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UTo Takoe Solidity?

Solidity - 5TO 06 BbEeKTHO-OPUEHTUPOBAHHbIN A3blK MPOrpaMMmMpoBaHMNG 0149
HaMMCcaHMA CMaPT-KOHTPAKTOB Ha B1oKYeMHaX, TaKMX KaK, Hanbonee n3BeCcTHbIN,
Ethereum. Mo cBoen cyTtm Solidity - 3TO 93blK MPOrPaMMmMPoOBaAHMSA, HA KOTOPbIN

OoKa3asl cufibHoe BnuaHue JavaScript, Python n C++. Solidity opmeHT1poBaH Ha
BUPTYalbHYO MalwmHy Ethereum (EVM).
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[TpomncxoxxgeHume solidity

Butanmk bytepuH, oonH M3 NepBblX CTOPOHHMKOB BUTKOUHA, BNepBble
npennoXmn co3aaTtb APYyrov NpoOTOKON A9 BblNoSIHEHWA bonee
CITOXXHbIX CMAPT-KOHTPAKTOB, YEM TOT, KOTOPbIN MCMOIb3YyEeTCAa B CETU
ButkonH. CTpyKTypa BUTKoOMHa NpocTa, U He 3p4a - OH Obl/1 CO30aH B
MnepBYyO odepenb And Toro, Ytobbl ObiTb HAAEXHbIMU AeHbraMmm. OgHaKo
0719 npoBegeHma 6onee CNoXKHbIX TPaH3aKL MM, HE TPeOYOLLMX
NPUCYTCTBUA MOoCpeaHWMKa ONnga Ux noareBepyxxaeHmda, bytepuH
npennoXxun nogeto Ethereum - cNoXXHOM CUCTEMbI CMAPT-KOHTPAKTOB,

B3aMMOOENCTBYOLWMX OPYr C OPYroMm.
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[ToHMMaHWMe Ethereum u Solidity

Ethereum ocHoBaH Ha OBLLNPHOM NCTOPUKM CaMOOTBEPXKEHHOM PabOTbl M3BECTHbIX
KpUnNTorpadoB, MAaTEMATUKOB M KOMIMbIOTEPHbIX y4eHblX. Bonee Toro, oH oébeamHaeT
MHOYKeCTBO KOHLEeNnuuMim, HauymHasa oT geueHTpanmsaumm, HEM3IMEeHAEMOCTU,
COCTOAHUMN, CETEN, TEOPUUM UTP U TaK danee. TakyKe BaXKHO YMOMUHYTb O MaLLUMHaXx
COCTOAHUM. Ha NyTU K paclndpoBKe TOro, Kak mayyaTtb Solidity, Bbl CTOIKHETECb C
TaKUMU TEPMUHAMM, KaK MOJSIHOTA MO TbIOPUHTY 1 MaLLUUHbI TbIOPUHTra.
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| loNHOTa NO [ bIOPUHTY

CaM TepMUH "nosHoTa TbropUHra" HaMmekKaeT Ha
NPOUNCXOXOEHME KOHLENMUMM MallMHbI TbtopUMHIa. Kak Bbl
y>Ke Ooragasnimcb, K STOMY MMeN OTHOLLEHME nereHgapHbIn
AnaH TbropumHr. B cBoen pabdoTe 1936 roga "O BbIYUNCITNMDbIX
Yymncnax, c NPUNoXXeHmeM K npodbnemMme SHTWeNOyHra"
TblOPUWHI NpencTaBui cebe MallMHy, CMOCOOHYIO peLlaTb
ntoodble 3a4a4un, KOTopble cnocobeH peLllaTb YesioBeK.

CnucTteMa npaBumil MaHUNMYNMMPOBAHMA OaHHbIMU CUUTAETCH
MOSTHOW MO ThbOPUHTY, ECTM OHA MOXXET MUMUTUPOBATL
MalWKWHY TblopumHra. oea noNHOThbl TbOPUMHIa
npeflecrtBoBalla COBpeMeHHbIM KOMMbOTEPAM U
MNoAaBMIaChb 40 N30bpeTeHma onepaTBHOM MaMaTW.
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Fthereum n EVM

Ethereum BbIXOOWT 3a PaMKM MPOBEPKU N XPaHEHMA OaHHbIX B pacnpeneneHHbIX
Oyxrantepckmx kHmrax. C momMoLlbio Ethereum MOXXHO OCYLLECTBNATb MHOXECTBO
Pa3/IMYHbIX TPAH3aKL MM N BbICOKOYPOBHEBbIX PYHKLUNMN, NCMNOSIb3ya HECKO/bKO BaltOT
MM TOKeHOB (BK/todada Bitcoin) B paMkax BCcen ceTU. 3Ta CETb rapaHTUPYET, UTO KoL
BbIMOJIHAETCH 3KBMBANIEHTHO, @ PEe3Y/1bTUPYIOLLME COCTOAHMA 3aMMUCbIBAOTCA U
MoOTBEPXKOATCHA NMOCPeaCcTBOM KOHCEHCYCa.

EVM - 3TO BUPTYaNbHbIN CTEK, BCTPOEHHbIN B KaXXAbl MOJTHOCTbIO YHACTBYOLLIMIN Y3€En
ceTun, nnum ysen Ethereum, KOTopbIM BbIMONHAET 6anMTKOO KOHTpaKTa. EVM aBnaeTtcqa
MOSTHOM CUCTEMOM TbIOPUHIa, YTO O3HAYAET, YTO OH MOXKET BbIMONHATb Ntobble
normyeckme gencTBmgd, CBA3aHHbIE C BblMUCNTENbHBbIMU GYHKLUUAMMN.
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Ponb Solidity B EVM

Solidity - 3To BbICOKOYPOBHEBbIN A3bIK MPOrPaMMmMUPOBaAHUSA, KOTOPbIM COBMECTUM C TEM,

KaK o4AM BblpaXkatoT MHCTPYKL MK - UCMOoNb3ysa LUmndpbl 1 OYKBbl BMECTO ABONYHOIO Koda.
Ecnv paHHME MalnHbl TbOpUHIa 6bi/i OCHOBaHbI Ha BBOAE eAMHUL, U HYyNnen, To Solidity

n36aBAsgeT OT TAaKOM CITOXXHOCTU 1 N'YMaHU3UPYeET NpoLecc BBoAa C MOMOLLbio bonee
OPY>XeCTBEHHOIro Koga, KOTOPbIM BO MHOIOM MOXOXX Ha JavaScript.

CMapT-KOHTpaKThl Solidity npegctaBnatoT cobom MHCTPYKLUUUN, KOTOPbIE 3aTEM
KoMnunmpytoTca B 6amtkon EVM. Y3nbl B ceTn Ethereum, Kak y>ke ynoMMnHanocs,
3anycKatoT ak3eMnngapbl EVM, KoTopble MO3BOMAKT MM OOrOBOPUTBLCHA O BbIMOTHEHUIN

OLHOIO M TOro YXe Habopa MHCTPYKLUN. /v\
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IcTopumga Solidity

Brepsble Solidity 6bina npegnoxxeHa gokKTopoM MBMHOM Byaowm,
MepPBbIM TEXHUYECKUMM OMNpPeKTOpoM Ethereum, B 2014 rogy v
gopaboTtaHa KpnctmaHoM PamTBMCCHEPOM, KOTOPbIM BO3r1aBUJI
KOMaHAOy pa3paboTymMKoB 019 ee npoaBmxeHnda. Ee ocHoBHagd
KOMaHOa 00 cerogHsaLWHero oHa cnoHcmpyeTca Ethereum
Foundation, a Tak)Ke MMeeT LUMPOKOE COObLLLECTBO CTOPOHHUKOB
M OJIMHHBIN CMTMCOK YYaCTHMKOB, KOTOPbIE MPOOO/MKAOT MOMOraTh
B €e pa3BUTUUN NYTEM KOMMUTOB, NMogadm coodbLeHmm ob
OLLUMNOBKaX N aKTUBHOIO pelueHmda npobnem Ha Github n 3a ero
npenenamMum.

Ero nepBon nybnam4yHo Ha3BaHHOM Bepcuen bbina v0.1.0. C Tex
MOopP OHa NpeTepnesia MHOXXECTBO YYyYLUEHUN N nTepauunmn.

Christian Reitwiessner
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Solidity - nepBblM KOHTPAKTHO-
OPUNEHTUNPOBAHHbIN A3bIK

KOHTPAaKTHO-OPUMEHTMPOBAHHbIN 93blK OT/IMYAETCHA OT TaKUX B OCHOBHOM OOBbEKTHO-
OPUNEHTUPOBAHHbIX A3bIKOB, Kak Java n C++, TeM, UTO aKLUEHT B HEM OEeNaeTcyd Ha
KOHTPaKTax M PyHKUUMNAGX. Solidity TUNmU3mpoBaH cTaTnyeckn. OH TakyXe nogaepXXmBaeT
OMONNOTEKU, HAcCNeaoBaHUe N apyrme onpeaensaemMblie nonb3oBaTeneM PyHKLNN,
KOTOpPble, KaK MpaBuio, bonee crioXxXHble. A3biK KOMOUIMPYET BCE MHCTPYKLMN B
necoyHuLy 6amTkoaa, YTobbl 3TN MHCTRYKUMKM MO OblTb MPOYMNTAHbI U
MHTEPMPETUPOBAHbI B CETU Ethereum.
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[TpMMep MPOCTOro CMapT-KOHTPAaKTa

// SPDX-License-Identifier: MIT

uint public count; // aBngeTcs Al e s FRAECin S

rnepeMeHHbIM COCTOAHMEM N XPaHUTCH contract Counter {
o uint public count;
B bfilok4yenHe

// Function to get the current count
function get() public view returns (uint) {

DOyHKUMM inc() n dec(); // nametatoT return count;

v }
COCTOAHME count, Ka>XObl1 Bbl3OB

PYHKUMKM TpebyeT rasa

// Function to increment count by 1
function inc() public {
count += 1;

}
PacyeT rasa:;

https://www.evm.codes/

// Function to decrement count by 1

function dec() public {
// This function will fail if count = 0

count —= 1;
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[lepeMeHHble

B Solidity cywectByeT 3 TMMa // SPDX-License-Identifier: MIT
NnepeMeHHbIX: pragma solidity 70.8.17;

contract Variables {

// State variables are stored on the blockchain.
06bABMEHbl BHYTPU GYHKLUN string public text = "Hello";

He XpaHATCca B 6/1oKk4YenHe uint public num = 123;

J1IOKaJlbHbI€

function doSomething() public {

// Local variables are not saved to the blockchailn.
it I =430 ;

COCTOAHMS
o06baBNEHHbIE BHE DYHKLUNU
XpaHUTCA B 6noK4YenHe

// Here are some global variables

rno6anbHble (MpegocTaBnaeT uint timestamp = block.timestamp; // Current block timestamp

MHbOPMaLMIO O BIOKUYEMHE) address sender = msg.sender; // address of the caller
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[ a3

CKOJTIbKO 3dpUpa BaM HYXXHO 3ansaTUTb 3a TPaH3aKLUNI0?
Bbl naTuTe 3a NoTpayYeHHbIN ra3 * CTOMMOCTb ra3a Kosim4ecTtBo 3pumpa, rae

a3 - eanHnua BblHNCITIEHUNA

I'IOTpaL-IeHHbIPI ras - obLiee Kom4yecTBoO ra3a, NCrnoJib3oBaHHOIO B TPaH3aKUNA
LleHa Na3a - CKOJ1IbKO 3¢Mpa Bbl TOTOBbI 3aliJ1aTUTb 3a Na3.

TpaH3aKuunun c 6onee BbICOKOM LLEeHOM ra3a nMetT 6oiee BbICOKUM MPUOPUTET HA BKITOYEHUE
B 6/10K.

HeunspacxonoBaHHbIM ra3 6ygeT BO3BpaLLEH. Q

ETH

_ N
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JIMMWT rasa

CyLLI,eCTByeT 2 BEPXHUNE TPaHWNUDbI KOJTUHECTBA Na3a, KOTOPOE Bbl MOXeTe NMoOoTPpaTUuTb
JTIMMWT Na3a (MaKCMMaﬂbHOe KOJTIMHEeCTBO Na3a, KOTopoOoe Bbl TOTOBbI NMOTPATUTb Ha TPaH3aKLUUNIO,

yCTaHaBIMBaeTCAa BaMu)
NNMUT rasa B 6/1oke (MakcmMManbHOe KOJIMYECTBO rasa, paspelleHHoe B 6/10Ke, yCTaHaBNIMBaAETCS

cCeTblo)
// SPDX-License-Identifier: MIT
pragma solidity *0.8.17,;

contract Gas {
uint public 1 = @;

// Using up all of the gas that you send causes your transaction to fail.
// State changes are undone.
// Gas spent are not refunded.
function forever() public {

// Here we run a loop until all of the gas are spent

// and the transaction fails

while (true) {

1+= 1;

}
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Center




Mapping

Map co30atoTCAa C MOMOLLLbIO // SPDX-License-Identifier: MIT
. _ pragma solidity 70.8.17,
CUHTaKCcMca mapping(keyType =>

valueType). contract Mapping {
// Mapping from address to uint

mapping(address => uint) public myMap;

KeyType MoXXeT b6bITb t0ObIM
o function get(address _addr) public view returns (uint) {
BCTpOGHHbWATMﬂCW43HaquMﬂ,6aMTOM, .
// Mapping always returns a value.

CTpOKOl;I M NtobbIM KOHTPaKTOM. // If the value was never set, it will return the default value.
return myMap[_addr];

¥
valueType MoxeT ObITb Tt0ObIM TUMOM,
function set(address _addr, uint _i) public {

BRJTIOHaA Apyroe OTO6pa)KeHl/Ie A // Update the value at this address
MaCCUB. myMap[_addr] = _i;
}

Mapping He aBNFTCA NTEPUPYEMbBIMMU. function remove(address _addr) public {
// Reset the value to the default value.

delete myMap[_addr];

i Blockchain }
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Nested Mapping

contract NestedMapping {
// Nested mapping (mapping from address to another mapping)
mapping(address => mapping(uint => bool)) public nested;

function get(address _addrl, uint _i) public view returns (bool) {
// You can get values from a nested mapping
// even when 1t 1s not 1nitialized
return nested[_addri1][_il;

function set(address _addrl, uint _i, bool _boo) public {
nested[_addrl] [_i] = _boo;
b

function remove(address _addrl, uint _i) public {
delete nested[_addrl]l[_il;
b
s
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Array (MaccwuB) 1

// SPDX-License-Identifier: MIT
pragma solidity "0.8.17;

contract Array {
// Several ways to initialize an array
uint[] public arr;
Uint I publicSarr2s="[1.52 = 3]+
// Fixed sized array, all elements initialize to 0
uint[10] public myFixedSizeArr;

function get(uint i) public view returns (uint) {
return arr[i]:

;

// Solidity can return the entire array.

// But this function should be avoided for

// arrays that can grow indefinitely in length.

function getArr() public view returns (uint[] memory) {
return arr:

by

function push(uint i) public {
. // Append to array
Blockchain // This will increase the array length by 1.

Center arr.push(i);
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Array (MaccwuB) 2

function pop() public {
// Remove last element from array
// This will decrease the array length by 1
arr.pop();

function getLength() public view returns (uint) {
return arr.length;

L

function remove(uint index) public {
// Delete does not change the array length.
// It resets the value at index to 1t's default value,
// 1n this case 0
delete arr[index];

function examples() external {
// create array in memory, only fixed size can be created
uint[] memory a = new uint[](5);



contract Enum {
// Enum representing shipping status
enum Status {
E Pending,
n UI I I Shipped,
Accepted,

Rejected,
Canceled

Solidity supports enumerables and
they are useful to model choice and // Default value is the first element listed in

// definition of the type, in this case "Pending"

keep track of state. Status public status;

// Returns uint

. // Pendi -
Enums can be declared outside of a e

contract // Accepted -
. // Rejected -

// Canceled -
function get() public view returns (Status) {
return status;

B W N PR e

s

// Update status by passing uint into input
function set(Status _status) public {
status = _status;

!y

// You can update to a specific enum like this
function cancel() public {
status = Status.Canceled;

by

// delete resets the enum to its first value, 0

. Blockchain func;i?ntgesiti) [i)ublic 1
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You can define your own type by
creating a struct.

They are useful for grouping
together related data.

Structs can be declared outside
of a contract and imported in
another contract.

i Blockchain
i Center

Structs 1

contract Todos {
struct Todo {
string text;
bool completed;

// An array of 'Todo' structs
Todo[] public todos;

function create(string calldata _text) public {
// 3 ways to initialize a struct
// — calling 1t like a function
todos.push(Todo(_text, false));

// Key value mapping
todos.push(Todo({text: _text, completed: false}));

// initialize an empty struct and then update it
Todo memory todo;

todo.text = text;

// todo.completed initialized to false

todos.push(todo);



Structs 2

// Solidity automatically created a getter for 'todos' so

// you don't actually need this function.

function get(uint _index) public view returns (string memory text, bool completed) {
Todo storage todo = todos|[_index];
return (todo.text, todo.completed);

// update text
function updateText(uint _index, string calldata _text) public {

Todo storage todo = todos|[_index];
todo.text = text;

// update completed

function toggleCompleted(uint _index) public {
Todo storage todo = todos[_index];
todo.completed = !todo.completed;

Blockchain
Center




Data Locations - Storage,
Memory and Calldata

Variables are declared as either storage,

memory or calldata to explicitly specify the contract DatalLocations {
location of the data. uint[] public arr;
storage - variable is a state variable (store mapping(uint => address) map;
on blockchain) struct MyStruct {
uint foo;

memory - variable is in memory and it
exists while a function is being called
calldata - special data location that
contains function arguments

}
mapping(uint => MyStruct) myStructs;

function f() public {
// call f with state variables
_f(arr, map, myStructs(1]);

// get a struct from a mapping
MyStruct storage myStruct = myStructs[1];
// create a struct in memory

B B '
ockchain
MyStruct memory myMemStruct = MyStruct(0):
i Center , 4 i g




Data Locations - Storage,
Memory and Calldata

Variables are declared as either
storage, memory or calldata to
explicitly specify the location of the

data.
storage - variable is a state variable L
. uint[] storage _arr,

(store on blockchain) mapping(uint => address) storage _map,
memory - variable is in memory and it MyStruct storage _myStruct

. . . . . ) internal {
exists while a f.unCtlon 1S be.lng called // do something with storage variables
calldata - special data location that }

contains function arguments
// You can return memory variables

function g(uint[] memory _arr) public returns (uint[] memory) {
// do something with memory array

}

. Blockchain function h(uint[] calldata _arr) external {
. Center // do something with calldata array

}




Functions 1

There are several ways to return outputs from a function.
Public functions cannot accept certain data types as inputs or outputs

contract Function {
// Functions can return multiple values.
function returnMany() public pure returns (uint, bool, uint) {
return (1, true, 2);

}

// Return values can be named.
function named() public pure returns (uint x, bool b, uint y) {
return (1, true, 2):

}

// Return values can be assigned to their name.
// In this case the return statement can be omitted.
function assigned() public pure returns (uint x, bool b, uint y) {

X =

. b = true;

S Blockchain =i
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Functions 2

// Use destructuring assignment when calling another
// function that returns multiple values.
function destructuringAssignments()

public
pure
returns (uint, bool, uint, uint, uint)
{
(uint i, bool b, uint j) = returnMany();
// Values can be left out.
(uint x, ;- uint yv) = 4, 5, 6):
return (i, b, 1, %, ¥);
¥

// Cannot use map for either input or output

// Can use array for input
function arrayInput(uint[] memory _arr) public {}

// Can use array for output
uint[] public arr;

Blockchain function arrayOutput() public view returns (uint[] memory) {
Center return arr;

}




Functions 3

// Call function with key-value inputs
contract XYZ {
function someFuncWithManyInputs(
Vinllsy 03
uint vy,
uint z,
address a,
bool b,
string memory cC
) public pure returns (uint) {}

function callFunc() external pure returns (uint) {
return someFuncWithManyInputs(1l, 2, 3, address(@), true, "c");

}

function callFuncWithKeyValue() external pure returns (uint) {

return
someFuncWithManyInputs({a: address(@), b: true, c: "c", x: 1, y: 2, z: 3});

Blockchain
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View and Pure Functions

Getter functions can be declared view or pure.
View function declares that no state will be changed.
Pure function declares that no state variable will be changed or read.

contract ViewAndPure {
uint public x = 1;

// Promise not to modify the state.

function addToX(uint y) public view returns (uint) {
return X + vy,

}

// Promise not to modify or read from the state.
function add(uint i, uint j) public pure returns (uint) {
return 1 + J;

i Blockchain h
& center ¥




Error Handling

An error will undo all changes made to the state during a transaction.
You can throw an error by calling require, revert or assert.
e require is used to validate inputs and conditions before execution.
e revert is similar to require. See the code below for detalils.
e assert is used to check for code that should never be false. Failing assertion probably means that there is a
bug.
contract Error {
function testRequire(uint _i) public pure {
// Require should be used to validate conditions such as:
// — 1nputs
// — conditions before execution

// — return values from calls to other functions
require(_i > 10, "Input must be greater than 10");

function testRevert(uint _i) public pure {
// Revert 1s useful when the condition to check 1s complex.
// This code does the exact same thing as the example above
if (_i <= 10) {
- revert("Input must be greater than 10");
S Blockchain el : )
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Error Handling 2

uint public num;

function testAssert() public view {
// Assert should only be used to test for internal errors,
// and to check invariants.

// Here we assert that num is always equal to 0
// since it is impossible to update the value of num
assert(num == 0);

// custom error
error InsufficientBalance(uint balance, uint withdrawAmount);

function testCustomError(uint _withdrawAmount) public view {
uint bal = address(this).balance;
if (bal < withdrawAmount) <{
revert InsufficientBalance({balance: bal, withdrawAmount: _withdrawAmount});

}

Blockchain
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contract Account {
uint public balance;
uint public constant MAX_UINT = 2 xx 256 - 1;

function deposit(uint _amount) public {

uint oldBalance = balance;
Handling 3 o

// balance + amount does not overflow if balance + _amount >= balance
require(newBalance >= oldBalance, "Overflow");

balance = newBalance;

assert(balance >= oldBalance);
function withdraw(uint _amount) public {

uint oldBalance = balance;

// balance - amount does not underflow if balance >= amount
require(balance >= _amount, "Underflow");

if (balance < amount) {
revert("Underflow");

}
balance —= _amount;
Blockchailn assert(balance <= oldBalance);

Center }



Events

Events allow logging // SPDX-License-Identifier: MIT

to the Ethereum pragma solidity ~0.8.17;
blockchain. Some

use cases for events contract Event {
are. // Event declaration
// Up to 3 parameters can be indexed.
Listening for events // Indexed parameters helps you filter the logs by the indexed parameter
and updating user event Log(address indexed sender, string message);
interface event AnotherlLog();
A cheap form of
storage function test() public {

emit Log(msg.sender, "Hello World!");
emit Log(msg.sender, "Hello EVM!");
emit AnotherLog();

Blockchain
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[ 1paKTUKa

[Tounmepsbl solidity:
https://solidity-by-example.org/

[TpaKTMKa Mo HaMMCAaHMIO CMAPT-KOHTPAKTOB

i Blockchain
i Center




