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hello_world = sources ;,'"functlon”l move

&0
ame functionl.move & function3.move & function2.move

Aptos binary path is not provided or invalid

Test
flag:

test_struct_return() : Test {
Test{
flag:

test_im_return(test: &Test) : &Test {
test

test_mut_return(test: & Test) : & Test {
test

test_tuple_return() : (Test
(test_struct_return() )

Terminal: Local + v
:hello_world dgm$ move build
MoveNursery
MoveStdlib
hello_world
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Patterns

| RITET - https://move-by-example.com/core-move/patterns/index.html#patterns)

These patterns are closely related to the following Move language features :

Resource oriented (& ES[@)



https://move-by-example.com/core-move/patterns/index.html#patterns

Resource can only be stored, transfered, destroyed or dropped restricted to the abilities.
Resource can only be created, readed field, modified field in the module where it is defined.
(RRREBETEEXENERFPEIZE. EBFE. BFR)
The global storage mechanism (£ B7Zfg&l)
The global storage can only be accessed (i[a]) through
the move_to, move_from, borrow_global, borrow_global_mut functions.

Objects in the global storage can only be accessed in the module where it is defined.
Capability &=

| https://move-by-example.com/core-move/patterns/capability.html#capability)

The Capability pattern can be used for access controll. It is the most widely .used pattern in Move
smart contracts.

Capability &2 AT Fi5aizHl, E=E Move smart contracts PIER&HI TZHIEL

Why this pattern?

Limited by that “no storage for modules to save data.™"

E7 module (&%) ETEEMTFEIEN, ATANEBIEEEMURIRAIFZREFE account TIKF T
1]

How to use?

construct a capability resource and move_to the receiptor.

EX— Capability #J type, EEal ownerCapability RixiE—1 module HEZE, EXTRBENR
REGEMA, BABTREMERNER, MIESTHE 7THRREIE module EHRNA.

AR, B—TRIE, BETE—TMRIEA, A8 Copy, 78 Drop ;! ETMESBERE)!

TEHIFIF: K Capability FHEZIFH MK TR Storage

module examples::capability {
use std::signer;
const ENotPublisher: u64 = 0;
const ENotOwner: u64 = 1;

struct OwnerCapability has key, store {}

public entry fun init(sender: signer) {
assert!(signer::address_of(&sender) == @examples, ENotPublisher);
move_to(&sender, OwnerCapability{} );

}

public entry fun grant_role() acquires OwnerCapability {
let cap = borrow_global<OwnerCapability>(signer: :address_if(&signer));

1§ struct BB EMEL, HSHWABUEDX MR struct I AIDAEIREN

module examples::capability {
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// The returned "OwnerCapability  can be stored in other modules.

public entry fun get_owner_cap(sender: signer): OwnerCapability {
assert!(signer: :address_of(&sender) == @examples, ENotPublisher);
OwnerCapability {} // retured !

ks

// module with “OwnerCapability ™ can call this Function !!
public fun grant_role_with_cap(to: address, _cap: &OwnerCapability) acquires {
// do s.th.

}

EREFF ((FHEER)

module examples::capability {
use std::signer;

const ENotPublisher: uc4 = 0;
const ENotOwner: u64 = 1; // Error Code.

struct OwnerCapability has key, store {}

/// init and publish an OwnerCapability to the module owner.

/// atHEERFIEE KM OwnerCapability

public entry fun init(sender: signer) {
// ZERHBHIHATAEEZER owner, &N Error NotPublisher
assert!(signer: :address_of(&sender) == @examples, ENotPublisher);
// BIZEIR move_to Z sender ihitTF
move_to(&sender, OwnerCapability {})

/// mint to "_to’ with the OwnerCapability.
public fun mint_with_capability(_amount: u64, _to: address, _cap:
&0wnerCapability) {
// mint and deposit to "_to® , mint and 7EFR

}

/// mint entry function. Only signer with OwnerCapability can call this
function. mint NOFE, REME OwnerCapability HIBZE 7 EEALLERE,
public entry fun mint(sender: &signer, to: address, amount: u64) acquires
OwnerCapability {
// WMRFEE sender FEE OwnerCapability , M Error Not Owner
assert!(exists<OwnerCapability>(signer: :address_of(sender)), ENotOwner);

// 3% borrow_global #JiR[EE, borrow_global E£MERIRESHEEL owner A
OwnerCapability &S,

let cap = borrow_global<OwnerCapability>(signer: :address_of(sender));

mint_with_capabilityCamount, to, cap);

OwnerCapability : EXT (BE ownerE? ) key. store 881 (NEFEMEIRIEHRE)
Offer &z



| https://move-by-example.com/core-move/patterns/offer.htmli#offer)

The Offer pattern is used to transfer new objects to others, such as capability delegation, etc.

Offer EXNA TSN RERLEMN R, BIMENERITES,

This pattern is intraoduced because the restriction that in Move, move_to requires a signer, which
means that an account cannot directly send an object to another account. So we need to use
the Offer pattern to achieve this.

XER2AERS|IAR, BN Move 1, move_to BE signer BE, XEMIKE A KPP RBEEIZETIFA]
g R &IEE B K, (AAFEE move_to Fl B KA FEZE, M move_to XPEIEEE B IKF 3K sign
FE) . FRARNIZEFER Offer pattern LI X —,

RIFERERENNRMIE— Offer BE, S receptor Y Offer WK, BKEIESHIKF TH.

B+ :
IMEABRIXLA/NB— AdminCapability , {BR2IMEAREE/NBHARMRESR (NBFESER sign &
E), FIUATREERAFLA/NE, FRMBIMROE T —NiRiE:

IMEYE AdminCapability BIRTE Offer B, BEE L T/\AM address ( receipt: to)

BEfREW A (/N\BR) ANRABIREX AdminCapability BUIE, BEBCEHIBITF Offer 8%, Al
claim i8R accept_role , AEESASKE/NBRIHENUE (address_of(sender) ) @A = Offer &
KEBEE AR address . (B1: RB/NBAABEFT XM EE/\BA address #Y Offer B12)

module examples::offer {
struct Offer<T: key+store> has key, store {
receipt: address,
offer: T,

}

public entry fun grant_role_offer(sender: &signer, to: address) acquires
OwnerCapability {
assert!(exists<OwnerCapability>(signer::address_of(sender)), ENotOwner);
move_to<0ffer<AdminCapability>>(sender,
Offer<AdminCapability> {
receipt: to,
offer: AdminCapability {3},
}
D5
ks

public entry fun accept_role(sender: &signer, grantor: address) acquires Offer {
assert!(exists<0ffer<AdminCapability>>(grantor), ENotGrantor);
let Offer<AdminCapability> { receipt, offer: admin_cap =
move_from<Offer<AdminCapability>>(grantor);
assert!(receipt == signer::address_of(sender), ENotReceipt);
move_to<AdminCapability>(sender, admin_cap);

}
¥

HIFR Wrapper — BRI LI BRIZEIR Wrapper 23RBS H.
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module examples::coin {
struct Coin has key, store {
value: ub64,
}
struct MintCapability has key, store {}
public fun mintCamount: u64, _cap: &MintCapability): Coin {
Coin { value: amount }
3
ks

module examples::wrapper {
use examples::coin::{Self, Coin, MintCapability};
struct MintCapabilityWrapper has key {
mint_cap: MintCapability,
3
public entry fun mint(sender: &signer, amount: u64) acquires MintCapabilityWrapper

{

// check if the sender has can mint with own policy
// XBNBIRT —EE— T sender EEFEHE — &A mint HEREE
// ..

// & ¢ RIR mint g
let wrapper = borrow_global<MintCapabilityWrapper>(@examples);
let coin = coin::mintCamount, &wrapper.mint_cap);

ERFIF, NLENERS.

module examples::offer {
use std::signer;

const ENotPublisher: u64 = 0; // Error codes.
const ENotOwner: u64 = 1;

const ENotReceipt: u64 = 2;

const ENotGrantor: u64 = 3;

struct OwnerCapability has key, store {}
struct AdminCapability has key, store {}

// [R#l offer struct EAM T FEH key + store abilities (P AIEfZ)
struct Offer<T: key + store> has key, store {

receipt: address,

offer: T,

// M EE Capability —#F, #aftHMEERMEE L% OwnerCapability

public entry fun init(sender: signer) {
assert!(signer: :address_of(&sender) == @examples, ENotPublisher);
move_to(&sender, OwnerCapability {})

// ¥ capability ¥4 “to, Bl receipt,
// return —4 Offer struct with AdminCapability.



public fun grant_role_with_capability(to: address, _cap: &OwnerCapability):
Offer<AdminCapability> {
Offer<AdminCapability> {
receipt: to,
offer: AdminCapability {},

public entry fun grant_role_offer(sender: &signer, to: address) acquires
OwnerCapability {
assert!(exists<OwnerCapability>(signer::address_of(sender)), ENotOwner);

let cap = borrow_global<OwnerCapability>(signer: :address_of(sender));
let offer = grant_role_with_capability(to, cap);

move_to<0ffer<AdminCapability>>(sender, offer);

public entry fun accept_role(receiptor: &signer, grantor: address) acquires
Offer {
assert!(exists<0ffer<AdminCapability>>(grantor), ENotGrantor);
let Offer<AdminCapability> { receipt, offer: admin_cap } =
move_from<Offer<AdminCapability>>(grantor);
assert!(receipt == signer::address_of(receiptor), ENotReceipt);
move_to<AdminCapability>(receiptor, admin_cap);

Wrapper &3

| https://move-by-example.com/core-move/patterns/wrapper.html#wrapper

ANk Offer £8, HERE2E NI T REEFME—IERR, TEDRARSA, FAINIRHEEBNZ
Wrapper &3,

The Wrapper pattern is used to store an arbitrary number of a given type, or store objects defined in
other modules.

Wrapper 2 BT FEERENLTELE, NEFHEMERRPEXNINR
Why this pattern?

Limited by that an account can only have one resource of a given type.
— KRB — T AELRBENEIR.

Limited by that one can't move_to or move_from a resource outside the module.
AEE move_to B move_from #IRIMYEIR, EAT Wrapper 5, AIMBE—&, XH#EEE
module Z7ME{EFIARY Resource T .......

How to use?


https://move-by-example.com/core-move/patterns/wrapper.html#wrapper

1.Use a vector ora table to store the objects.
1 fER vector H table EIBEMIRTFEZT Object, RO KLZ Db,

2. Wrapper an object in a new struct directly.
Applications:

° NFTGalley: :NFTGalley in StarCoin framework .

o token::TokenStore in Aptos framework.
N

» offers: Table<address, T> :offers BR]DATEINZ address , thiEin: BLAELEUD
AdminCapability ¥HRHKLEZ ML,

o EEAA grant_admin_offer(to: address) , 4§ address, AdminCapability {} ZHNZE!
&offer_store.offers B

 address 3 claim i accept_role & AdminCapability B, SAEFIEHX address EATE
&store.offers MRZREE, MRAERLE, Fi table::remove(&mut store.offers, to); #H—
™ AdminCapability{} %8 claimer

module examples: :wrapper {
use std::signer;
use extensions::table::{Self, Table};

const ENotPublisher: u64 = 0;
const ENotOwner: u64 = 1;
const ENotReceipt: u64 = 2;
const ENotGrantor: u64 = 3;
const EOfferExisted: u64 = 4;

struct OwnerCapability has key, store {}
struct AdminCapability has key, store {}

/// The wrapper pattern.
struct OfferStore<phantom T> has key, store {
offers: Table<address, T>,

}

public entry fun init(sender: signer) {
assert!(signer::address_of(&sender) == @examples, ENotPublisher);
move_to(&sender, OwnerCapability {})

/// The owner can grant the admin role to another address “to"

public entry fun grant_admin_offer(sender: &signer, to: address) acquires
OfferStore

{

assert!(exists<OwnerCapability>(signer::address_of(sender)), ENotOwner);
if (lexists<OfferStore<AdminCapability>>(signer::address_of(sender))) {
move_to<0fferStore<AdminCapability>>(sender, OfferStore<AdminCapability>

offers: table::new(),
1
3



let offer_store = borrow_global_mut<OfferStore<AdminCapability>>
(signer: :address_of(sender));
assert!(!table: :contains<address, AdminCapability>(&offer_store.offers, to),
EOfferExisted);
table: :add(&mut offer_store.offers, to, AdminCapability {});
}

public entry fun accept_role(sender: &signer, grantor: address)

acquires OfferStore {
assert!(exists<0fferStore<AdminCapability>>(grantor), ENotGrantor);
let to = signer::address_of(sender);
let store = borrow_global_mut<OfferStore<AdminCapability>>(grantor);
assert!(table::contains<address, AdminCapability>(&store.offers, to),

EOfferExisted);

let admin_cap = table::remove(&mut store.offers, to);
move_to<AdminCapability>(sender, admin_cap);

Witness &3t

| https://move-by-example.com/core-move/patterns/witness.html#witness)

Witness is a pattern that is used for confirming the ownership of a type. To do so, one passes a drop
instance of a type. Coin relies on this implementation.

Witness @—HATHAIALEFAEM (the ownership of a type) AR,

AL, FEERIE—PEBM drop X6, Coin KFHITF XL,

Why this pattern?

Benifit from the Move type system, that a type can only be created by the module that defines it.
KA type REEATE X EREIR module BIE,

ST Move B4 — — P RBISTRIMCRIRIR, REETEE XX EEA) Module BE#ITEAIME.
Witness W& —E R BIBEN RIS ANHE RIS L7 8EIREUX 13261,

How to use?

Define a public function with generic type argument, and a function argument of that type.
EXBBEZHELS NI AR, MURIZELE RIS,

Security programming

No copy ability and public constructor function for the Witness type.
Witness &% H copy BEIH public 1Ai&R %L,

Applications

A third party library can provide public functions but limit the invoking.
SE= R AR M AHTHEEERREIERA.

In an open game, a hero module authorization other modules to increase a hero's expericence.


https://move-by-example.com/core-move/patterns/witness.html#witness

E—TFBUEMNTR, — D REERZN (EDNEETY) EMEREin— D mgrsin,
WTHFIF, Hacker BEKREHEXMEY :

Hacker #13& Publisher &R E K publish_coin , BEAEFEXMNEERGAT:
Hacker 28FIJF examples::framework B9 publish_coin() F examples::xcoin B9 X EEIERIT

1t£
n

BR1Sm T Move AUFFE — LEUSTHIMEAIRHME, REEEE XM EEMN Module BEFHITSERIME.
R EE, publish() ARYZEEY T £ Module examples: :xcoin H#ESEHIMLA X, HERBEE
examples Module FEELHIME (F11Z2), FRUAZMES Module FoiEiER X #1T7LHIE

publish_coin ] publish_coin_v2 &{E/E5|A, FILUARIERBE.

module examples::framework {

struct Coin<phantom T: drop> has key, store {
value: ulZ28,

}

public fun publish_coin<T: drop>(_witness: T) {

}

public fun publish_coin_v2<T: drop>(_witness: &T) {

}

module examples::xcoin {
use examples: :framework;

struct X has drop {}

public fun publish() {
framework: :publish_coin<X>(X {});

}

module hacker: :hacker {
use examples: :framework;
use examples::xcoin::X;
public fun publish() {
coin::publish_coin<X>( X { } );
}



Hot Potato &I

RFIE, LI

Hot Potato is a name for a struct that has no abilities, hence it can only be packed and unpacked
in its module.

struct with no abilities, € R 8EEH module HITREFMfEE,

In this struct, you must call function B after function A in the case where function A returns a
potato and function B consumes it.

XN G, RAERE A ZRRAKRE B, MR ARE—1 potato M BIHEE.

% Design Pattern LI Y845

B AR 3l R R B9 AT IR -
EEAMR B T — T EhtE, ATNEERAES T4, BT Hot Potato 830, LA ATETSCIR
ERIGF TR ERIRE

THlF

EXT—TERNLIE, EEFERIEN, XTEFER(BRESLRT), REEBRAT—TA (K
).

WRIAA get_potato RER, ZREUREI— Potato {} W&, BAFEXELEN

FRABFP LIERSEA consume_potato FHTIX Potato {F MR

gnitk, WASEIMT get_potato -> consume_potato XAFHI—TEREIITINF .

module examples::hot_potato {

struct {3}
public fun (_sender: &signer): {
{3
ks
public fun (_sender: &signer, potato: ) {
let {} = potato;
}

Move 1] L4



private: ZHFTModuleF] M, (Move R ERIBRIAP] W14 <X S ERSolidity R~ —1¥, Solidity EXiAZpublic
9, move HNLLBETRIFAYIBE T bR E RO 55

friend: Z@Jaddress F#1EiXAIModuleR] I (B IAERfEMaddressRAIRIAI 14, ZEtbJavaly
packageZ&BIHIAT1TIE, Solidity’@E{EAModifierSRIZHIEABINIR, XIKMFLENIALESN, BS
SIEREMRE, HEEST)

public: FiEModule®] I, (BERAFAEEIZENRSER (ERSolidity~R—1¥, SolidityZ2iEApublic
ENRBEEEERS)

entryg{Escript: RBMWAD (FILIRERFIRIENR S, TiHModulelIFRHREIFMTE)

M EATRI I, FIILSEERHA.

friend: friend ROEAEIZHI MBEaddress T, BEModuleRIREER1 , XIFFEEMAIIAEHES], B
YFROE G R B BERY B, T3RZ friend ERMBIF .

. 85

generic ;2 &Y

When calling a generic function, one can specify the type arguments for the function's type
parameters in a list enclosed by a pair of angle brackets.

TRZER R, AJATEH XA SIEERTIRPIEE KBRS MRS,

fun O {
let x = id<bool>(true);

}

fun O 1

let foo = <bool> { x: true };
let <bool> { x } = foo;

let x = id(true);
let foo = { x: true };
fun O {

let v = vector::new<uo4>();

fun O {



let v = vector::new();

vector: :push_back(&mut v, 42);

If you do not specify the type arguments, Move's type inference will supply them for you.
Unused Type Params

| CRMEMMERSH)

For a struct definition, an unused type parameter is one that does not appear in any field defined in
the struct, but is checked statically at compile time. Move allows unused type parameters so the
following struct definition is valid:

"RERREESE B REHIMESAE XNEAFERP, BERENSHFSNENEESE,
MovelE 5 RIFAREMARIEESE, HUTEMEXEHRA:

)

struct Foo<T> {
foo: u64

This can be convenient when modeling certain concepts. Here is an example:
RENFEEHZHITERENSRAE. XE2—T0F:

address 0x2 {
module m {

struct Currency_CNY {}
struct Currency_USD {}

struct Coin<Currency> has store {
value: u64

}

public fun mint_generic<Currency>(value: u64): Coin<Currency> {
Coin { value }

public fun mint_concrete(value: u64): Coin<Currency_USD> {
Coin { value }

Phantom (4]

A rust FEYBIF


https://move-language.github.io/move/generics.html#type-inference

struct PhantomTuple<A, B>(CA,PhantomData<B>);

phantom type parameter —M7EIE1THS (runtime) A, ME (BRE) mFHHTHESHANE
#J parameter,

£ LEFFH, BAR struct Coin #XEXRE store BES, 1B
Coin<Currency_CNY> F Coin<Currency_USD> #Bi%H store BES,

X2REN FZEaEN 57 AZEARFN, EA Currency_CNY F1 Currency_USD j&F store BES], REE
EZEZEHAE struct Coin WEMAPEFERH, BXERSH—EARTFNER. Fla, ENXE
& Coin<Currency_CNY> BMAZREMHEN—TMEHREF.

Phantom B SEFRR T X Mal@, RIEMEESEHAILARICH Phantom KBS, RS55H1AIEE
NS, BJH, AIREZEXENENN, TERLIGRESHNSH, MMER T X EREENERNE
B, ATEXTRROMNEE, Move LR RSHRIESBFN phantom FISER

BLEEME N PIRARER,
B/ {XAEERRN phantom XIS MBS E(RIE)

EIFR MR, WRGEREAE phantom KB SHMASE, BANRZEELIE phantom &, BT
XPEX, EWER phantom SERIMNFTAIEEM T phantom RESHRBELIE phantom i
B, (TEfE, BELS TEHRIHIXNLERE:

struct Sl<phantom T1, T2> { f: u64 }
AA

Ok : T1 does not appear inside the struct definition

struct S2<phantom T1, T2> { f: S1<T1, T2> }
AA

Ok: T1 appears in phantom position

U TFRBRERER ARG

struct Sl<phantom T> { f: T }
A

Error: Not a phantom position
struct S2<T> { f: T }
struct S3<phantom T> { f: S2<T> }

A

Error: Not a phantom position

SLl{t, (Instantiation)


https://github.com/move-language/move/blob/main/language/documentation/book/translations/move-book-zh/src/chatper_19_abilities.md#conditional-abilities-and-generic-types

When instantiating a struct, the arguments to phantom parameters are excluded when deriving the
struct abilities. For example, consider the following code:

SEHIMCEMRT, IRESMINENZRRAIZSHRNBASE. fIal, ZRUTHRE:

struct S<T1, phantom T2> has copy { f: T1 }
struct NoCopy {}
struct HasCopy has copy {}

Consider now the type S<HasCopy, NoCopy>. Since S is defined with copy and all non-phantom
arguments have copy then S<HasCopy, NoCopy> also has copy.

Z[EEE! S<HasCopy, NoCopy>, BT S F copy EX, BFTEIE phantom S8 EBHE copy 8EH, AR
M S<HasCopy, NoCopy> HBEH copy 8/,

SL{fl-BaseCoin

https://github.com/move-

anguage/move/blob/main/language/documentation/tutorial/step 6/BasicCoin/sources/BasicCoin.mov

e

[R3ERY Coin Z£E8Y:

struct Coin has store {
value: uoc4

struct Balance has key {
coin: Coin

AR TEEE <CoinTypes>

struct Coin<phantom CoinType> has store {
value: uoc4

}

struct Balance<phantom CoinType> has key {
coin: Coin<CoinType>

public fun publish_balance<CoinType>(account: &signer) {
let empty_coin = Coin<CoinType> { value: 0 };
assert!(!exists<Balance<CoinType>>(signer: :address_of(account)),
EALREADY_HAS_BALANCE);
move_toCaccount, Balance<CoinType> { coin: empty_coin });

}

public fun mint<CoinType: drop>(mint_addr: address, amount: u64, _witness: CoinType)


https://github.com/move-language/move/blob/main/language/documentation/tutorial/step_6/BasicCoin/sources/BasicCoin.move

acquires Balance {
// Deposit “total_value  amount of tokens to mint_addr's balance
deposit(mint_addr, Coin<CoinType> { value: amount });

BAHRME T —TRA MyOddCoin HI/MERR, ELHIH Coin KEFH B E X H Transfer 3Rl REELR
THEm,
only odd number of coins can be transferred

module NamedAddr: :MyOddCoin {
use std::signer;
use NamedAddr: :BasicCoin;

struct MyOddCoin has drop {}
const ENOT_ODD: ue4 = @; // status_code ;

public fun setup_and_mint(account: &signer, amount: u64) {
BasicCoin: :publish_balance<MyOddCoin>(account);
BasicCoin: :mint<MyOddCoin>(signer: :address_of(account), amount, MyOddCoin

{3
}

public fun transfer(from: &signer, to: address, amount: u64) {
// amount must be odd.
assert!Camount % 2 == 1, ENOT_ODD);
BasicCoin: :transfer<MyOddCoin>(from, to, amount, MyOddCoin {});

/*
Unit tests, #1T move test BIRBITTFE 2 MRECKHTRITIL
Y
#[test(from = @@x42, to = @9x10)]
fun test_odd_success(from: signer, to: signer) {
setup_and_mint(&from, 42);
setup_and_mint(&to, 10);

// transfer an odd number of coins so this should succeed.
transfer(&from, @9x10, 7);

assert!(BasicCoin: :balance_of<MyOddCoin>(@0x42) == 35, 0);
assert!(BasicCoin: :balance_of<My0ddCoin>(@0x10) == 17, 0);

#[test(from = @@x42, to = @x10)]
#[expected_failure]
fun test_not_odd_failure(from: signer, to: signer) {
setup_and_mint(&from, 42);
setup_and_mint(&to, 10);

// transfer an even number of coins so this should fail.
transfer(&from, @9x10, 8);



Vector
FrEEEFRRY Vector 1R1R
Diem diem/diem

Starcoin starcoinorg/starcoin

vector I Move fRI{E)ZEIRES, Vector INRESEFR ERH VM RHEY, RZEH Move IESRIARY, EHTE
HOME— 75 A 2 fE AR EREA native BREL,

let str_ = b"hello";
let v2 = :rempty<u6d>(Q);
(&mut v2, 10);

FTED "FRFER"

let str_ = b"Hello World";
(&str_);
SM: : (str_);

let str_ = b"Hello World";
Debug::print(&str_);
SM: :show(str_);
}
b

debug: (&) [72, 101, 108, 108, 111, 32, 87, 111, 114, 108, 100]
debug: (&) [72, 101, 108, 108, 111, 32, 87, 111, 114, 108, 100]
Gas used: 12

@ Vector Push Value:

script {

use Ox1:: ;

use - as SM;

use Ox1:: ;

fun O {

let v2 = :rempty<u64>(Q);
: :push_back<u64>(&mut v2, 1);
: :push_back<u64>(&mut v2, 10);
&v2);
}


https://github.com/diem/diem/blob/master/language/stdlib/modules/vector.move
https://github.com/starcoinorg/starcoin/blob/master/vm/stdlib/modules/Vector.move

let v2 = Vector::empty<
>(&mut v2,
>(&mut v2,
>(&mut v2,

Vector: :push_back<
Vector: :push_back<
Vector: :push_back<
Debug: :print(&v2);

debug: (&) [1, 10, 100]
Gas used: 19

R
REAT AR Vector 75 IAREIAESIR

<
@
()
~+
o
-
f

BIE— RN <> NE@E

Vector: ::empty<E>(): vector<E>;

RROENKE

Vector::length<E>(v: &vector<E>):

TR e RINZRERE

>();

ub4;

Vector: :push_back<E>(v: &mut vector<E>, e: E);

RN 2RI E5|H, A5 BR{EA Vector: :borrow()

Vector: :borrow_mut<E>(v: &mut vector<E>, i:

MEENRERE—TTER

uod): &E;

Vector: :pop_back<E>(v: &mut vector<E>): E;

Vector API
K&k BIEAEF4 abort HEEIWNARILRE

empty<T>(): vector<T>
singleton<T>(t: T):vector<T>

borrow<T>(v: &vector<T>, i:u64): &T

IREITE index i 4633 T AT ZE5| A



vector:empty<T>(): vector<T> BIR—N T AT RETRRUE = H KR
vector:singleton<T>(t: T): A ; ; s o<
vector<T> R ESRANNINEE  KAFRL
vector:push_back<T>(v: &mut o i s
vedtor<T>. £.1) BURMEN LR KL

vector:pop_back<T>(v: &mut . =y
vector<T>): T BEFBREVFNRE—ITTR HARVEZHRA

vector:borrow<T>(v: ’ e e _
&vector<T>, i: ubd): &T BREERSBENTHATESIA MR BF

vector:borrow_mut<T>(v: &mut : . .
vector<T>, i: ub4): &mut T B BRI TH T XS] A RiE SR

vector::.destroy_empty<T>(v: s p —
vector<T>) R viE R A== HEA

vector::append<T>(vl: &mut | s o<
I A e T ) B2 TRAMENVIAARE kAP

vector::.contains<T>(v: X s o<
&vector<T>, e: &T): bool R eEE RV EIR Bltrue KA
vector:swap<T>(v: &mut TRBAVPBINFE R4 e
vector<T>, i: ub4, j: u64) TR SRR

vector::reverse<T>(v: &mut 5 i 57 45 M 4R £h 5 22 4 I AR E

vector<T>)

vector:index_of<T>(v: MNReZERS|IHNEAR, MR . Reh b
&vector<T>, e: &T): bool [B](true, i) & R3R El(false, 0) K

. . BEREAVR M EIN TR, BEhAr
vegttor;r%n ‘?_"eg 4T >$/ Smue FRERTE. XEEOn)HEE MR iBR
i R ERE T AP TR

BEATHB P TRERE—

vector:swap_remove<T>(v: TTEXHR RAEHY., XBER iR
&mut vector<T>, i: u64): T O(1)Ef )B4 E, ERAFREBE
Hrh TR

Resource A

Move WFEINRERIRM T HENX Resource A, Resource RN LZEMNMF R HRIBEARMTEEN
AR

Resource @ —M455ARHY 4018 struct  (ZEFRF T ability B9 struct) , BIDATE Move REEHE X FE
2, e AMERIAER Resource, Rtt, HITAIAGERTAEEIIE (EEIRmES;EME) BREREE
g&%J\F

Resource RAH key # store 2 ff ability, Resource ;KiIZAEEHMEHI, EFRTFEFR. Resource EH!
HEEHE XIZELRAER O 2B tHER, XL E R Move BHWLET FHRERIEFIHIT. Move EEIIIE



BB B ITEME B R ET F PRI,
Resource MIAFHEEKRF TE, B—1MKFPE—NZIRETHN—1TER

Resource can only be created, readed field, modified field in the module where it is defined.
The global storage mechanism

The global storage can only be accessed through the move_ to , move_from , borrow_ global ,
borrow_global_mut functions.

Objects in the global storage can only be accessed in the module where it is defined.
HMEIRNR (BR) WEBHEZE, 8%EEE move_ to , move_from XLERERTAEA,

BT

Resource — 45% struct

Resource R B A key ] store 2 # ability, aE#E4l, EAHER

— K E—BZ RBER N — Resource (— KB Resource)

Resource MEM FA , XEWKELTUGHHEIZER Resource move FIEMEFPT, MIKFPIZEH
Resource KRB FIEES —TIKF T,

ZfE store

store BENRFEAERMENNRENEFETEREFMTNEME (FR) AR, ER—EFEIE
BEFMEPNINEZIR, MR—MER store B8, NESHEZERNMBEETESR store A,

FhE5E key

key BENAFIEEMERBIEFMMRNT, REIER, key 2—MERNTMAR RIEFHEESBEFMETAIEE
N, EAFEEREFMHEPCIE. BFNEHRE. WR—NMEE key 885, NEBEEZEANREE
#EH store BEN.

2BE7EfE (LA Starcoin 315l)

Move RIRHIZBHCHFME. Bk, £RFMH (BNMZANXRIEBIAT) BERS|, STt THE
Move &R (fUE3) F Move TR,

FEHRBH, 2RFHEELES:

struct {
resources: <(address, D, >
modules: <(address, ), >

ks

B TAI Move BIRFMER —TREZENMRE, EMERES TN TEMEBEREE—ME. XHE
A FA R T IRt R 5| AR A AR ST -

module 0x42:: {
struct has key {
value: ub4,
ks

}



FELERRP, BMEXT—PNIRREIR Balance &, ERF 7B MHUEFEMN token B2, It
B, Move BXIIREERPIRZSAENUI TAIR:

Move XIRHEIATS

g%ﬁﬁg I:I token HBEE
I:I 3F token #HHE

s o7 @™ .. [oar ] .. [owec | [ oven |

0x42::BasicCoin:: 0x42::BasicCoin:: 0x42::BasicCoin::
R Balance { Balance { Balance {
e value: 2 value: 3 value: 5

} } }

module 0x42::BasicCoin
{
fER: /! FHE

}

signer EE#&
FEFAER Resource 2R, BATRETHE signer KEDURXMEREFENREA.

Signer 2 —MIRAERIZEU Resource IR EHIRIKE, ERETRHRIEZERMIL, Signer KRRIELR
SHA, KRTEEEHOWR. RIENR, F/A signer ERE R 8) & IXE/OHEHEF] Resource, BS
signature REEBEEXR, ™ Move VMME, ENRTEESE,

AR ERAE ST :

struct signer has drop {
a: address,

}

Signer EEARBEENRIBHEIE, dIuEIHABAEES
| Signer RE—# ability: Drop ,

use StarcoinFramework::Signer , EfEFEHRERE THI Signer module, Signer @—FRE4E RIS

Resource AR EHINEE, EEETREEEENMIL, 5| signer EEWNERER 7z —2ERMBER
MERAFEZELIZENR, WMLERFE, FLb, REAEERIRAF AL LEE Resource, BIRA]
S ERIL,

script {

fun mainCaccount: signer) {
let _ = account;

}l



Signer 2B F o EEBIMAS, EFIH (CLI) BB ERNRINMAS, mE, signer Bi&
ERHRESIA, BAMNEERTILRERENIMME, EERWLENREELEN, TAEEMED
W75 {EREERE signer .

— I RGMEATUNBETEHEN signer , REXE signer SHERINKBESH A, ROIER, AE
signer SENFRAES—L:

script {
use Std::Signer;

fun main(sl: signer, s2: signer, x: u64, y: u8) {

}
}

XN FEIMZHINRITAN ZEMAIEEER.
FRERERR] Signer &R
Std::Signer FEREIRIRIZMH TR T RECRM signer HIRENMBLL,

address_of(&signer): address : IR[0] signer B1ZEAYHEIE
borrow_address(&signer): &address : IR[0] signer B1ZEA9HENEAYS | FB

https://move-book.com/cn/resources/signer-
type.htmI#%EG6%A0%87 %ES5%87 %86 %E5%BA%93%E4%B8%AD%E7%9A%84-signer-
%EB6%A8%A1%E5%9D %97

[RAELBBARREERE, signer WREFREEESTE 0x1::Signer {&RA,

module Signer {

native public fun borrow_address(s: &signer): &address;

public fun address_of(s: &signer): address {
*porrow_address(s)

}

{&F3 address_of :

fun mainCaccount: signer) {
let _ : address = 0x1::Signer::address_of(&account);

}

HEIRPAY Signer


https://move-book.com/cn/resources/signer-type.html#%E6%A0%87%E5%87%86%E5%BA%93%E4%B8%AD%E7%9A%84-signer-%E6%A8%A1%E5%9D%97

module {

use Ox1:: ;

public fun (account: signer): address {
(&account)

P 1

€A &signer fFARBNSERIRZRAEEERREEMIL,

I\ signer ERNRAZ —SERHBERMLERBEZERZAENR, WLERFE, AL, REEEERIRA
FPARZZNAEIE Resource,

signer API

address_of ( &Signer ): address 3iR[5] signer YL
borrow_address(&Signer): &address iR[A] Slgner FithiitAY5| FE

script {
use Ox1:: ;
use Ox1:: ;
fun ( sn: signer) {
let addr = N (&sn);
(&addr);
ks
ks

> Example: script_name<u8>( script {
use @x1::Signer;

main_signer(0x21) X use @x1::Debug;

main_signer(0x33) X fun main_signer( sn: ) {

let addr = Signer::address_of(&sn);
Debug::print(&addr);
1
10 }

debug: 0000000000000000000000000000000000000000000000000000000000000021
Gas used: 9

Signer £ library

signer BEUEXRE
MREZFZPSE, € signer LEREE—T.

signer [eEBIE (RBAMERE) , Ree@IEBERA,

public fun (account: &signer){
(account, {value:0});

}

L, init FEBHE— &signer, BFREERAELAZ—TKF GEERTET AILAIEA



API

OK [o]Zl] Resource, ¥&&E API :

name description abort
N . if Signer
move_ro<T>(&Signer, T) J& Resource T & 7045 Signer - Tg FERR
move_from<T>(address): T MiB® Signer B9 T HFEFHIRE if Signeri&8 T
borrow_global_mut<T>(address): . . o .
g « ) iR[g] Signer ™ T 9A] 5| if Signer3&8 T

&mut T
borrow_global(address): &T iR[E] Signer ~ T B9AA L5 A if Signer;&8 T

JZ[E] address THESR T EHRIK
exists <T>(address): bool i;g; THRERA T REN Never

fva /i

create. move., Query Resource

@ move_to<T>(&signer, T): &f. HRINEEN T WEIRE signer AL,

® exists<T>(address): bool : #|Wittit FEEEXERN T HWHRR, .

® move_from<T>(addr: address): T —— Mttt FHRIBRERN T HETREHIREIXPEIRE,

® borrow_global< T >(addr: address): &T — R[EHNETEEC Y T B RIARIEZS|H,

® borrow_global_mut< T >(addr: address): &mut T — IR[EIHUETEE T EENTZES|H,

module @x1::collection{
use Ox1::Vector;
use 0x1::Signer;

struct Item has store, drop {}

struct Collection has store, key {
items: vector<Item>,

}

public fun start_collection(account: &signer){
move_to<Collection>Caccount, Collection{
items: Vector::empty<Item>()
D)
ks

public fun exists_at(at: address): bool {
exists<Collection>(at)
}
ks



vector<Item> BRAREEENNE Item ZEH;
E'\é:lél:_—lz :

{RRBESE Resource MEB MK, T, RFEAARIB—PKFE signer B, EILLTERE
Resource ZEIEEKF,

— Mt TR Z R EEFME— N E—H B Resource, FXHITHBIIREZTTHN, LEE X2
Bl EH Resource S EM,

M3t -
script {
use Ox1::collection as cl;
use Ox1:: ;
use Ox1:: ;
fun (account: signer) {
(&account);
let addr = S (&account);
let isExists = Caddr);
(&1isExists);
}
3

test-resouce.move X collection.move x

script {
use @x1::collection as cl;
test_resource(0x32) X use 0x1::Debug;
use Ox1::Signer;
test_resource(0x42) X
fun test_resource(account: ) {
cl::start_collection(&account);

let addr = Signer::address_of(&account);
let isExists = cl::exists_account(addr);
Debug: :print(&isExists);

Gas used: 17
Changed resource(s) under 1 address(es):

Changed 1 resource(s) under address 000000000000000000000000000000000000(
Added type Ox1::collection::Collection: [0] (wrote 57 bytes) ..0032
store key Ox1::collection::Collection {

items: [ .
] Resource info

}

Wrote 57 bytes of resource ID's and data




Read, Modify Resource

* Read: borrow_global<T: key>(addr: address): &T;
» JR[E—15|F reference

e Modify: borrow_global_mut<T>(Caddr)

module @x1::collection{
use Ox1::Vector;
use Ox1::Signer;

struct Item has store, drop {}

// define resouce,
// abilities of resouce only store & kkry
struct Collection has store, key {
items: vector<Item>, // vector not Vector
ks
// move resource
public fun start_collection(Caccount: &signer){
move_to<Collection>Caccount, Collection{
items: Vector::empty<Item>()
i9)
ks

// judge exists ?
public fun exists_account(at: address): bool {
exists<Collection>(Cat)

}

// modify

// acquires return resource list

public fun add_item(Caccount: &signer) acquires Collection{
// get the resource mutable quote
let addr = Signer::address_of(account);
let collection = borrow_global_mut<Collection>Caddr);
Vector: :push_back(&mut collection.items, Item{});

// return resources length

public fun size(account: &signer): u64 acquires Collection {
let addr = Signer::address_of(account);
let collection = borrow_global<Collection>Caddr);
Vector::length(&collection.items)

}

M :
® BUH cl::start_collection(&account); BUFRR, FctliE

@ FBHE cl::start_collection(&account); , HITRERE

script {
use Ox1::collection as cl;



use Ox1:: ;

use Ox1:: ;
fun (Caccount: signer) {
(&account);
let addr = - (&account);
(&account);
let 1lsize = (&account);
(&lsize);
ks

debug: 7
Gas used: 31
Changed resource(s) under 1 address(es):

Changed 1 resource(s) under address
0000000000000000000000000000000000000000000000000000000000000033:
Changed type Ox1::collection::Collection: [7, 0, O, 0, 0, 0, 0, 0] (wrote 64 bytes)
store key Ox1::collection::Collection {
items: [
drop store Ox1::collection::ltem {
dummy_field: false

b ]
Ox1::collection::Item { Give us feedback

£ 01 d. £ 1 -

debug: 8
Gas used: 31
Changed resource(s) under 1 address(es):

Changed 1 resource(s) under address
0000000000000000000000000000000000000000000000000000000000000033:
Changed type Ox1::collection::Collection: [8, 0, 0, 0, 0, 0, 0, 0, 0] (wrote 65
bytes)
store key Ox1::collection::Collection {

*value_ref = *value_ref + v;

module 0x42:: {
struct has key {
value: u64,

}



public fun increment(addr: address, v: u64) acquires Balance {
let value_ref = &mut borrow_global_mut<Balance>(addr).value;

*value_ref = *value_ref + v;

}
}

Destroy Resource

module @x1::collection{
use Ox1::Vector;
use 0x1::Signer;

struct Item has store, drop {}

public fun destroy(account: &signer) acquires Collection{
let addr = Signer::address_of(account);
let collection = move_from<Collection>Caddr);

let Collection{ items: _ } = collection;
ks
ks

Advanced Data Structures

table

table 2R SCINAYERIEXT Dict , 21 Solidity B9 mapping

table.move
table.move BIJLPAA:

upsert : SEBETEIEE table BB, BIMHEITEXR
simple_map

simple_map.move

struct SimpleMap<Key, Value> has copy, drop, store {
data: vector<Element<Key, Value>>,

}

struct Element<Key, Value> has copy, drop, store {
key: Key,
value: Value,

}

This module simple_map provides a solution for sorted maps, that is it has the properties that

Keys point to Values, §igmE

Each Key must be unique, 1 Key @ B2 —H#

A Key can be found within O(Log N) time, 7£ O(Log N) Ef[&]A 8] LA E—1 Key
The data is stored as sorted by Key, % Key X/NIfiETZ6E


https://github.com/aptos-labs/aptos-core/blob/main/aptos-move/framework/aptos-stdlib/sources/table.move
https://github.com/aptos-labs/aptos-core/blob/main/aptos-move/framework/aptos-stdlib/sources/simple_map.move

Adds and removals take O(N) time, ZINFIMIFREE O(N) B8]
property_map

property _map.move
property_map 24 Token iZitHHEUIELEH
PropertyMap is a specialization of SimpleMap for Tokens.

It maps a String key to a PropertyValue that consists of type (string) and value ( vector<u8>)

It provides basic on-chain serialization of primitive and string to property value with type
information

It also supports deserializing property value to it original type.

struct has copy, drop, store {
map : < , >,

ks

struct has store, copy, drop {
value: vector<u8>,
type: R

}

Aptos versus Sui
Aptos MoveH Z5EFTE X (resource ownership) :

£ aptos moved R X EEIE key 1EMRY Struct, 7 B AMA resource

81T move_ to RIERTIE resource 48 Z! signer B address £ ( 7722 )E table ( BTreeMap ) , 7i#
2/ rocksdb)

7 sui move F R B # XI5 key {&1fiRY Struct BEE—PMFERERN id B9 UID 2£8!, XY Struct 7]
AA object

Sui ZF 7T move to 1BIEFF, BT sui:transfer 1&EHRJE object #EZHEEHT, address Bf object id t
(sui moveiZHIREY object IFE, FRLUZBE/E table AIMLE, tLE7FZ! rocksdb)

struct has key {
id: UID,
as_paused: bool,
xbtc_cap: <ID>,
}

owned # shared FRENZS

Aptos B owned  shared FrEIEZ 2
Aptos : owned FiBINELETEERTE move MIBEARH:

move module B public, public(friend), public(script) Z&1HfF

resource BJPOFH abilities (copy, drop, store and key)
FA key &1 struct, TIAIEIE move_to KEIHE L. MEIL/E Storage BH, EHRIEMNAIMBLE,
AT D@ 4T Resource BE1TANES .,
store 1 key BXINHY, ES key 1EHHRY struct FER AT ATE#ZIRE L


https://github.com/aptos-labs/aptos-core/blob/main/aptos-move/framework/aptos-token/sources/property_map.move

drop IRITRIRYY, R struct }2H drop BENMIIE, DIUEET SLRMAIREAITIHER, MR
#7 drop 887, BRILABITHERMN, IRZEBABASTELEER:
Liquidswap AR :
HEZHA 2 BE, RO 21, B=TEHG T —TNBERIESH struct (&F drop
BEA1) , MRTEDEFEEENERNIE, ETEEEAMIIN, RIETEANTE,
resource RYIFARMA 3R RBETEEFTTERY module 2 i#1T:
&2 Liquidswap (JREEY, ANRIZMHET drop B9iE, {EJAHEEE coin TiE

Aptos: shared FTENZE T EIZFIEFLEFH

LRHZ — TIEE, 7F aptos move 24, TR resource account ZE S 44 resource,
FHRENNFHRTEEELEZ

E‘EBJ:QE' RAZBLEENLEEN, FTEAKEBSII ACL (Access Control List, 15[a)#=Hl5!
), BRERARIFELE address T5ORAEHRIE

Sui : owned # shared FiEIRE:
Sui: Owned FREIE TRILE TS move BIIEBEEEIM

move module B public (friend) ZBiffF ( ZiE T public(script)
object FIPUF abilities (copy, drop, store and key)
object FIRAEFNE LR REETEELATTER module Z H#H4T

WARILTE sui KB 3T object BYHISR, EAIARY object Fi2 owned:

shared FRENZE:

RIS sui IR T shared object (i£5) # freeze object (RiE) shared object (€5 ) # freeze
object ( HiE)
Bt 5;; BESAREER, FEFLEBCSEW ACL ( Access Control List, Jh[a)iEH5
K), KBIR R FEaddress T FEHHIZH]

Hih=5
aptos 1 sui move/miZLZ LN EILA TAZEZEF 1 (EHFAIRE)

BT aptos move (ZBHEEMZEEISE, sui R T EEBEMERSEIN, T=EE object Y
id
VMiEELE: X5E T aptos move F sui move HIRGZEAS—F
BESL: aptos AR ELNMIEE FTIAIEE R, T Sui NPYEATE BF &4t 5 —31 0x0 i
|
FRE#XE5T%: aptos resource INEEE 1245753 receiverititlt, T sui object B LAE #25572%! receiver
tHhiit

Aptos XTI F Web3 AF RLERRTIN, FERAHHER

Sui I AFRERKRARR, NRMFEAEEMEEMIE (I8, )
A& aptos HElEE 32 23, T sui #bibE 20 FH
BYFAR: aptos BAZIFHLR, M sui BYEN BRIAIFHR

Move FEBRIRER:






