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pragma solidity >=0.4.22 <0.6.0;
contract TesiConiract {
1002-" struct Accountinfo {
address account_id;
uint age;
bool gender;
string memo;

}

1004 struct Companyinfo {
address company_id;
string company_address;

}

1006—" struct Country {
unit8 id;
string country_info;

}

PCT/CN2020/124073

1010

j

1008
/

mapping(string => Accountinfo) Zhejifang, faccount_infos;
mapping(string => Accountinfo) Shanghai_account_infos;
mapping(address => Companyinfo) string_map;

Country countriesp|];

} 1014

FIG. 10
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1200

/

pragma solidity >=0.4.22 <0.6.0;
contract TestContract {
1002 struct Accountinfo {
address account id;
uint age;
bool gender;
string memo;

}

1004 struct Companyinfo {
address company_id,

string company_address;
}
1006—" struct‘Co.untry {
unit8 id;
string country_info; 1202 1108
b —— /

MerkleTree(0x00000001) mapping(string => Accountinfo) Zhejiang_account_infos;
1204~ MerkdeTree(0x00000001) mapping(string => Accountinfo) Shanghai_account_infos;

mapping({address => Companyinfo) string_map; \
MerkleTree(0x00000003) Country countriesp(j; 1010
/ \
1206 1014

FIG. 12
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1300

pragma sclidity >=0.4.22 <0.6.0;
contract TestContract {
1009-" struct Accountinfo {
address account_id;

uint age;
bool gender;
string memao;
}
1302 1304
/ /

MerkleTree(0x00000002) mapping(string => Accountinfo) Beijing_account_infos;
1306~ MerkleTree(0x00000004 ) mapping(string => Accountinfo} Chongging_account_infos;
(

1310~ MerkleTree(0x00000005) mapping(string => Accountinfo) Shr,/sl’zzhen_account_infos;

[

\
1308 1312
FIG. 13
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1500

J

Provide a group workd skale that includes a plurality of shards, in which each shard includes
ong of more world slales, sach world stale siores information about stales of
user accounts associated with the world stats, and sach shard is associated with 2 1 1502
blockehain thatinchudes one or more Hocks that store fransachion data associated
with the user accounts associated with the blockehain,

¥

Dynamically modify a number of shards in the group world state based on one or more
criteria, including at least one of (i) partitioning one of the shards into wo or more shards, (i)
merging two or more shards into one shard, (i} adding one or more new shards fo the 11504
group world state, or (v} removing one or more shards from the group world siate.

Generate a root hash valus of the group world state, i which the root hash value
represents a digital fingerprint of the states of the user acoounts

associated with the world states in the shards inthe 11506

group world state.

FIG. 15
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1600

J

Provide a first shard thatis assochied wih 2 firstset of user acoounts, in which the first

shard includes 3 first blockchain database and a first world stale database. The

first blockehain database inchides a first biockehain managed by a finst blockehain

network in which blockchain dala are stored on the firstblockehai through consensug of
blockehain nodes of the first blockchain network, The firstworld stale databass includes

a pluralty of world slates, sach world state is associaled with a plurality of user

acoounts, and each world stafe stores curent states of the user
accounts associated with e world siale.

11602

4

Partition the first shard info a second shard and a third shard,

Generate 2 first snapshol of the frst shard, in which the first
snapshot includes a snapshot of fhe first blackehain database ~1606
and a snapshot of the first world state databas.

Trim the firat shard to generate the second shard,
including removing one o meve workd states nthe
first world state database of the first shard to gererale 11608
a second world siate database hatincludss 2 second
subset of one or more world states in the first shard,

Trira the firat snapshot of the first shard to generats the third shard,
including removing one or more world states in the first world slale
datahase in the first snapshot fo generate a third workd stale database. - 1610
thatincludes & third subset of one or more world states iy the first
shard, it which the third subset of one or more world slates s
different from the second subset of ore or more world states.,

11604

FIG. 16
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1700

Provide a first shard of a biockehain ladger in which the frst shard ncludes afirst
blockehain database and a first world siate database, the first world state datebase 11702
includes a plurality of world stales, and each world state stores curvent stales ofthe
user accounts assoclated with the world sidts,

g

Generate a first copy of the first shard including & copy of the first bockchain database 1704
and & copy of the first world stale database. |

Generate a second shard by removing one or more world states in the first world shale 1706
detabase of the first shard, in which a sacond subse! of one or more <z
world staies in the first shard remains In the sacond shard,

(Generate a third shard by removing one or more world states in the first world slale
database n the frst oopy of the first shard, in which a third subset of cne or more world 1-1708
states in the first shard remaing in the third shard, the third subsat of one or more world

states is different from the second subsel of one or more world siales.

FIG. 17
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1800

J

Provide a first shard of a bicckehal ledger in which the frst shard includes a first
blockchain databass and a first world state databass, the first world state defabase 1802
ncludes a plurality of world states, and sach world state stores current stales of the ]

user accounts associated with the world stale.

A

Generate two or more coples of the fiest shard, each including a copy of the first 1804
blockehaln database and 3 copy of the first world slate dalabase. ’

4

Generale partifoned shards by removing one or more world states in the first shard and
the two or more copies of te first shard, in which & subse! of one or more world stales 1806
remains in each shard, and the sum of the subsets of one or more world states remaining
in all the shards includes afl of the world stafes
ariginally in the frst shard.

FIG. 18
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1900
Partifion a plurality of user accounts into at least a first sef of user 11902
accounts and a second set of user accounts.
Associate a first blockchain database and a first world state dalabase with the first set 11904

of user accounts, b which the first blockehain database includes a first blockehain
managed by a first blockehain nelwork in which blockchain data are stored on the first
blockchain through consensus of blockchain nodes of the first blockchain network,
The first world state database includes a plurality of world states, each world slate is
associated with a subset of the first set of user accounts, and each world state stores
current stales of the user accoun's associzted with the world state,

A4

Associate & second blockchain databese and a second workd stets databasewinthe &~ 1906
second set of user accounts, in which the second bockehain database inchides 2
second blockehain managed by a second blockchain network in which blockchain

data are stored on the second blockchain through consensus of blockehain nodes of
fhe second blockchain nefwork. The second world state database includes a pluraly of
world states, each world state is associated with 2 subsat of the second set of uger
accounts, and each world state stores current states of the user accounts associated
with the world slate.

¥

Generate a first hash value representing 2 digital fingerprint of the world states of 11908
the first world state database, in which the first hash value is generated based on
the roct hash values of each world state in the first world state database.

v

Generate a second hash value represeniing a digital fingerprint of the world states of 11910
the second world stale database, in which the second hash value is generated based
on the root hash values of each world slate in the second world state database.

FIG. 19A
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1900

X

11912
Store the first hash value at a block header of a first block of the
first blockchain.
¥
11914
Store the second hash value at a block header of a first block of the second blockchan.
11916
Generate a group world state root hash value representing a digital fingerprint of the
world states of the first and second world state databases, in which the group world state
root hash value is generated based on the first hash value and the second hash value.

FIG. 19B
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2000

X

12002

Partition a plurality of user accounts into at least a first sef of user
accounts and a second set of user accounts.

y

Associate the first setof user accounts with a first blockchain database and a first world state 1-2004
databass, in which the first blockehain database stores fransaction data sssociated with the
first set of user accounts, the firstworld state database inclides a plurdlity of world states,

and each world state is associated with a subset of the first set of user accounts.

Associate a second set of user accounts with a second blockchain database 1-2006
and a second world state database, in which the second blockchain database
stores fransaction data associated with the second set of user accounts, the
second world state database includes a pluralty of world states, and each
world state is associated with a subset of the second set of user accounts.

At a block header of a first block of the first blockchain, 12008
store a first hash value that represents a digital fingerprint
of the world states in the first world stale database.

7

At a block header of a first block of the second blockchain, 1-2010
store & second hash value that represents a digial fingerprint of
the world states in the sacond world siate daishese.

¥
Generate a group world state root hash value that represents 1-2012

a digital fingerprint of the world states in th first and second world
state databases based on the firsthash value and the second hash value.

FIG. 20
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2100

X

32102
Provide a group world state that includes a pluraity of shards, in

which each shard includes a world siate database. The world state
database ncludes a plurality of world states, each world siate
stores information about states of user accounts associsted with
the world state, each shard is associated with a blockchain
database that includes a blockehain that includes one or more
blocks that slore ransaciion data associated with He user
accounts associated with the blockehain, A first shard of the
plurality of shards includes a firstworld state dafabase that
includes a first sef of world states that store state information
about a first set of user accounts. A second shard of the plurallly
of shards includes a second world state database thatinclides 2
second sl of world states that store state nformation about a
second set of user accounts.

A4

2104

-

Merge the first shard and the second shard to generate a third shard, including merging the
first world state database and the second world state database to generate 3 third world state
database that includes a third set of world states thatincludes the first set of world states and

the second set of world states, in which the third set of world states store state information

about the first set of user accounts and the second set of user accounts.

FIG. 21
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X

21/32

PCT/CN2020/124073

Provide a group world state that includes a plurality of shards, in
which each shard includes a world stale database. The world siafe
database includes a plurality of world states, each world state stores
information about states of user accounts associated with the world
state, and each shard Is associated with a blockehaln database that
includes a blockchain that includes one or more blocks that store
transaction data associated with the user accounts associated with the
blockchain. A first shard of the plurality of shards of the group world
state includes a firstworld state database.

32202

Generate an intermediate shard by generating a snapshot of the first shard.

32204

¥

Remove one or more world states in the first shard to generate a second shard
that includes a second subset of one or more world siates in the first shard,

1-2206

¥

Remove one or more world states in the intermediate shard to generale a
third shard that includes a third subset of one or more world states in the
first shard, and the third subset of one or more world states is different
from the second subset of one or more world states.

1-2208

FIG. 22
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2300

Provide a group world state that includes a plurality of shards, in 12302
which each shard includes one or more world states. Each workd siale
stores information about states of user accounts associated with the
world state, and each shard is associated with a blockchain that
includes one or more blocks that store fransaction data associated
with the user accounts associated with the blockehain.

¥

-~ 2304

Dynamically modify a number of shards in the group world state based on a
result of a comparison of consensus processing at a first consensus node and
consensus processing at one or more other consensus nodes.

¥

- 2306

Generate a root hash value of the group world state, in which the root hash
value represents a digital fingerprint of the states of the user accounts
associated with the world states in the shards in the group world state.

FIG. 23
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2400

X

PCT/CN2020/124073

Provide a first smart confract that is associated with a blockchain
managed by a blockchain network in which blockchain data are
stored on the blockchain through consensus of blockchain nodes of

the blockchain network.

1-2402

¥

Provide a first Merkle free and a second Merkle tree to maintain a first world
state that is associated with  first set of user accounts, in which the first world
state stores data about current states of the first set of user accounts and current
states of the first smart contract. The first smart confract includes: first code that
specifies first data to be stored in the first Merkle free, and second code that
specifies second data fo be stored in the second Merkle tree.

12404

FIG. 24
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2500

X

24/32
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Receive 2 smart confract thatis associaled wih 2
blockchain managed by a blockehain nefwork in which
blockchain data are stored on the blockchain through

consensus of blockehain nodes of the blockchain network,

1-2502

¥

Identify first code in the smart contract that specifies first data and a first
Merkle tree.

12504

Identify second code in the smart contract that specifies second
data and & second Merkle tree.

12506

Store the first data in the first Markle fres.

12508

Store the sacond data in the second Merkle free.

12510

FIG. 25
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26@;@
Y\
Provide a smart contract that is associated with a 1-2602
blockchain managed by a blockehain network, in which
blockchain data are stored on the blockehain through
consensus of blockehain nodes of the blockchain network.

Provide a plurality of Merkle trees to maintain a world state that is associated 12604
with a sef of user accounts, in which the world state stores data about current
states of the user accounts and current states of the smart contract. The first
smart confractincludes first code that specifies which Merkle tree among the

plurafity of Merkle frees is used fo store a piece of daa.

FIG. 26

2700

Providing module _-2702

Dynamically modfying moduke 12704

Generating module _-2706

FIG. 27
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B3
/ Q3
f-
L)

[ Providing module 1-2802

Parttioning module 2804
[ Generating so-module 2806

| First trimming sub-module %’28@3

| Second trimming sub-module %2819

FIG. 28

2900
X

Providing module 2902

First generating module -2904

Second generating module L-2906

Third generafing module -2908

FIG. 29
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3000
§\4&
| Parttioningmodle 13002
] Fistassocingmodule 13004
i Second associating module ;f 3006
| First generating modue +9008
| Second generaing module 3010
I Fistsomgmodie 19012
| Second storing module §f39 14
I Third generating modue ¢~ 3016
FIG. 30
3100

Partfonngmodde  +-3102

First associating module 1-3104

Second associating module 1-3106

Frstsorngmode . +-3108

Second storig modde . 1971170

Generating module 1-3112

FIG. 31
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3200
§\
Providing module -3202
Merging module 3204
FIG. 32
3300
.
Providing module 3302
[ Generafing module 3304
First removing module 3306
Second removing modue }--3308
FIG. 33
3400
X
| Providing modue 1-3402

[ Dyramically modifing moduie_}3404

| Generating module }’3405

FIG. 34
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3500
0
Fist providng modue.~ |-9902
Second providing module -3504
FIG. 35
3600
X
Receiving module -7 3600
First identifying module 3604
Second identiying modde  |-—3606
First storing module 3608
Second storing module /,351G
FIG. 36
3700
X
[ Fistpovidngmodue 13702

Second providng module 13704

FIG. 37
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3800

X,

Provide 2 plurality of smart confracts associated with a plurality of 33802
user accounts, in which each smart contract is associated with a
corresponding blockchain managed by a coresponding blockchain
network, and blockchain data are stored on the blockehain through
consensus of blockehain nodes of the blockchain network,

¥

Provide a plurality of digital trees to maintain one or more world states thatare 2 3804
associated with the smart confracts and the user accounts, in which sach workd
state stores state data associated with af least one of a user account or a smart
contract. A first smart contract among the plurality of smart contracts includes first
code that identifies first state data and  first digital tree among the plurality
of digital trees for storing the first state data.

A

Provide a compiler configured to comple the frst smart contract into st - 3806
bytecode that can be executed by a virtual machine associated with the
blockehain corresponding to the first smart confract. The compiler is
configured to recognize and comple the first code such that the first
bytecode when executed by the virlual machine causes the first state
data to be stored in the first digial tree.

FIG. 38

3900
N

First providng modue 3902

Second providing module 3904

Third providing module L3906

FIG. 39
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4100

X

Provide a plurality of smarf contracts associated with a pluralify of L4102
user accounts, in which each smart contract is associated with a
corresponding blockehain managed by a corresponding blockchain
nefwork, and blockchain data are stored on the blockchain through
consensus of blockchain nodes of the blockchain nefwork.

k

Provide a plurality of digital trees to mainiain one or more world states 4104
that are associaied with the smart contracts and the user accounts, in which each
world state stores state data associaied with af least one of a user accountora
smart confract. A first smart contract among the plurality of smart confracts
includes first code that identifies first state data and a first digital free among the
plurality of digital trees for storing the first state data.

¥

4106

Provide a virlual machine associated with the blockehain corresponding to
the first smart contract, in which the virlual machine is configured to execute the
first smart contract o cause the first state data to be stored in the first digital tree.

FIG. 41

4200
X

First providing madule 1-4202

Second providing module 1-4204

Third providng modwe. 44200

FIG. 42



