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A Static and Dynamic Design Technique of Smart Contract based on
Block Chain
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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

< <Arduino>> Arduino Board

<<Digital Input>> Digital Input Device

<<Digital Outout>> | Digital Output Device

<<Analog Input>> | Analog Input Device

<<Analog Outout>> | Analog Output Device

<<Value>> Input/Output Value of Digital and Analog

Fig. 1. Class Stereotype for Arduino
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Stereotype | Description

Class

<<Protocol>> Classes that only provide interfaces

Used when you want to add a method

<<Category>> without modifying an existing class

Operation

<<Required>> Protocol methods must be implemented

Method that is not required to be

< <Optional>> implemented in Protocol method

Fig. 2. Stereotype of Object-C profile
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< <Networking>>
Account

Block

<<Contracting>>
Contract | |Transact|on |

| Attribute || Function |

<<Proof of Work>>

Fig. 3. Meta-Model for Designing Smart Contract based
on Block Chain
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<<Contract>>
Contract_Name

OPTION attributeName : SOLIDITY_TYPE

OPTION functionName(pName:SOLIDITY_TYPE) : SOLIDITY_TYPE

Fig. 4. Design Notation of Contract
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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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7] 913 RgRA 20 Hlo]E 279 Wolt) }x
29| W= Arrays, string, Struts, mapping ©] Sth
mapping WFE 719k o] WS AAT ] ARgate

et} 7FAJ Aol dldslie OPTION Fig. 63} 2]
public?} private> UML2] '+'9} <5 Ith= 2830,
external, internal, constant, payable< Z~H|#| 2 E}Y S

ol gsto] #-E-3hh

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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ghete] Areic) Wk 7128 doly el
bool, int, uint 2]ol] A FA2Fkl s1E3}= address 5
o] F71AQ1 diolH B4S AAST.

OPTION fName(pNamey, :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

AsdE @4 479 SUvE m= o) AR
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Function Notation :

OPTION  fName(pName : SOLIDITY_TYPE} : (SOLIDITY_TYPE)

Solidity Code :

function fName(SOLIDITY_TYPE pName) OPTION returns (SOLIDITY_TYPE)

Fig. 8. Mapping of Contract Function Notation and
Solidity Code
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<<Contract>>
A

<<contract_association> >

<<Contract>>
B

Fig. 9. Design Notation of Contract's Association

contract A {
function fun( ) {
Bb = new B();
b.call( );

Fig. 10. Solidity Code of Contract's Association



a7 83w A] A9 A6, 2018

+ Fig. 113} 2t JEJES
A&7 A= <<contract_inheritance>> 2~ E|Z &
< AHgstd, £8jHE =& Fig 129
& AMESte] A BAE T

1=

<<Contract>>
A

< <contract_inheritance> >

B

Fig. 11. Static Notation of Contract‘s Inheritance

contract A{ ...}

contract B isA{ ...}

Fig. 12. Solidity Code of Contract Inheritace

AEE ©

E QIEol~ ¥ A= Fig 133 2o
<<contract_implements>> ~H|#] Q. E}§)S o]-&3o] A
Agtt, 82 Fig 149} 20] interface o FolE o] &
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<<interface>>
A

| <<contract_implements> >

B

Fig. 13. Contract Interface Design

=

interface A{ ...}

contract B isA { ...}

Fig. 14. Solidity Code of Contract Interface
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<<contract>> : ZIEHYE 1B~
<<account>> : EE& X3l e AR QaEA
<<block>> : ZEHEE ¥dslal Y& BF QA&
B
ARl2 B8 g HAE 918l vt 22 ~HE
Q. EFYE Aotk
- <<deploy>> : @A AGNA EZFAA W HE

Agos AEYE W%

- <<create>> : <35 8(Proof of Work) Sl Z1E]
E A
<<syne>> 1 BEAY W] AEAEE 7he] E7)5
AsdEs} 2715 99 AR 5 A oe A4
o= wjzalof g Fig. 159} o] dA| AgelA o2
AR E50 w37} o] Fo] A 5 =5 AAF
% <<contract>> || <<accounts> <<blocks>
: myContract || : otherAccount || : otherBlock
myAccount
I <<deploy>>
<<deploy>>
<<deploy>>

Fig. 15. Dynamic Design of Contract Deployment

(Concept)

Fig. 15¢] AAlo W3] Go Ethereum[15]3+ 7 ol A
AEHES wj¥slr] 3 F=+ Fig 163 2t}
eth.account[017} &) A4S 2v]shH Contract & T
2 Adox WEae ona,

> Contractnew ( message ,

{ from : eth.account[ 0] , .., gas: ‘500000 })
—_
myAccount
Fig. 16. Contract Deployment in Go Ethereum
% <=contract>> || <<accounts>> <<block=>
: myContract || : otherAccount || : otherBlock

myAccount

function( )

service( )

<<sync>>
< <synes>

Fig. 17. Dynamic Design of Contract Service Call
and Synchronization(Concept)
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2t} Contract.function ©] Z1EHAES] 7|58 58-S

omjsir] v Aol wiEd AEHES} 57517 Hot.

i)

> Contract.function.sendTransaction ( message ,

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

function() of myContract  myAccount

Hj 27} o] Fox o} gt} WHEE-S Fal| wjaErl o] F
A o2 Age] EEol w7t Fof ATt olw A
A(<<create>>) APFrgo] o] Fojx EZAQL Wl
A =S 9,]1:1]8}1:}'

WEs F2

w 74] o7

=)E Kkl <<syne>> #7]E o]83te] E71skdS A
gtk 75 3% A REEA] 55 bl 573 2AE

4. ¢ 5 37t
Fig. 18. Contract Function Call in Go Ethereum
2 Apl ol AE Ak 2nke AEdE 47
Mzt F718k e E5AQ FRF elA Fasmr A A7 7IMS AS8] 918l Fig. 21, Fig. 229 &
AAZF fARIAIRE AEYE We] 75l thet 54 A st AlokS 9% Ve Aol dAe A
= wH th2A AAE ook gt glstr] flal L2l <ojE o]&ste] T
Fig. 19%= Fig. 159 AEAE w)xo] o8] 48 5
2 AAolth wjEe EEAQ el d4dE 55 1
| : myAccount | | : myBlock | | : myContract | |:otherAcc0unt| | : otherBlock | | : otherContract
loop i
[i = 0:|i |< #account_of _chain ] |
%.Hi <<deploy>> H i
<<deploy>> :
<<deploy> > N <<creater> H
Fig. 19. Dynamic Design of Contract Deployment(Detail)
: myAccount | | : myBlock | | : myContract | | : otherAccount | | : otherBlock | | : otherContract
i function{) i

loop

[i=0;i

#account_of _chain ]

< <EYNCH > [
[

<<synce >
<<synce> U
1

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

Ethereum

YA <<includess!

Synchronizing
Property Contract

Property Contract System

Deploying

Property Contra

Creating

Property Contract

7

Owner

s

Fig. 21. Use Case Model of Property Contract

Property Contract
e —
Property Area

Contract Date : |

Contractprce: [
Contract

Property Address :

Fig. 22. UI Design of Property Contract

53 Aok AnE HEHES 99 A
Fig. 233 7 stk &

Bl Ak AEHES Property Contracts A+
ZAEHES] Contracts 45 wrov &

= —

vjE s

Fig. 23.

< <SuperContract> >
Contract

—owner_addr : address
-buyer_addr : address
-contract_date : string
-contract_price : uint

+contract()

i

7 k.

< <SubContract> >
Property_Contract

<<SuperContract> >
Contractor

-property_address : string
-property_area : string

=

+property_contract():(bool)

#| -address : string

-id:address
-name : string

-phone : string

+identify(id:address):(bool)

Static Design of Property Contract

Ak} TRk 7g
= ¥3F3l1 Q1= Contractor2} AATAE 7t} A
oF vjmiz}e] idE AR addressE 7FAIAl Hw Al2FA 7}

718k A

53 Al HEHES] J2 HAE 7|9to R Fig
248} 2ol Ak 7l e 54 sEs AT
agente -5t AR AL wlsh AR 23]
Property Contract’} A4 ®c) AAE AE

Aoz AAR AREAAL, Al Al i 2
Zke] Aol =" AA)E ATt EE5AN L
2 AAsy] oldeEgol e AA 1l etherE 433}
of BEEAYE Pt & AEAFIME ethers
Saote]l EEANE FYcte sHAAE Adth
H5t AlRS: 517 913 AEYES] property contract()
S 38 L efrAkel iRk Al
Faok 718t Al A ARE JEshd Al
A& ZAEHEL] Property Contract, Contractor 2]
2B~ AEYEE 7t 2 Afatel FuialE Bl

o}, giglo] Mels Aok Pl HHE Property Contract
Z

i
f
>
2o

54 Ak AEHE. g
273} 2t} Property Contracts AH¢]
Contract & 74 Wwom A& F4 gels S8
Contractor 2} AFAAE ZE=T} property contract()
715l Ug 53 A= Fig 259 FLsith

A AA G FAAAE 7o R ot o® T
¥ 3PS Fig 287 2tk A3 4L 124711 Mist
EeheA[16]5 Fal Antd o] Aaakalt). Fig. 280
A1} Zo] Owner®t Buyer’l 71818 E3 54 7

o

$A Ao AAES Afeln g

<<Account>>
agent :
Account

<<Contract>>
agent_p c:
Property Contract

< <Account>>

Account

<<Block>>
ownerBlock :
Block

<<Contract>>
owner_p_c:
Property_Contract

<<create> > ’_J

li=

loop ||

0; i < #account_of_chain ]

<<deploy>>
<<deploy> >
% <<deploy>>
<<creater >

Fig. 24. Dynamic Design of Property Contract Deployment
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<<Contract>> <<Contract>>
<<Accounts > <<Contract>> <<Account>> <<Account>>
ownerContractor : buyerContractor :
agent:Account : Property_Contract Contractor Contractor owner : Account || buyer : Account
. property_contract( in E
<<create> > H
owner_addraddress,
buyer_addraddress, <<creater>

_property_address:string,
_property_areastring,
_contract_datestring, check_owner = —_addr)

—

_contract_priceuint )
return check owner check ‘= checkAddtessiowner_addr) ’.]
check buyer = identify(buyer_addr)
= y
retum check_buyer H:' check := checkAddiress(buyer_addr) =
U
alt
[check_owner == frue &8
check_buyer == true]
property_address := _property_address
property_area property_area
contract_date ontract_date
contract_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 | ** Property Contract |**| Property Contract

property_contract( )

loop ‘

[1=10;i < #account_of chain ]
<syne >
<<SYNCE > r
L e 'LJ

Fig. 26. Dynamic Design of Property Contract Synchronization

contract Property_Contract is Cantract {
string property_address;
string property_area;
string contract_date;
uint contract_price;

function property_contract(address owner_addr,
address buyer_addr,
string _property_address,
string _property_area,
string _contract_date, . 0x111C9BF5FC332
uint _contract_price) public{
Contractor owner = new Contractor(owner_addr);
Contractor buyer = new Centractor(buyer_addr);
if (owner.identify(owner_addr) &8 buyeridentify(buyer_addr)) { : 201825 20
property_address = _property_address; =
property_area = _property_area;
contract_date = _contract_date;
contract_price = _contract_price;

Fig. 27. Property Contract Solidity Code

Fig. 28. Property Contract UI in Mist Browser
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