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Abstract Blockchain technology has been highly evaluated for its contracts (contracts for sale, real estate contracts)
because of its excellent security, including integrity and non-repudiation. In a blockchain, these contract services can
be developed using a technology called a smart contract, and several blockchain platforms provide a programming
language for developing smart contracts. Bitcoin and Ethereum, typical blockchain platforms, provide the Bitcoin
Scripts and Solidity languages. Using these programming languages, we can develop the smart contract, a digital
contract that can be processed dynamically. Smart contracts are being developed in a variety of areas, but studies
of designs based on a blockchain are insufficient. In this paper, we propose a meta-model and a static/dynamic design
method based on Unified Modeling Language (UML) for smart contracts based on Ethereum. We propose a method
for static design attributes and functions of smart contracts, and propose a technique for designing structures among
contracts. Dynamic design proposes a technique for designing deployment, function calls, and synchronization among
smart contracts, accounts, and blocks within a blockchain. Experiments verify the validity of the design method by
applying the static/dynamic design method through real estate contracts.
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Stereotype Description 3 E%x'" ?_I 7 I I|:|_I' A DI'E .9_'IEE—|H EQ—I
<<Arduino> > Arduino Board gx_'!/%x_'! *E'l 7:" 7| lé'l
<<Digital Input>> | Digital Input Device
<<Digital Outout>> | Digital Output Device B ?_‘—TLoﬂ }\_1}]_:_ %iiﬂolgl iU}E ZﬂEE—HE | @1/%

<<Analog Input>> | Analog Input Device

<<Analog Outout>> | Analog Output Device

<<Value>> Input/Output Value of Digital and Analog 7 t‘ﬂ% == Z’: 9911‘:‘ - ]X]
g A7 71W]l UMLe| 2P vlAY S-S o]§-3fo] At
3]

Fig. 1. Class Stereotype for Arduino
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<<Contract>>
Contract_Name

OPTION attributeName : SOLIDITY_TYPE

OPTION functionName(pName:SOLIDITY_TYPE) : SOLIDITY_TYPE

Fig. 4. Design Notation of Contract
AEHEG A &9 AAl= Fig. 59 2t UML9
THE aUlE AREsH ZRAI(Visibility) el

option2 eI3e] Hlo]e] ERle LelriElel A A%

OPTION attributeName : SOILDITY_TYPE

OPTION = { external, public, internal, private, constant, payable }

SOLIDITY_TYPE={bool, int, uint, address, Arrays, string, Structs, mapping}

Fig. 5. Design Notation of Contract's Attribute
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OPTION Design Notation
external <<external >>
public +
internal <<internal>>
private -
constant < <constant>>
payable <<payable> >

Fig. 6. Design Notation of Attribute's Option
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OPTION fName(pMame;, :SOLIDITY_TYPE,) : (SOLIDITY_TYPE,)

OPTION = { external, public, internal, private, constant, payable }
SOLIDITY_TYPE=({bool, int, uint, address, Arrays, string, Structs, mapping}

Fig. 7. Design Notation of Contract's Function
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Function Notation :

OPTION  fName(pName : SOLIDITY_TYPE) : (SOLIDITY_TYPE)

Solidity Code :

function fName(SOLIDITY_TYPE pName) OPTION refurns (SOLIDITY_TYPE)

Fig. 8. Mapping of Contract Function Notation and
Solidity Code
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contract A {
function fun() {
B b = newB();
b.call( );

Fig. 10. Solidity Code of Contract's Association
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<<Contract>>
A

< <contract_inheritance> >
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Fig. 11. Static Notation of Contract‘s Inheritance

contract A{ ...}

contract B isA{ ...}

Fig. 12. Solidity Code of Contract Inheritace
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Fig. 13. Contract Interface Design
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interface A { ...}

contract B isA{ ...}

Fig. 14. Solidity Code of Contract Interface
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+ <<contract>> :
+ <<account>> :

+ <<block>> :

B

« <<deploy>> : AA| AGAA EEA]Q
Ao AEHE i

- <<create>> : 2454 (Proof of Work) ol Z1EH

E AA
<<sync>> : EEAQ] W9 AEHES 119 57]8)
AEAES} 278 B0l A 4 AES e AR
© 2 w33 of 3T}, Fig. 159 2ol A AelA T}
AR E507 wjZ7} o]Fo] A g YT AA G
% <<contract>> || <<account>> <<block>>
: myContract || : otherAccount || : otherBlock
myAccount
<<deploy>>
<<deploy> >
<<deploy> >

Fig. 15. Dynamic Design of Contract Deployment

(Concept)
Fig. 159 A7lol thal Go Ethereum[15]8 7 ol A
AEAES wjxshy] 913 == Fig 167 Zth

=

=

eth.account[0]7} @A A4S w3 Contract
Aow wixgs om it

o

=

=

> Contract.new ( message ,

, gas : '500000' })

{ from : eth.account[ 0] , ...
—_

myAccount

Fig. 16. Contract Deployment in Go Ethereum

<<block>>
: otherBlack

<<account>>
: otherAccount

<<contract>>
: myContract

X

myAccount

T
1
i
function( ) H

service( )

<<synee >
return

<<syncr >

Fig. 17. Dynamic Design of Contract Service Call
and Synchronization(Concept)
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> Contract.function.sendTransaction ( message ,

{ from : eth.account[ 0] , .., gas: ‘500000 })
—_—

function() of myContract  myAccount

Fig. 18. Contract Function Call in Go Ethereum
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| : myAccount | | : myBlock | | : myContract |

| : otherA

ccountl | : otherBlock |

| : otherContract

loop

[i=0;|i|z #account_of _chain ]

<<deploy>>
4’[ <<deploy>> }
| <<deploy>>

<<deploy>>

Fig. 19. Dynamic Design of Contract Deployment(Detail)

<<deploy>>
T

<<creater > U
T

| : myAccount | | : myBlock | | : myContract |

| : otherAccount |

| : otherBlock |

| : otherContract

T T
: function() o+

loop

[i=0;i||#account_of _chain]

<<syne>

<<synce>
<<syncr > H
i

Fig. 20. Dynamic Design of Contract Service Call and Synchronization(Detail)
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Property Contract System

Deploying
Property Contract

Agent Creating
Property Contract

4 <<include>>}
Ethereum Synchronizing
Property Contra

Fig. 21. Use Case Model of Property Contract

/Buyer

Property Contract
owner: [
swer: [ ]
Property Address < [ |

Property Area

L
ContractDate: [ |
L1

Contract Price

Contract
Fig. 22. Ul Design of Property Contract

FEAF Aloke] 2ntE AEHEES 93k FHHA=
Fig. 233} o] 371¢] AEHYER FA} EEA9
W] Alzgl @49l E59F Al digh ahve FAA
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B35k Aok AEHEQ Property Contracts ]
ZAEHE] ContractE 4 0“1 FAket A A

of virjzke] id= AW addressE 7HAAl EH AloFA 7}
T F471 9k

<<SuperContract>>
Contract
-owner_addr : address
_buyer_addr : address
-contract_date : stiing
-contract_price : uint

+contract()

<<SuperContract>>
<<SubContract>> Contractor
Property_Contract o _id-address
-property_address : string [———s -name : string
-property_area : string -*| -address : string
_phone : string

+identify(id:address):(bool)

N

+property_contract():(bool)

Fig. 23. Static Design of Property Contract
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<<Account>> <<Contract>>

Account Property_Contract

<<Account>>
agent : agent_p_c: owner :
Account Block

<<Block>>
ownerBlock :

<<Contract>>
owner_p ¢ :
Property_Contract

<<create>> r:|

loop E

[i=0:i < #account of chain ]

<<deploy> >
<<deplay>> <<deplogs>
<<create>>

Fig. 24. Dynamic Design of Property Contract Deployment
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<<Contract>> <<Contract>>
<<Accounts > <<Contract>> <<Account>> <<Account>>
agent:Account : Property_Contract ownerContractor : buyerContractor owner : Account || buyer : Account
9 perty._ Contractor Contractor i yer:
L property._contract( v |
<<create> > H
owner_addraddress, 4’1]
buyer_addr.address, <<create>>
_property_addressistring, J
_property_areastring,
_contract_date:string, check_owner ;= addrn)
_contract_priceint )
return check_owner check := checkAddtessiowner_addr) r]

check_buyer := identify(ouyer_addr)

heck := checkaAd{fress(b dd
retum check buyer | check ‘= checkiaddress(buyer_addr) i

alt

[check_owner == true &&

= _property_address
property_area
ntract_dats

property_area
contract_date
cantract_price = _contract_price

return true

[false]
return false

Fig. 25. Dynamic Design of Property Contract Creation

<<Account>> <<Contract>> <<Contract>> <<Contract>>
agent : agent_p c: owner_p_c: buyer_p_c:
Account Property_Contract N Property Contract [**| Property Contract

property_contract( ) H
loop |

[i=0;i« #account_of_chain ]

<<syncr>

<<syner>

5 sses

Fig. 26. Dynamic Design of Property Contract Synchronization

contract Property_Caonfract is Contract {
string property_address; rOpoTyL G
string property_area; R
string contract_date;
uint contract_price;

function preperty_contract(address owner_addr,
address buyer_addr,
string _property_address,
string _property_area,
string _contract_date,
uint _contract_price} public{

Contractor owner = new Contractor(owner_addr);
Contractor buyer = new Contractor(buyer_addr);
if (owner.identify{owner_addr) && buyer.identify(buyer_addr)) { Seou 25 201825
property_address = _property_address; Z
property_area = _property_area;
contract_date = _contract_date; . )
contract_price = _contract_price; g - Ll

Fig. 27. Property Contract Solidity Code

Fig. 28. Property Contract Ul in Mist Browser
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