 77, BN HARRE N BB 5E T B SR,
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2017 4, Hildenbrandt 25 A PP H T EVM (55 1 A58 4] $UT (10 1E 3B X, BN KEVM, 2 7E K HEZE BT
HOE S IE ™R AT AT S MR T X HE R G AR B (1) — 2640y, A e CRE LA B AR T IEURAE )
EVM feds, 7 DALE & 3 HAT I (8] Y I 47 52 8 10 LUK i LA, Hadid 7 40689 > EVM & LN
B, BN TR REAE RAFIITERE. 28 EVM 32 118 UL e T A8 0E 7732, 8 T8 K AESFF & 1) Al ik 1418 45
WEBIAR B, 2 AR DA — A K SORT— 4132 48 ] ik 7 A i N SR IGAIE, 3630 3 76 R SE LB L R, H
SIUE B 5 5 AT 25 (8] IR ATk e B SCHR [32] 45 T PSS ) SRR IRAIE, 28 1 AN SERIIRTE T A 4 TP EORHEE
M SEPREE B R M, BRIl RS EVM JEFE 7 M DhREIE M AN gas B 421, 28 2 NS2f LALUKIG S R G 1
TV A F A bR ERC20 AL 3 B BN, I0AIE L IE R0, @it BN SEFIERE T 1% 77 v T 47 1.

2018 4, Grishchenko % A\ PR T —Fh EVM F45 5 1) 58 B /N1 3L (small-step semantics), 1% 18 X AF Luu
2 N BB RS A SE R b, T KB B, AbER T A B AR A, Bl A 20 R A e, R IERE T
BREA AN — Sz g fm b, BN e JE M T TR S STk [34] B3R H 1018 AE F*
PRI AL, FEES R BEBEAT T 04k, I SRR SMT RRZHAT FIIE A A ShE . 78 F*h i A0 ™%
IR TR RANEE X, BZGd P93 OCaml, B 75 UK IR EARIGUE T BT HE H AT T8 3. 18
P e AL A FFRT AL, (23 T EVM 5 IS o T R By vt S AR R TE B,

2018 4, Amani 25 A PIE 59405 14 R T Isabelle/HOL 38 (11 EVM T304k, 1% 7V LAAE S5 M4k 5271
T4 B AR, S TS R gmFEIE = (U0 Solidity), — 77 THI b % =y 4 T 5L IEAf 1 AR, 53— 7 T 2 15 2 DAOK 5 5k
PRgmfeis s, X A B G AR T ZES . Z T EE LY R T Isabelle/HOL & EIEH F 17 EVM JE R
1, W TR ARIESEMSE, HRAH TEENEFZHE, AL NI NRIERNaEEY, 2 ERIET
Isabelle SR, DASZIpfd A& N B )4 OISR 2 1, &5 a AFEE PR Re& 20841, AR T AR EVM 41
5, 48 F prde B R P @ B IGHIE 7 EVM 215 (W Shae IERA P, UE B 1 1% 53k 0 ml AT M A S .

25 FRTR, H A T8 Ge & 2008 WA 7t TARSE F A LUK S 715535 R Solidity i 261 L, STk [31,34,35]
H SRR E EVM 3RETE X, Xy Solidity =i 15 5 HAEE W@ SR T 2 H M H. Solidity /BT LI X
SR Rk 7 ik BB AR SR, SCk [20,21,25-28,30] Xt Solidity 1 7 HIERIETE SGHAT THFFT, o Uik [25-28,30]
R ICIE Solidity 18 5 AT HATIE X, FH MR REIEAE K HESL. Coq X Isabelle/HOL 3 AT i LI X 2 e A 2933t
1T T AEE.

5 RES5RE

N T R A A T 2 A I6AE, 2 BT L/ERET MSVL 5 PPTL X % it & LT AL BRAE 1>, JF
KT SOL2M 44y, SEHL 7% Solidity F2 /7 B2 B A sk, 3 H UMC4M S8 T Solidity f 7] B A JR AT
. Z e e A ) S e N B 2R 45 9673 Solidity 5 MSVL BRI : KB k. A SC B A B e %, s 3L T Kb E
SURMS B Solidity T4 HIERAEIE X, M MSVL Fl Solidity fERAFE1E SCH R, 48 FH 45 K VA 2495 LA K 0 0 VA 449 350F B
P B EVE LIS, B 2UGAE 5 0 Solidity 22 A1 36 T8 LB S8 R, AR TR RM LB & L%
SUGAE S E TG SEA. B AT E SUR RS LR Solidity [ — T4, 3845 1 3 BB EARLE R E X459,
Ul require A%, JEE0G 3 — BT 7% 4. FR, BEE Solidity MIAIENR, 75 EMRIEH B A MR 5451
R, AW 538 AR L ZANMEAIE B AR SO 78 TAE A SOL2M #4528 3R 41 T M I B4 4 1, MR 1E
SCEEM I A BE N3 T MSVL [ R85 20 JE AL BAIE SR T BG JEAl, 48 T % SOL2M ## 38 AT R 2L (AR AL AN
. it —, B Solidity #AEE S5 M EIE I AR 2, 40 5 2 ARAS ) Solidity 1 fe& L1 THE AT, 74
%7V BIEE T HAE S R AR S A RALE.
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