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MKIh - RN AL

EVM (https://learnblockchain.cn/tags/EVM)

REHARER TR LR S, BRUKIERE., KoM EBRZNERGARS. AHIITR
SRNFEZHE. EESNZENERAENME

AR S5 R

DUKYF AL, fEFREVM, FREERMITUUKRYE ERRSH, WS RN TE:

StateTransition
Transaction ——™ Message GasPool
EVM
Context Config .
StateDB StateDB
Interpreter

WMA—ERS, WEREIRA—TMessageX R, EAEVMHIT,
MRB—ELBEWR S, BLEEBK StatedB AN MM REEIF, MREEEEN

(https://learnblockchain.cn/2018/01/04/understanding-smart-contracts/)ReliEs & AR, N&E

JEVMARRB RS BN HIITFTE, BITIERAEESE R EEriStateDB,

EE;HE (Intrinsic Gas)

BERGIRK, FTE=ZtZ+—EFEWE—E2ETEHE, tEAEUNT:
Payoad | O | 8 | O

b4
+ O OEE = o
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MR ZAHRINGE (Payload) , tbilE@FEMK, ABATEUEN210000I AP,

MR R ZHEFRINGIE, B2XBAHIEELEFTERZERN, BEFRRRRERFHWEE: FTA0
FI4IR, FTARA0KE8ER, FTURSEBEIRZMENMNAN, B2/ D EIEF R A0NFT
#E, MMEEHZEgas (https:/learnblockchain.cn/2019/06/11/gas-mean/)iE %o

4K Contracts

RS EWEHRR —TMessageX T R{EANEVM, MEVMII&IRIEMessage Bi— > Contract¥F & Y
BEEMIT:

Message Contract
From() : - caller A
/ CodeAddr .
to > self
Code - StateDB

amount |——1—» value
CodeHash |

data . > Input

Block GasLimit ——1—# Gas S i
ZE NG

A IUXEE, ContractfRIEBE LML, M StateDB FMEXNNAARIE, FEELAILUENERESR
MITT o

BN, PUTALEBEHRIREE— LR, HETARENS MRKREBEMIO casLinit o
ENRRERRT

KIBEEANEE T, MALUENBERRNIT T . EVMEETHRELW], mReSsTHEERENKEA
1

PC: E{FCPURHPCHEFSR, ERYURIHMITHIES
Stack: HiTHtR, (IFE256 bits, RAFREN1024
Memory: HNEZIE

Gas: SHZEM, FEXEHRTIMRZHMITEK
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Contract

Bﬂp

EVM Interpreter
Stack Memory

PC

BABBENTHRES L TE:

Contract
Stack
"

‘ \ — |
Gas | =
=83
PC »
X :
5\
A"
Memory
OpCode ile—
-
JumpTable
operation “]
——p»-|  Operation
operation E T
[ StateDB
) - e
. s E=SIFL
\"-..-_-‘j_

EVMBERIELCIRA—10pCode, 5A—1FT, FIUESCERZ A EE256, EFEASN:
https://ethervm.io (https://ethervm.io) » LA TEIFLZE— 1A (PUSH1=0x60,
MSTORE=0x52) :

PUSH1 0x60 PUSH1 0x40 MSTORE I:D 60 60 60 40 52
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BAPCEMNEARIBAEE—10pCode, AFMN—NJumpTableF &R X N operation, 7
MESHBEXBNREES, ETRIUTEXRERTEEEIHE, NRBARELVHMITRE, &
[BlErrOutOfGasitiz. MNEM#FEITE, NiEHexecute(iTiZiE<, RIBESHENTRE, £05!
¥fStack. Memorys{#& StateDB#H T2 5 #1F,

BB LIREL

BIEZMT5E TEVMERRITNEERE, URFERZESD: BAEVMEATERZBERNZ
BRI ERETR? A2, AIHREESIRE—EEIBRERENEE —Mnput, MXD
InputBHE R HR Z TR,

4-byte signature arguments
. o W
- i )
Input
‘ CALLDATALOAD
Stack
Source Bytecode l
contract A { .
int256 sum; func selection q—|
function add(int256 x) public { £
SUM 4= X: e c
} o
function sub(int256 x) public { ® -
SUM -= X; L

P o . .

INpUtSIEIE 3 5 P 853

o BIEHANFTIHFRA“4-byte signature”, BENMREE L HIKeccaklGAENFIANFT, EA
ZERBIE—IRR,  (ATIUTEZMILE 8 BRI R
(https://www.4byte.directory))

o EHIRMNHMESEAZREFTERHNSHT, KETE,
ENEIF: REMETAGAE, HAadd()XRNInputiiE=E

1 0x87db03b70000000000000000000000000000000000000000000000000000000000000001

MAERNREFEESHANNE, KEFHSEDEERNFT TTHENRBTEEIN—RERBOEFREE:
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B 558 CALLDATALOAD 159 “4-byte signature” EAMER A, ARERRIRIZEAHE SR EH

VRS - RN e HY BRI | B8 A X 1 PR et IX e A

fTHEX, WNRISECNAAJUMPIFE S BE N Z R AR EE 1T,

ZLAHAEAE RER, HNAIUE—F RPN NNRCHR BB —B TR T:

FUNCTIONHASHES Iy ©

{

"87db03b7":
"fa3bdé6c5":

ontract A {\n

"add(int256)",
"sub(int256)"

int256 sum;

PUSH 0 contract A {\n int256 sum;
CALLDATALOAD contract A {\n int256 sum;
DIV contract A {\n int256 sum;
AND contract A {\n int256 sum;

PUSH 87DB03B7

DUP2

EQ

PUSH [tag] 2

JUMPI

DUP1

PUSH FA3BDECS5

EQ

PUSH [tag] 3

JUMPI

XEI1ZE]T CALLDATALOAD , FLI{EH—TEIBIMEFEXNIES, —HHF4F:

https://learnblockchain.cn/2019/04/09/easy-evm/

contract

contract A {\n

contract A {\n

contract

contract A {\n

contract A {\n

contract

contract A {\n

contract

contract A {\n

CALLDATALOAD: EHAEIEINE ZStackH
CALLDATACOPY: EBHIAZIEINE EIMemory
CODECOPY: iEXEI&EARIEE I EIMemoryH
EXTCODECOPY: #BMBELIHRIEHE I EIMemoryH

A {\n int256
int256 sum;
int256 sum;

A {\n int256

int256

sum;

int256 sum;

A {\n int256
int256 sum;
A {\n int256

int256 sum;

sum;

sum;

sum;

sum;

load input
(func hash)

Is add()?

is sub()?
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Rig— PNEXTCODECOPYARKEBRH, —REN THITE=ZAGYINFTHEEERTEIE, HBHEN
gas— iR BLL IR %, XLEIES XM AYIREAI TEIFT T :

mput [T 1] | ,
I
CALLDATALOAD CALLDATACOPY :
I
I
Stack Memory I
L] '] :
I External
Contract | Contract
I
I f
I
| |
- t
> | EXTCODECOPY
CODECOPY | L BEE
I

SRS

BHRNBERBHN—TEL, B4HEASTR:

* CALL

» CALLCODE

* DELEGATECALL
o STATICALL

FESLZNERXELRENNRE, XBLEUKEBLHWCALLAS, BAMEN TERFR:
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Contract CALL Contract

|allsd sl sl sd e el adied ool el el il de il o il o il al o il 2 o | (At st st et eal eal ot el eal Fal el eat Eal mal ol Fal Eal ol Eal E ek et et |
| |
I Stack Memory : I Stack Memory :
| addr ! : offset — I
| f |
: value i : size |
| inOffset I i |
I inSize — : | :
: retOffset — | : |
| retSize — | | |
| |
| 1] e | =i |
| |
| |
| | |
| |

— o o o e ] — e ]

RETURN
AIEE, BRELEBSEEHEEATS, REMITCALLIES.
CALLEE<HITINSRIZFMAIContracti R, HLURNEFFHIBERESHIEA Hinput,
BB NTELIRNPITRIZIRY Stack 1 Memory , MMASBIFREELNNMITINER,
MEAONITERE, BIRETURNIEIEHITEREAZRRENAFL, RARRGAO%EMEE
MTo

BIESLY

RIEE TN GLOEA, BAtEELRREN SEAFRIE?
MRE—ERZ Mo, NRAEZRSZATOIREEGLIR.

BHAESEQESAMI, XBATEMNTEAR: Keccak(RLP(call_addr, nonce))[:12] » L2
W, MNRHEEANMLInonce#TRLPZRIE, BEHKeccaklcmE, BUE20MNFHEAIZEN
R,

T— MR IESAHU IR N stateObject , REFEHBRZHESHENRB, ZEAW
FTERESTHNSHFMEE— storage trie A, TRELL Key-Value WX FiEZEIStateDBH, 15
—LZXFENTTANE, M storage trie FRIRABNZ AT LGB ARG LHITEAN, tbilEe
SSTORE#E<,
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| | [ |
-~ KR~ 15580

caller addr + nonce
[12:]

stateObject
Contract Address ® address

- code -
to: nil data --f trie -
Transaction Account
MNonce
Balance
Root
CodeHas.. <&ishit—

HEFEITE
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REPE—THENTE, TELARER LEERRIBEUXIFER B (http://gavwood.com/paper.pdf)

FHITE Mo
(220)
[ Casronslo, i5) if w=SSTORE
o i if w=EXPApJl]=0
Gerp + Gezppyte X (1 + |logase(pt[1])]) if w=EXPAp1] >0
Grerylow + Geopy % [114[2] = 32] if w = CALLDATACOPY V CODECOPY
Gexteode + Geopy X [18,[3] + 32] if w=EXTCODECOPY
Glog + Glogdata % Hg[1] if w=LOGo
Glog + Glogdata X pg[1] + Glogtopic if w=LOGI
Glog + Giogdata X Hg[l] + 2Gragtopic if w=LOG2
Glog + Giogdata X pg[l] + 3Glogtopic if w=LOG3
Glog + Giogdata X pg[1] + 4Giogtopic if w=LOG4
Baxrilor i) if w= CALLV CALLCODE V DELEGATECALL
Covreme (o, i) if w = SUICIDE
C(e, 5, I) = Conem (1) —Comem ()4 Cereats if w = CREATE
Gihas + Gshazword[8[1] + 32] if w = SHA3
Gjumpdest if w= JUMPDEST
Gstoad if w=SLOAD
(&, if we W,,
Gha if we W,
Guarylon if we€ Weerglou
Gilow if we€ Wi
Gt if we W,
Ghigh if we€ Whign
, SRR if we Weyp
Chiataon if w=BALANCE
\(.'a,.'..,u.f, sh if w=BLOCKHASH
(221) w= { h)[“"‘ | if My < (o
STOP  otherwise
where:
(222) Cem(a) = Griemory - a + l%J

with Cearr, Csurcmne and Cssrore as specified in the appropriate section below. We define the following subsets of
instructions:

Wiere = {STOP, RETURN}

Whase = {ADDRESS, ORIGIN, CALLER, CALLVALUE, CALLDATASIZE, CODESIZE, GASPRICE, COINBASE,
TIMESTAMP, NUMBER, DIFFICULTY, GASLIMIT, POP, PC, MSIZE, GAS}

Wierytow = {ADD, SUB, NOT, LT, GT, SLT, SGT, EQ, ISZERO, AND, OR, XOR, BYTE, CALLDATALOAD,
MLOAD, MSTORE, MSTORES, PUSH*, DUP*, SWAP*}

Wiew = {MUL, DIV, SDIV, MOD, SMOD, SIGNEXTEND}

Wimia = {ADDMOD, MULMOD, JUMP}

Wion = {JUMPI}

Weztcode = {EXTCODESIZE}

L RIREI B B #Eread the fucking code, {IB{IFcore/vm/gas.gofllcore/vm/gas_table.goH,
SLANEMIERAA I

EFRBENmMBR, HNAURE—INERESNPMAENIIRE, MAXFEARNTF2IEE,
—fRERT, BINSIERERINENPIFTENEREESNF, ARRMEEOERER.

£ solidity Ff, MIRRABATHRIBER, BISIEAHKABMER, BEEI—Nibraryh, FHE
AT LURIARCEE. JavaE—1EER T, Elibrary P R AAIFE X EfAlstorageX BT E, XpE
rElibrary RN E YIRS, MRFEBUENRE, RIMNFTEXLZ—IFNEY, XKk
HELNEBEYNE
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BYEAENE TE4MAR:

* CALL

* CALLCODE

* DELEGATECALL
e STATICCALL

VRS - RN e HY BRI | B8 A X 1 PR et IX e A

CALL vs. CALLCODE

CALLAICALLCODERIX AT : RIEHITH L TOMERE,

BRI, CALLEKMZ#iEAEWstorage, MCALLCODERXKIIZIEA®&Estorage,

transaction
5 —»

Contract A

transaction
S —

Contract A

BB N EARIE— T AR

https://learnblockchain.cn/2019/04/09/easy-evm/

CALL

 ———

CALLCODE

D

X+

Contract B

¥x:1

Contract B

10/16



2022/2/11 F4-12:16 PIKRYG - RN H AL | B Ak X | IR ON 72 HE X B A

1 pragma solidity "0.4.25;

2

3 contract A {

4 int public x;

5

6 function inc_call(address _contractAddress) public {

7 _contractAddress.call(bytes4(keccak256("inc()")));

8 }

9 function inc_callcode(address _contractAddress) public {
10 _contractAddress.callcode(bytes4(keccak256("inc()")));
11 }

12 }

13

14  contract B {

15 int public x;

16

17 function inc() public {
18 X++;

19 }

20 }

BAVERBB—T inc_call() , REEHESNATIBHAXNEGTAZTL:

¥ @ o0 [2] enly remix transactions, script = Q Deployed Contracts -]
transact to A.inc_call pending ...
= = - A at Ox0d2...d4a2d (memary) ® o ox
|vn] from:;0xcal...a73dc torh.inc call(address) 0x0d2...déaZd value:0 wei data;Oxa%4...e730d Debug - e Aall 0xe1b7385510c224608221072622000c7400ee7
logs:0 hash:0xfad...13£71 . aod
Inc_calicode v
call to A.x x
0z int256: 0
{3 [osll] from:OxcadSb7d915458ef540ade606Bdie2f44eBEaTiic totA.x() datasOx0cs. . .5699¢ Debug W
- B at Oxelb...e730d (memory) | &1 x
call to Bix
inc
G leall] from:0xcadSb7a915458ef540ade606Bdfe2f44e8fa733c toiB.x() datas0x0cs. ..5699c Debug | W x
- I 0z int256: 1
LRI, BABHRIXRIERT, MELAFRXEEFT
AR, B2IBHRIXFIER T, SNAFRIxIEFTO0,
AWAS N S s D
[+ —_— : .
FEATBREARA—T inc_callcode() izid:
¥ @ 0 [2] only remix transactions, script ~ Q Deployed Contracts o
transact to A.inc_callcode pending ...
- A at Ox0d2...d4a2d (memory) " ox
[vm] from:0xcal...aT733c to:A.inc_callcode(address) 0x0d2...d4aZd value:0 wei — inc_call 4
data:0x781...e730d logs:0 hash:0xe%3...03c75
e sebcate g;ed-.wzasmoczzusaa;zmrzszznomunne: G
call to A.x ¥
@ cull] from:0xcal5bid9l5458ef540adet06Bdfe2f4d4edfaTiic tosA.x() data1dxlc5...569%c Dobug w -
- B at Oxe1b..e730d (memory) P x
call to B.x
nc
@ {eall I5b7d915458e£540 dfe2f24e8fa7iic to:B.x() data:0x0c5...569%¢c Debug v X
b 0: int256: 1

A, XREXNZENATX, GABFHIXRIAE,

CALLCODE vs. DELEGATECALL
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SRR b, AIBUANDELEGATECALLZCALLCODEM— M bugfixhikA, B A BER RN EINER
CALLCODET ,

CALLCODE#IDELEGATECALLMIXAITETF: msg.sender [E,

B{&Fi%, DELEGATECALLE—EFERRAIERERNMLE, MCALLCODERS,

msg.sender = A
msg.sender=5 g

transaction CALLCODE
S ——» | Contract A C———)> | ContractB

msg.sender = S

msg.sender=5

S = | Contract A ——Y Contract B

L
=

BAE RS — BRI IR TR

1 pragma solidity "0.4.25;

2

3 contract A {

4 int public x;

5

6 function inc_callcode(address _contractAddress) public {

7 _contractAddress.callcode(bytes4(keccak256("inc()")));

8 }

9 function inc_delegatecall(address _contractAddress) public {
10 _contractAddress.delegatecall(bytes4(keccak256("inc()")));
11 b
12}

13

14 contract B {

15 int public x;

16

17 event senderAddr(address);

18 function inc() public {

19 X++;

20 emit senderAddr(msg.sender);
21 b

22 }
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BATE ScAA—Tinc_callcode(), MZE—Tloghit:

VRS - RN e HY BRI | B8 A X 1 PR et IX e A

¥ @ o0 [2] only remix transactions, script ~ Q Deployed Contracts ]
cb” =
B
- A at 0xd04,..17 110 (memory) 0 x
decoded cutput 0
Llogs T inc.calicode  Dx1172142182c64767tadat2d750093b213c42c) ~
{
“from™: " 144d28e3a TRTSILTILO", inc_delegatecall W
“topic®: "Oxe53641
Balf0felddD4TES",
“avent”: "sendarhddr",
sk B at 0x117...c42ch (memory) Pox
0" [ OxD04a9B831144d2BEIAIECIeBChIOLICTITEILTLIIO", l g
“lemgth s 1
3 inc
¥ L
R x i
wvalue 0 wel
] Uk BEELIARY MIFR 5 KEER
A BRI, msg.senderig@&AARHILLE, R CE R,
N N N . A
£ —_— - .
A 1B EE— Tinc_delegatecall), ME—Tloghit:
Al Address
£rom <[ Oxc
to A.ine_dal 1 T9763£7080 By
Transactions recorded: 2 ~
gas INCO000 gas
transaction cost 30366 gas B Deployed Contracts -]
sERCUtion coRt 1686 gas WY
hask 344073 307357237 Iy A at 0xd04,..7110 (memary) nox
aper s inc_calicode w
decoded input {
“address _ Io213c4 inc_delegatecall  Dx1172142162c8076 7 fadat2Id750093b213c42e
ab®
i o
docoded output i
B at 0x117...c42ch {memory) nox
logs 1
t .
“from": "Oxd04a%b31144d20elalic ch99b9cTITEILTIED" e
*eople™i mOxeSIBN1cLea4ILETE
Balf0faTdd0qv65", x
“event": “senderaddr*,
“args”y {
gty [-nmm w.--’]

“length®s 1
3

A A, msg.sendertiE@MERZHIKIEE,

STATICCALL

STATICCALLEX B UFHE BT 2%k, EABEBISolidityhFH%E —Mow level APIF] L B
BEE, UXEiHRIERESRZSEEEITEBviewilpureZE B R 4R 1Z B STATICCALLIES .

View KB WM RAERNEBRREEE, MpureXRRIREHNEM™E, EZERSEEH AL
o

BRIRERENERREX—2MN, NRANFTENENSHNRFE IR NREFER
STATICCALLIES, MU EEGTIHMERFIEX—R T, RAUESFEI—TMHITEKBIR
5o

TEARZIE, B AEEESTATICCALLAYSE I LASIE ;
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1c (in xInterpreter) enforceRestrictions(op OpCode, operation operation, stack *Stack)
if in.evm.chainRules.IsByzantium {
if in.readOnly {

if operation.writes || (op == CALL && stack.Back(2).BitLen() > @) {
return errWriteProtection

v R 21855

AMES, BRESLINT —MreadOnlyEME, STATICCALLRIEZEMEE Atrue, MR HIVRSE
SENERME, N=RE—errWriteProtectionfiiR,

B2 UK (https://learnblockchain.cn/2017/11/20/whatiseth/) B2 U4 B S 047 DAK S5 LIRS
%, BRUKRBRES. RGP ZERZTNEEEIRG. EMITRENEEXTHDE, S
BAZENERAEEMA .

fEZ& Star Li, 2SS EME (https://mp.weixin.qg.com/mp/profile_ext?
action=home&__biz=MzU5MzMxNTk2Nw==8&scene=124#wechat_redirect) BER ZREIEHREX
B, WBKRKE,

RNEHXREE (https:/learnblockchain.cn/) - REIF S XIREE, FRRGIAEXE, FTERIFH
XRFERAEER,

@ EETF 2019-04-09 20:53 [#EE (20817 ) =49 (40)
P BAKYS (https://learnblockchain.cn/categories/ethereum)

10 W

L IBAREVM (https://learnblockchain.cn/article/3510) 207 %%
RIE2022F K% E (https://learnblockchain.cn/article/3406) 125 3%
zk-rollup #ZFh%: zkSync vs. StarkWare (https://learnblockchain.cn/article/3291) 574 %%

Foresight Ventures: AKIFERESARIXNF TArweave SEE4FT
(https://learnblockchain.cn/article/3293) 385 'R

RN EVM 101 (https://learnblockchain.cn/article/3227) 440 3%
IEAKIB R AR E: EVM FHRIMEN A (https://learnblockchain.cn/article/3175) 437 J%%

RS LR
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VRS - RN e HY BRI | B8 A X 1 PR et IX e A

evmiBx[a)f (https://learnblockchain.cn/question/2886) 1 E1&

2 KT

o

(https://learnblockchain.cn/people/3276)

(https://learnblockchain.cn/people/3206)

bxex (https://learnblockchain.cn/people/3276)

EERBETE, ROEBRGLERE, BEH—T. HiAXN210004
gasEihgasHiE BB Eoas, AEREXSTHREITEIITEE,
M21000 2 EHIR SR B gas Al T, FlRgasBEARERSE,
TR 2 9210008 L SEFFgasibiE,

2021-05-22 16:05 &0

B3k K (https://learnblockchain.cn/people/3206)

RIERLF, BAEMNEIKRS, FOFTURERZE16, HfEganache b
Mitey, FERIESHLER—1F, AJUARRE—TI3

2021-12-31 11:36 &0

1B5 BF (https://learnblockchain.cn/login) [FiFi8

(https://learnblockchain.cn/people/28)

https://learnblockchain.cn/2019/04/09/easy-evm/

Star Li (https://learnblockchain.cn/people/28)
70 BXE, 4732 %5

15/16


https://learnblockchain.cn/people/3276
https://learnblockchain.cn/people/3276
https://learnblockchain.cn/people/3206
https://learnblockchain.cn/people/3206
https://learnblockchain.cn/question/2886
https://learnblockchain.cn/login
https://learnblockchain.cn/people/28
https://learnblockchain.cn/people/28

2022/2/11 F4-12:16 IR - SRR H AL B A4 X | BRN H IX e R

©2022 FHE#1X (https://learnblockchain.cn) AR#XFFE | Powered By Tipask3.5 (http://www.tipask.com) | Ufit
1t (https://www.cnzz.com/stat/website.php?web_id=1265946080)
B\WMZHE 440491024966175 (http://www.beian.gov.cn) BICP#&171405145 (http://beian.miit.gov.cn)

https://learnblockchain.cn/2019/04/09/easy-evm/ 16/16


https://learnblockchain.cn/
http://www.tipask.com/
https://www.cnzz.com/stat/website.php?web_id=1265946080
http://www.beian.gov.cn/
http://beian.miit.gov.cn/

