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Abstract: Smart contracts have attracted increasing attention with the continuous development of
Blockchain. However, the uncertain status in law severely limits their practical applications.
Abased on this situation, Smart Legal Contract (SLC) is proposed as a transitional technology
between legal contracts and smart contracts. Starting with the basic concept of smart contract and
smart legal contract, in this paper we discuss the legalization of smart legal contracts based on the
requirements of existing legislation items, and point out that the legalization should meet three
elementary principles, including the specified grammatical requirements (for eliminating
pragmatic terminology), the principle of non-empowerment (for resolving inherent contradiction
between automatic execution and the rights of parties), and the examination criteria (for handling
legal validity and code security issues ). Moreover, we analyze SLC’s legal effect by taking typical
smart legal contract languages, SPESC and CML, as examples, and indicate that the contract
program or Chaincode has the same legal effect as the original contract, if and only if they satisfy
three necessary conditions, 1) adopting the generation and conclusion of SLCs; 2) complying with
three elementary principles mentioned above; and 3) agreeing on declaration with the same legal
effect, need to be met. In addition, by means of investigating the smart contract architecture and
deployment process, this paper demonstrates the legal status of both contract program and
compiled Chaincode based on the legal analysis of the deployed smart contract. We finally discuss



TERZFIR

and evaluate the current situation of smart legal contract logic models and language models. The

above work shows that the research on smart legal contracts is one of candidate approaches to

guarantee the legal status of smart contracts, and the results will contribute to grasp the future

research directions in several fields, such as contract logic, arbitration process, and formal

verification, from the perspective of existing legislation.

KEY WORDS smart legal contract; domain specific language; data massage; principle of

legalization; blockchain
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Al (RYEHD) SEIUE AT GRS RF AR AR, BHE, 20k REEERRPTHL
Article 464 A contract is an agreement on the establishment, modification, or termination of a civil juristic relationship between]
persons of the civil law.

A2 (RiEf) BUE-ETF GEMABTHSEALE, —REFE IR () BHRARERRF LR () 4
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e
Article 470 The content of a contract shall be agreed by the parties and generally includes the following clauses: (1) name o
designation and domicile of each party; (2) objects; (3) quantity; (4) quality; (5) price or remuneration; (6) time period, place, and
manner of performance; (7) default liability; and (8) dispute resolution. The parties may conclude a contract with reference to th
various types of model contracts.

A3 (RYEHD) SB—E )\ BATHIAREAT IR I LSH, ARERFTUE. FEEAAHUER, KEHEME.
Article 180 A person who is unable to perform his civil-law obligations due to force majeure bears no civil liability, unless
otherwise provided by law.
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AT LA R, PR SRR — 7 B2 208 241 I 0 1 5 24 35 N Z () BBURIAN L5, R 2R 10 5 o xt 7
R R EE R L TS 5X A ERME R R K, IR, X2k T B . SR A U3 — 7
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Article 496 A standard clause refers to a clause formulated in advance by a party for the purpose of repeated use which has no
been negotiated with the other party when concluding the contract. Upon concluding a contract, where a standard clause is used
the party providing the standard clause shall determine the parties’ rights and obligations in accordance with the principle o
fairness, and shall, in a reasonable manner, call the other party's attention to the clause concerning the other party’s major interest{
and concerns, such as a clause that exempts or alleviates the liability of the party providing the standard clause, and givd
explanations of such clause upon request of the other party. Where the party providing the standard clause fails to perform thg
aforementioned obligation of calling attention or giving explanations, thus resulting in the other party’s failure to pay attention to o
understand the clause concerning his major interests and concerns, the other party may claim that such clause does not become parf
of the contract.

A5 (RIEHD) SBIUE % A TIMBIRZ — 0, KRR (—) B REE R AT AL L EEN
FRE TG () AR — A S B B B AR DU X5 5348 BREIX 7 F AR (=)
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Article 497 A standard clause is void under any of the following circumstances: (1) existence of a circumstance under which thq
clause is void as provided in Section 3 of Chapter VI of Book One and Article 506 of this Code; (2) the party providing thq
standard clause unreasonably exempts or alleviates himself from the liability, imposes heavier liability on the other party, o
restricts the main rights of the other party; or (3) the party providing the standard clause deprives the other party of his main rights.

A6 (RyEH) HHEFNK GBI RTTFRER: () BRXTANGHERN: (2D FHEEE B R IE 7]
i FENI B
Article 506 An exculpatory clause in a contract exempting the liability on the following acts are void: (1) causing physical injury td
the other party; or (2) causing losses to the other party’s property intentionally or due to gross negligence.

A7 (RGBS FWEN TN A FSCRR A PR DAL SC 3T SR 258 A RIS RO, X & SO ) ) 4k € B AR 1]
B FSCRERRIATA B, BRI S RIS TEEL. B I RUR A 55 7 AR
Article 466 Where a contract is made in two or more languages which are agreed to be equally authentic, the words and sentence
used in each text shall be presumed to have the same meaning. Where the words and sentences used in each text are inconsistent
interpretation thereof shall be made in accordance with the related clauses, nature, and purpose of the contract, and the principle o
good faith, and the like.

A8 (REM) HWEANHK BHENTLAR, TeLRABIER. 03opReis K. BmEeama. &,

Rk, AL ST DR BRI N AR, D T8RS iR SR A TR BTN A,
AT A8 B A O P i RS, MR 3.
Article 469 The parties may conclude a contract in writing, orally, or in other forms. A writing refers to any form that renders thq
content contained therein capable of being represented in a tangible form, such as a written agreement, letter, telegram, telex, o
facsimile. A data message in any form, such as electronic data interchange and e-mails, that renders the content contained thereir]
capable of being represented in a tangible form and accessible for reference and use at any time shall be deemed as a writing.

A9 (B H—E M=% A& FAXRGENRINERIT AR (—) TR ARFHEMKRFT AR (7)) BERA
B (Z) AEIER. TBOEMA R E, AEE A RAE.

Article 143 A civil juristic act is valid if the following conditions are satisfied:(1) the person performing the act has the required
capacity for performing civil juristic acts; (2) the intent expressed by the person is true; and (3) the act does not violate any
mandatory provisions of laws or administrative regulations, nor offend public order or good morals.

B2 (hEAR#EMERZER) ERZEHR
Fig. 2 Excerpts from Legal Items in the {Civil Code of the People’s Republic of China)
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Contract module

Module description Grammar definition
name

Contract framework Contract ::= Title{ Parties+ Assets+ Terms+ Additional+ Signs+}

The contract title may consist of the of the contract name and the Title ::= contract Cname (:serial number

Contract title
contract number. Chash)?

The description of contract party can include the party’s name,
address, account number, and other attributes and values owned
Contract party by this party, and technical measures such as the party’s identity

authentication can be adopted to ensure the uniqueness of its

identity.

The contract subject refers to the object that the rights and

obligations of the parties point to together, which is generally
Contract subject divided into things, behaviors, intellectual achievements, etc.
Contract subject is represented by asset in the smart legal contract,
and the description of such assets should exist in the blockchain.
The asset expression used for the reference of a certain asset in AssetExpression ::= $ (amount)? (right
contracting terms. of)? Aname

Parties ::= party group? Pname

{field+ }

Assets ::= asset Aname{ info{ field+ }
right{ field+ }}

Asset expression

The party can deposit assets voluntarily from his party account to
contract account. The deposit operation is applied into the
transaction of action execution in the term, in which the party can

Deposit designate the deposited assets directly by asset expression, and Deposit = deposit (value
i - . . . .
P restrict the assets through comparing two values by relational RelationOperator)? AssetExpression
operation to determine their relationship. The latter is used to
Asset .. . . .
! grant the permission for transferring the designated assets only if
operations . .. .
the relationship is satisfied.
The party can withdraw assets from contract account in the
Withdraw execution of terms, where the assets are designated by the asset Withdraw ::= withdraw AssetExpression
expression.
Transfer The party can transfer assets from contract account to other party  Transfer ::= transfer AssetExpression to
account in the execution of terms. target
General terms include the term’s name, the term’s parties, the GeneralTerms ::= term Tname: Pname
rights and obligations of the parties (actions that must, can or are (must|can|cannot) action(field+)
General L . .. PSR
terms prohibited), the execution conditions of the term, the asset (when preCondition)?
transactions, and the post-conditions to be satisfied after the (while transactions+)?
execution of the term. (where postCondition)?.
Breach terms refer to the legal liability to be assumed when the
arties agreed by both parties do not perform the obligations
p . & . Y p P & N BreachTerms ::= breach term Bname
stipulated in the smart legal contract or perform the obligations (against Tname+)? : Pname (must|can)
Contract that do not conform to the contract. When the post-condition of g N
terms Breach . . . .. action(field+)
the designated terms is not satisfied and the pre-condition of the .
terms . . . (when preCondition)?
breach term is satisfied, the related party must or can take action . i
. . . (while transactions+)?
for setting the defaults, which may require to enforce asset e
. . " (where postCondition)?.
operations and satisfy the post-condition of the breach term for
the result of enforcement.
Arbitration Arbitration terms stipulates the method to solve controversy in AvrbitrationTerms ::= arbitration term :
1 1 .
terms smart legal contracts. The specific controversy can be stated by (The statement of any controversy)?
nature language and an arbitration institution may be designated. administered by institution : instName.
Additional information can define necessary supplementary
Additional information in smart legal contract, including entity’s attribute, Additions ::= field + | (addition Dname
information contract object, the property and signature of guarantor, additional {field+})

term, program variable, and the declaration of data structure.
3 SPESC T&EIEE!
Fig.3 SPESC grammar model

SRS A S ThRE . A AT R REVE RS AT BB A — & AR 2R T AT
2) WMIESLHLMARERBERES AT TEE B, BRI RS RA MG — 1R s
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H5¥aak: kAL EE LRI MO EN:, M H RS
3) HIFESEAPHAERSGHEANRER, B FRsH58REESHAEAFMANEERR, I

F IR e 425 1] R S A S L o AR IR S LA IE1TE B

FEALFRI i1 52 LA SPESC HRERIA A 1 — 2020 4E, Maximilian Wohrer %8 A 7 3C % [27]
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1 contract SimpleAuction{

: Money, biddingTime : Date)

£

3 party group bidders{

4 amount : Money

5 Bid()

6 WithdrawOverbidMoney()

7 ¥

8

9 party auctioneer{

10 StartBidding(reservePrice
11 StopBidding()

12 }

13

14 highestPrice : Money

15 highestBidder : bidders

16 BiddingStopTime : Date

17

18 term nol : auctioneer can StartBidding,

19 when before auctioneer did StartBidding

20 where highestPrice = reservePrice and BiddingStopTime = biddingTime + now.
21

22 term no2 : bidders can Bid,

23 when after auctioneer did StartBidding and before BiddingStopTime
24 while deposit ¢ value > highestPrice

25 where highestPrice = value and highestBidder = this bidder and

26 this bidder::amount = this bidder::0ri amount + value .

27

28 term no3_1 : bidders can WithdrawOverbidMoney,

29 when this bidder isn't highestBidder and this bidder::amount > @
20 while withdraw $this bidder::amount

31 where this bidder::amount = 0.

32

EE} term no3_2 : bidders can WithdrawOverbidMoney,

EX when this bidder is highestBidder and this bidder::amount > highestPrice
35 while withdraw $this bidder::amount - highestPrice

R6 where this bidder::amount = highestPrice.

37

38 term nod : auctioneer can StopBidding,

39 when after BiddingStopTime and before auctioneer did StopBidding
10 while withdraw $highestPrice.

i 3

[ 4 SPESC REMIZL A
Fig.4 Bidding contract written by SPESC
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()& e A T
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A, R ABE RIS, R IR B/ A
Wrosgds, WaELbRiRR MRl B2 %R g4t
B2 N A NV O 5/ AN Tk S SN 4 1Y ik 3

5. HRtSARGRMEERUHT

5.1 FEESHRMA

BREG LT BB R A AR R, WG
L6 BAT R IR, DA ERBEOV LA, & fE
LT GEERBEEFENSEES, RN LE
PASEHUAT R A E S #5281, & RE5 207 6 1291E X
L

EX 6 (HRELAFE): FRaHFERE—

217 RiErIfE

MXFE RS TIITEFTE. BT
BEME RS

Check/update;
write back status

[

5 XIRBERES LBA S

Blockchain System

Fig.5 Blockchain smart contract common architecture
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33, REREELT &P R RS
@ FIE I 2 2% K Mk A 37 s A LU 2 E 3

FITE 2T I 500 L A L S il R SR AT AR
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of smart legal contract
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Fig.6 Transformation relationship and related elements diagram of smart legal contract in this paper
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T/ RSB T — A SR E R AR
THLMHH (DR-CONTRACT) . 7EIE S #1H)
BEml BXG N T ORI AL, A6 R AT IR R R
(deontic defeasible logic) KALHEA [FELI1H .

2015 4F, Florian Idelberger &5 N0 312 45
MERAEAES UERTELEST (procedural
language). M ELHPATE REER, HkiE0E
SR EGAMMEFEMAE B S, R EAEZ
BARPIMEPAT T B m e pREs, FEE
LA Gy AES AN I o T2 T8 AR 1 TE F AT DA A iX
A TE) R, RO R AS R R R AT, I BB )
7 WK B I e vt

2016 4F Frantz %8 NAE TSR iE S ARHE M)
HEETEYE (ADICO) B 18 ABLAT LA & [F)
Ha R R A AT, K% ADICO At
WL AR Solidity 2544, BLHEA KA ZoHbhk
BUiER A PR BREHELE, (H 2 i oK S ok £l 3= 4R A
Solidity iAo

2019 F F B S NBILIZRTE (Commitment) 1F
REEAR TR T A A E R R A 2T AAE
5, RERRNCEKy,p.te), RERBEN x [
AN y M zA&E, WARFR p B A4S
ro FPRTAERWIALREGEMN HB%EE, FEgE
5 I ST AR (R T R K R
6.2 FEEZEESHNITSIHRMAR

UL TR FAE 4.2 47 O 3 RER M SR
G, TS AR G AL B HAR AR L

SCHR[44152 T — P FR A Simplicity (1) D fg %
BE, %S E T R R ST,
T2 R RO () B URE FE I HBR, 7ERAT Z BT TH 5
HH EGARE T A AS R DL DR 5 R DL H ) B U5 9
ATl P e A 20 TS 2 10

RR[4S]HR M T A A AR RS AES
(Findel), # HEM\&RLHMA R T AL T LR
BahE ket B4, BFRIEX. Findel #idH
PR & B ESRE. B, WF=RRERW
HERME Y. HAEARAERIN—NEREN, W
THTR:

| And(Give(Scale(10,0ne(USD))),
“» | At(now +years, Scale(11,0ne(USD))))

ZRIBEAF R HAEANREFKAEZ 10USD, —4F
JEEH L E 11USD. HI AT AL, Findel #]LLFRIR
BARNFRANE R EREL), HEECREER
ES, H—MEARGEW AN SHN, Thaesh
B, RIKREIA K.

SCHR[46) AP B2 5 22 M HFRER T —Fh 2k
HAR B A 215 S (SmaCoNat). WK 7 Frow,
SmaCoNat &ZJAEELK. KA 557 il
HM Hd, A%, P F45 KT
SPESC HELIAHR. HFHN. &K, ME~5W
W3 R A B 20 TR 8 B IR B8 7 DL RORT 5 7 B
1t SmaCoNat Xf T~ 55 = i th 1 55 i B AR (1) 4348 5 R
5, BRI RS OBARIEWAES AT
55, RSCREX T B = R (AR, DRt B VG
BN @BA XTI fEEd, SAmAFEEZ
[ AH BT, AGE B 3T IR, SR ) 5%
AU SER; QLIEH AT HATHE RS
LIRS -

1 Contract in SmaCoNat version @.1.

1§ Involved Accounts:
1 Account 'BarrierIn’ by 'AComp' by Genesis alias 'BarrierIn’.
s Account ‘BarrierQut’ by 'AComp’ by Genesis alias 'BarrierOut

7§ Involved Assets:

s Asset 'TheCoin' by Genesis alias 'TheCoin'.
s Asset 'ParkTicket' by Self alias 'Ticket'.
w Asset 'OpenBarrier’ by Self alias 'Open’.

i
1z § Agreement:

13 Self issues 'Ticket' with value 42.
1 Self issues 'Open’ with value 1.

s § Input Event:
17 if Input is equal to 'TheCoin' from Anyone
isand if value of Input is equal to @.3
w then
Self transfers 'Ticket’' with value 1 to owner of Input.
erIn

Self transfers 'Open’ with value 1 to 'Barrier
Self issues 'Open’ with value 1.

= endif

u

» if Input is equal to 'Ticket’' from Anyone then
Self transfers 'Open’ with value 1 to ‘BarrierOut’.
Self issues 'Open’ with value 1.

= endif

7 SmaCoNat &£
Fig.7 Contract written by SmaCoNat
SCEATIRME T —ANET B S A R RS 2 AR
2%, FLHE ORI P SO0 AR5 R 450 0 IR AT G
B, SR 5 R i SR VR 0 25 4 R B OF T AR I 4
W, A& 4t A A TE g X DR R e
2. KBRS 5 R U A NS A ATE 5
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