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An Advanced Smart Contract Conversion and
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Abstract As second-generation blockchain technology, smart contracts have greatly enriched the functional
expression of blockchain to make application development more convenient. Smart contracts are a set of
digitally executable protocols which concerns business, finance, contract law, and information technology. In
recent years, advanced smart contract languages (ASCLs) have been proposed to solve the problem of difficult
reading, comprehension, and collaboration when writing a smart contract among people in different fields.
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However, this kind of languages are still hard to put into practice due to the lack of an effective conversion
method from the ASCLs to executable smart contract programs. Aiming at this problem, we propose a
three-layer smart contract framework, including advanced smart-contract layer, basic smart-contract layer, and
executable machine-code layer. After comparing and analyzing the pros and cons of several ASCLs, we take
SPESC as an example to explore how to design conversion rules from its contract to target language contract in
Solidity. We specify the conversion rules from two aspects. One is program architecture of the target language,
which consists of main-contract and party-contracts. The corresponding rules provide an approach to convert
the definition of SPESC-based contracting parties into party sub-contracts on target language, as well as to
produce the rest of SPESC contract into main sub-contract on target language. The other is the approach to
specify not only program architecture and storage structure on basic smart-contract layer, but also important
mechanisms, including personnel management, timing control, anomaly detection, etc. These mechanisms can
assist programmers to semi-automatically write smart contract programs. Moreover, by introducing the notation
of group, the SPESC-based smart contract can support the operation of dynamically adding participants into the
contract. We also veify the legibility of SPESC and the correctness of the conversion process through two case
studies. First, we invite some students from department of computer science and department of law. They,
divided into four groups, are asked to read voting and auction contracts in SPESC and Solidity, and answer
questions designed for the contracts. The result shows that the speed of reading SPESC is about twice as fast as
that of reading Solidity, and the accuracy of reading SPESC is higher. Then, taking the auction contract as an
instance, we analyze the process of bidding contracts and compile them into contracts in SPESC, and then
provide the whole process of converting from a SPESC-based contract to an executable contract program in
Solidity according to the above conversion rules, and verify the correctness of the conversion process, including
coding, deploying, running, and testing, through Ethereum private chain. The instance results show that the
conversion rules and the three-layer framework can simplify the writing of smart contracts, standardize the
program structure, and help programmers to verify the correctness of the contract program. In our future work, a
formal representation shall be established on the existing SPESC language model. Through formal methods, we
can further provide formal analysis tools to verfy pre-and-post conditions of contract terms, as well as time
sequence between terms. Secondly, in view of the correctness of the generated Solidity target code, we can
continue to improve the generated target code based on existing researches on analysis or detection
vulnerabilities, optimize the program structure and specifications, and enhance the security of the contract.

Key words Smart Contract, Domain Specific Language, Code generation, SPESC.
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1 Contract in SmaCoMat version @.1.

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

7§ Involved Assets:

s Asset 'TheC by Genesis alias 'TheCoin'.
s Asset 'P. t' by Self alias 'Ticket'.
o Asset 'OpenBarrier’ by Self alias 'Open’.

f
iz § Agreement:

s Self issues 'Ticket' with value 42
b4 Self issues 'Open’ with value 1.

s

e § Input Event

7 if Input is equal to 'TheCoin' from Anyone

s and if value of Input is equal to 0.3

s then
Self transfers 'Ticket' with value 1 to owner of Input.
Self transfers 'Open’ with value 1 to 'BarrierIn’.
Self issues 'Open’ with value 1.

s endif

1
s if Input is equal to 'Ticket' from Anyone then
Self transfers 'Open’ with value 1 to 'BarrierOut’
Self issues 'Open’ with value 1.
i endif
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Patient(? patient) » hasGender(? patient,? gender) »

swrlb: equal(? gender " Female") ~ hasAge(? patient . age)

rswrlb: greater TheamOrEqual(? age. 6) — Eligible(? patient)
(a)
" patient _prop _check _array"

["operator" " eguals"," value" :" Female"," property" " gender",

"operator" ;" greater ThanOrEqual","value" " 6" " property" " age"]
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contract SimplePurchase2{

party Seller{
post()
collect()

}

party Buyer{...}

info : ProductInfo

term nol: Buyer can pay....
term no2: Seller shall post
when within 5 day after Buyer did pay|
term no3: Buyer can confirmReceive...
term nod: Seller can collect....

type ProductInfo {
price : Money
model : String
¥

¥
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highestPrice : Money
highestBidder : bidders
BiddingStopTime : Date

party group bidders{
amount : Money
Bid()
WithdrawBid ()
}
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party auctioneer{
StartBidding(reservePrice : Money, auctionDuration: Date)
CollectPayment ()

¥
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auctionDuration.

2) FAFRFHMIER: ASZhEER

B MNMRREONTEMRA, LR T AR, B
ANARRNTERNER, ik T ArRE LN, 5
AR HWIER, g TSR A R T

FEBEALE SCHIE B gl B X g, M
TRAE X BRBEA DL 115 B 24 RTRES, b aids
EAPATERE PR P PAT IR P SRS . BT IX
PR B A TR A R, PRAE TR RS
ZPPES A AT B EAT A B e, B REG 25 Xk
B — T RS AR DI B

3) Fi: AELPAAALTIRFN:

RS =TSR B A A, A=,
i F N AR, Rl OIHR T
QAN IO, HARUURE T R A 3l
SEKo

A AR T AIEN N5 KN, HASC R
Solidity Jy H#RiE 5, WEEIY1 i, R B A
F NG gt A AR, 1k A E CiUk
HE A, Ht, S &L e 2%

2
A o

LETEE

Bl 7 Petri MFRIHA T FOR A

W 7 fraw, i Petri RIS T HASEE R
WEHKRE, b, 5245 NIURR S A EIE.
WEBEFE: AW Emh. g R. 5441k
EAREIT TR TR, IR, g
W IR, fEH R ES, RS O 5
PLE SR, HARVIRCAH P bR . iR 88U Rsh1E,
G50 2K

% 1 REFEHFZRE LT :

term nol : auctioneer can StartBidding,
where highestPrice = reservePrice and
BiddingStopTime = auctionDuration+ now.

32 N Cauctioneer) £ AUl & s 1E KL 55 4A
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hallif

T P RE A LI F 5 LA At 55 9

( StartBidding ), fEZNAE AT J5, 2400 & = A
( highestPrice > . Jy 41 32 A fii A 1 K fr
(reservePrice), i [H (BiddingStopTime) [
N ET ISR Cnow ) N _E a1 N 11 5% 411 457 2 1 (]

(auctionDuration)

K 2 i SE A & E (T

WRTELN (bidders) AN mHimeE, H
&4 fFA 4 (this bidder::amount > 0), #J LA
HY [A] e 24 524 (WithdrawrBid) « 26 3K AT B Ih S
%55 S N 4xics% (this bidder::amount) %A 0.

term no2 : bidders can Bid,
when after auctioneer did StartBidding and
before BiddingStopTime
while deposit $ value > highestPrice
where highestPrice = value and highestBidder = this bidder and
this bidder::amount = this bidder::Origin amount + value.

term no3_2 : bidders can WithdrawBid,
when this bidder is highestBidder and
this bidder::amount > highestPrice
while withdraw $this bidder::amount - highestPrice
where this bidder::amount = highestPrice.

RN (bidders) nfPAfERAISE N K SEIH ),
BAESEH4 T, &2k (deposit) HEATHIHT
(Bid). H, fEmEZANKETGEH after
auctioneer did StartBidding F7~, 1E 545 A ET H
before BiddingStopTime %7~. W) (value) K
T H Al s ChighestPrice), A ks dnif
HO DT EEET &S, R

HERAT DG, s A& Cthis
bidder::amount) RIS TR A A, R
NJTERRIE, Origin S8 R EATHT BUME,
YT R ChighestPrice) 5t i A
ChighestBidder) N yA i (value) 5 A
(this bidder).

K 3 B & AR T HRKE N T :

WRFTEEN R s, AU ashaa
%58 L N SE R P 42 (this bidder::amount >
highestPrice), 1] LAEX[EITERUI T4 o 25k IUAT Bk
G, ZseF NI N i m=i .

X 4 R TE R E AT -

term no4 : auctioneer can CollectPayment,
when after BiddingStopTime
and before auctioneer did CollectPayment
while withdraw $highestPrice.

term no3_1 : bidders can WithdrawBid,
when this bidder isn’t highestBidder and this bidder::amount > 0
while withdraw $this bidder::amount
where this bidder::amount = 0.

152\ (auctioneer) 7EsfART &5 MG, Hi%
AL Bk, AT LA SR K (CollectPayment) Jf:
B T ECH (withdraw)

7 BRRRREERK

AT T LA LRI T, $HiR SPESC 1 H
FRARRS AR B2, NI B4 5 471 SPESC &29H
4% Solidity £8HG .

7.1 BfrESEAYES
A I Solidity & 2953 AW 43 :
O HBEANEY: HUFENELERMEL,

contract SimpleAuction{

—

party group bidders{
amount : Money |

Bid()
WithdrawBid()
3

party auctioneer{
StartBidding (..}

CollectPayment()

}

highestPrice : Money

highestBidder : bidders
BiddingStopTime : Date \
term nol : auctioneer can StartBidding...

term no2 : bidders can Bid.....
term no3_1 : bidders can WithdrawBid.....
term no3_2 : bidders can WithdrawBid.....

term nod : auctioneer can CollectPayment....

| I
auctioneerT | | bidderstype I
- _auctioneerAddress : address | [ Diodersaddress -address |
~isStartBiddingDone :bool | | | | +amount: uint I
- _StartBiddingTime : uint |
~isCollectPaymentDane : bodl | A I
- CollectPaymentTime : uint _‘ | | |
+regist(address) : void I |
+getAddress() : address biddersT
+StartBiddingDone() :void | 1 | I
+StartBiddingTime() : uint | | - _biddersEntity : bidderstype[] I
+ CollectPaymentDone() : void - _userlist : mapping(address=>uint)
|+ ColectpaymentTime():uin: | | | |+ add(address) - void I
| I
| |

|

|

|

I ~ bidders : biddersT |
- auctioneer : auctioneerT

| - WghestPrice™ e — — — — — — — |

|

+ contains(address) : bool
+ getamount(address) : uint
+ setamount(address,uint) : void

Auction

1
o
S
i
yx}
5
5
:
g
=
=}
]
=
=
Py —

+ onlybidders(address) : bool
+ onlyauctioneer(address) : bool
[ + StartBiddinguint,uint) : void
+Bid() : void
+ WithdrawBid() : void
L+ CollectPayment() : void

8 SPESC 5 T4k pli & 2928 BT B 0 &R
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2020 4F

FEATTUEANANER, CREMMIIR S5
THAE R &R T RE

@ FEY: HHETPERNEL, FEQ
FEAREME X BHigs (Modifier) LA 44
7925

NI 43 N X P A T T ) AR RO R AT A

il 8 fw, KR T o SPESC H N MK
(1) Solidity & 5 36 K& 22K K, Hdid w4
¥R T SPESC jeR S5 HX MK &R, Solidity 155 3%
KELIL NEZAER I, MZAEL . EEAGL
5RLFMHEL.

L NG LS Angtidl. N5 BvE
587515V B T B PN 46 7K StartBidding
5 CollectPayment fJic 3%

oL NA LA R ERT SPESC A SLWAR
& amout 4L EE IR SIS, IR, A
BRI B0 7515 A K amount (1) 52 53R BT 1%

oSSR FAE G AP AR E X SPESC
= % Mt 15 B highestPrice . highestBidder .
BiddingStopTime )5 L LA K AR 48 Ti 5% 2% 3 AE B
Vg A~ J7 ¥ AR A 2 i #% C onlybidders .
onlyauctioneer). HHt, 23K 3.1 5 3.2 AWK Z[A
—ANEh{E WithdrawBid, Kt R A sl — AN 772

BEAh, ST 23RS, BT AR,
AT A B A 2 DLV R 7 SR AL, s ER
L NBARSIR . MIBRAMESE, IR 77
SRR EAE A, AR . T A
Slingct LoE 3 O E e e O s ok i 1
(Bid) FIEL[A[# 4 (WithdrawBid), Re7EA2)H
A AR PAT B 5 77, SR AT IS DA
Al DME X S g ], (EAEE LA RiTidx 54
B,

72 HEASHARER

A M HENIBE I MAE RN U FEANEL. H
THRENA I AMELE NGRS FEAPE (K
¥ 47D, Bk, UEAGLNSAMELFEANE
%3 (Individual Party-Contract) B4 45 A& 4
(Group Party-Contract) P35,

AN EYNER A PSS et Y&
TR, WL ZFMNEL) . FRSH
N & 290 H R A E A AR S L5417 AR 2
AAE, RN SEIAN N EL) . BERSE
NELGAMELH N XONET: BHESFEANEL

LG MU S SRR S BN A, ARSI 5
NI DAE LB AT RS A BOR H -
PIRHFEN G AL WA 9 B,

55 ME S57EE
N o R o
5 maEn T maEm
2| smmmEz . SEMTER
o £ Bifk|  BEE<E>
AmER LA LS mai<ibit, HALH
— oo}
’i RAHRE fﬁ—ﬁé AREE ;1;]122:
ST | BREH =
EBE | ZaEk ik | BIHRE B
o | EREH
A [ This

9 HFEANEGLLEN
FBO 1 43 NAMAAE T Solidity & 49 N 25 4%
F 53 R =AY o
D HHENEM. J9FEANMETELKAINE
fdE: WP b OB R TIE R, K
Hu IR P R ME— SRR, ORI P L X
el B BB MESEAE SPESC T P E
ALK I B, I e B VAR A T A S B ()
E 5IRITT
AT IE % Record A= AN R : X FHiZ 24
HANRE IR ES O PR KK L
3 {<_is|] t[) Done,_[J tOJ Time>:}
Record ::= ;
Vi,ted
Hrp, 0t0 FoRBUGGKEEEYL, ZBELUT
RIZtah 2 7 5P & BRI 7. Fln, xT
25K 1 X RN StartBidding, 4% iR DK A B
PSR isStartBiddingDone it 3 255K t A& 75k
1T5 M5 _ StartBiddingTime it 58 42K t $047 I [ .

//attributes of action StartBidding
bool _isStartBiddingDone;
uint _StartBiddingTime;

//attributes of action CollectPayment
bool _isCollectPaymentDone;
uint _CollectPaymentTime;

address _aucticoneerfAddress;

K 10 sz NG AR

o TP X B g I R K P ARG A .
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1 E K58 KA 2t 558 1

Wi 10 Fros, 5640 n s ARAPE SPESC
HE U@, (HEPATE %K StartBidding 1
CollectPayment, AN 5% 3k B3GR BN @ e, 1]
U: _isStartBiddingDone F1_StartBiddingTime. tt4h,
A5 & _auctioneerAddress 45 & H F-ic sk A sz A bk

2) NGUVEHE. R¥EUHE NSRS 2 ME,
A2 BN LA BT o AMAE B T A, BLAEE
TS EW =M. 58T inse N R Rk
NS &AL NHEP R %, Wi 11 B

function regist(address o) public {
_auctioneerAddress = a;
¥

function getfddress() public view returns (address a){
return _aucticneerAddress;
J

SRR YNI PN AL EZ VI RrS
3) FAPATE R XU ANMER RN,
AR PATIC R TT i, fERFPIT e Rl
a1 L1 PR SV i w7 DR PP A BB ey ik f TP 2B
NIFHRSEIR 26 OE A 12 .

function StartBiddingDene() public{
_StartBiddingTime = now;
_isStartBiddingDone = true;

¥

function StartBiddingTime() public view returns (uint )
if(_isStartBiddingDone){
return _StartBiddingTime;
¥

return _max;

¥

K12 A2 NRSRPT E BE

B0 2, HFEARRER S EANRB N AL,
S EEE B FENEH T, UAZ LR
A7 AR S T

D HFENBME. X HEAREE, T
FHNATLART LA 7, R 45 # AR A D s R
7y [Ny 7R s bk AR N RE
B NI P ik B HE AR BRI LSS 2 (Mapping
table), 41E 13 fow. HA Al hic i P ik
B S HHENMER AR

Mapping Table Array

pu}

\0"‘8 ~ 0 | NULL

&
o

Q}\/} 1 Py Pu:

Hash(AddressA) ¢ 2| P Addressa
: P
seruslek A py /
Hash(AddressB)[ 0 |¢—‘f‘\L I

N

q N

ENN

v N-1| Pna
‘3\

%N 1 /" Pa)  sesses

fepn N | NULL WASpe LTI

\
1)Replage———-=—~—-~

pamesse— g

” _4 AddressB |
-0

CIEEEE YN 2 YNGE-¢:

2) NG 3 ABHEN RSB ARER I,
MRS i)

IR 13 B Zkh Al 5 A2 s, H
w, RTINS EAME P, AL EREA
AE BARNBA G — 100 A2) SRIG MR
POz MR AddressB X B B4 A AR N

MBI 13 g4t B.1 2 B.3 i, fl
wn, T MIBRANME PA, fRTEHEE AddressA MBILET
HER I B RS AR K JE, B KBRS
—fL N (/M PB # st K ALIAE ., HHE 58 N A7
TEZS; B.2) KW il (1) PB ARARE A HT AL AR
K; B.3) ¥ PA HALFR B4 NWIUAIE 0. WiR M Bk
AR B R B —hr, W E R B A 2
X A 1 B AR

TEFEEELIH, FTEN RIS & ilE,
e 14 fiw.

function add(address o) public {
_biddersEntity.push(bidderstype({_biddersaddress:a,amount:@}));
_userlist[a] = _sum;
_sum ++;

}

function contains{address a) public view returns (bool b){
return _userlist[a] != @;

¥

B 14 S5 NN R BT i

3) FAPUTER . UNEABRAERM AL,
RS NS Bl s T RS, RS Id R
—MNANE &GN AM TSRS E, FEEELLE
=Ry R

© Al #if): 5 — MRS R E

@ First #if:  — MR TE AT [A];

@ This Zif]: XA 23 AARTE RN ]

WAL, ERAETA AR E LG
A REGiit, F SPESC Rntn R

term nol : chairman can count,
when after all voters did vote.

Ve 3o 55— b o7 AT I 1]
7.3 EHEHER
A R ARG L B Py
IR A LR S R E LS VI
e, LM EEEH T E SPESC g L& 4
R, HFENEE A XU FEANEGLRE
o Horfr, A R A B ERA UG IR) AL 9 A FF (public)
AL, Solidity oA AL PR AR & 1] DUl & 20 B3 Vs
i, MISRECELPRAS . Fldn, 36L& A&
23t highestBidder, FR%1f = O Ak, TR E
H 2R 5.
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Ml % i 2020 4E

5 R S AL . SPESC & 4 AR
G —AahfE, 7 Solidity At — AN
Fo TTEHELEPAT AR J7 4 EARFIAT 45
SR =ANER S, W SRR 2RI, AR 7 2Pl
F AR AL B o

1t Solidity #1557~ require. assert Al
revert —Ff, HHr, require BT TR AT %
i, 7R NBA LIRSS, W SRR AN 8
i, PORYG1 & 2libF 2 H (gas); 1 assert
S TR AR P I S AME L, TEIERIZ 1T IS
JrH assert kil Ak, —BAGMIR, =
MRERE T PAAAER R, DAZIB SRS T revert 5¢
A 5 require 0L, (HAT LUEN 5 EEA A
RH RGO

A AT R AT A =R«

D 3 NRH: S e AR =5 A n] A
AT

2) ZAFBRHI: SPESC 4%k IRl B 441

3) &R 5 EH Y deposit W5,
FHAZ 71 75 B ) LA N ) 4 BB i o
PAT FAR IR IR TR T IEHARES, RIRIEH -
TR, HREIFIRE. Kk, f#H<%1 require
¥, revert.

T 2K BT A2 i) 77 1 B e o R I B2k
FSORH 2RI PHAT 285 A, S B P 9 5 7 1k R AR
B, BWIGTERF PR, — B 5 B &R S,
BUREREF AR R, Bk, {8 assert S in]
HEAT R .

SPESC & 13 AL U)K 44 8 2% 3k 1) I L 2% Pl
A RTTET R S RN, ZNBAE RN R

B, CRITEMATSE R, H P R R EGERA T
ERISEIL, I8 R B AR AT IR R AT

TEAMR T2, FEFP AR ARG LU T B o (R,
EASERSG, RTERMELNEMEE, G
ARSI W, wn] LA HEHEAT .

W 15 fror, SPESC B SRA%ic N A, Bk
%% Solidity A% ic M B.

D R A L ATHEES Bid A AR 7%
% (BFHEE 11T, idNBL. MR A 5
BRI SR], W58 4 1TH) while JCEER, A
J7 RN pAYABIe SR, 7RI DLBRIER K
% PLK

D HHE A %5 147 Bidders FIBR & A S
Rl o SRTILEA HFARYE & LS br BB, I EIA
Bk N, B, FEFIHIEELFNRS], IF
N4 NS (B2-3): W I & A2 5%
SYNPES Yo YN

3) A4 SPESC HEHISE N1 5% 3K J5 5 K i
[ 45 SRR AT B (A2-3) SN KT EENT
Bk (AL AR T APATESR (B4-5);

4) R4 SPESC HEEZM (A5-7), H3)
AT Z4PATARS (B7-9): 0 T A &
A AN A N BE 4, ERARE N RS
%

4) WRHE 5 B 4 (AB-7) A T s (B10-11)
FF-45 1A, b A S5 7 47 R T Ori G,
TR RIETIEPATRT A, PTE 7 vk R aT
WFIZALE (B6), LMEFIEAINE .

R, A B PAT AR AN TR E B

(2. [N, SR A GO E R R 4 B % e AT DOERRIZ AT, (Han S 58 26 5%k e Bk
N ST Lo v ALS % °K EA].
Ak, MR . ek IITRIRG):
- T
1 function Bid() puhlic@i;/@ {
2 if(!bidders.contains(msg.sender))
3 bidders.add(msg.sender);
1 term no2 : bid s can Bid,
//REQUIRE
2 when #Fter auctioneer did StartBidding require(now > auctioneer.StartBiddingTime() && now < BiddingStopTime);
3 and before BiddingStopTime require(msg.value > highestPrice);

4 fy@@ deposit $ value > highestPrice

6 | highestBidder = this bidder and

(a)

5
6 uint this_bidder_Ori_amount = bidders.getamount(msg.sender);
————— = [7/uséR cooE were ~— ~ T T T T T T T T T T
| 7 | highestPrice = msg.value;
highestBidder = msg nder;
ender ender) + msg.value); |

| bidders.setamount(m

this bidder::amount = this bidder: &L\amount + value -] s

|assert(highestPrice == msg.value && highestBidder == msg.sender &&

bidders.getamount(ﬂig:ioﬂdé”) == this_bidder_Ori_amount + msg.value

B 15 k3K 2 W RR AR
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HE TR

LB 55 13

where this bidder::amount =
this bidder::Ori amount + highestPrice and

highestPrice = value and highestBidder = this bidder.

ARFIR B BME, HARK TE RS R
=AM EEA AR R B B Ethrh (WS AT
PLER IO I 85 1% ), 75 B3 R B )3 Al 2E B 1
TEA I .
7.4 FTIANEI

SPESC M3t &f 5 KKIAN: i, KR,
BHE. WEARARIER . £ SPESC iE S 4L
B, FrERIAXARLk K Express 535, Hiom
T HEREE

%= 1 SPESC /IR N EEFFRMAER

el RIS AT SPESC ik

L ActionEnforcedTimeQuery
ThisExpression

2 ! NotExpression

3 * MultiplicativeExpression
AdditiveExpression

4 + - -
TimeLine
RelationalExpression

5 >, >=, <, <= - N
TimePredicate

6 ==, I= RelationalExpression
AndExpression

7 && - -
TimePredicate

8 II OrExpression
ConditionalExpression

9 ?:
ImplyExpression

Nz 1 PR, R E/R T SPESC KB B
gmPEE Fia HA, UKAERSE IR .

SPESC H I ) =ik s 2R 1Y 73 It (] i 5 I
B, HARANHY (Date) KW ESLE. 30
Vi 5e B 1) 38 30 (ActionEnforced TimeQuery )
4R A 21520 (GlobalTimeQuery) J& T[] B ;
MRACREE (Time) (19 &5 & )& T 1A .

a2 F ik X (TimeLine) 1, F{A] i 5[]
RRRERHTINRGZ 5, B R A S R BOE A RN
I TE) R, IS TE) B 5 I ] B 5 45 R I TR B o T
()18 17 %A (TimePredicate) 13 =] 45 5 N A /K
B, AR T

after a => now > a
aafterb = a>h
c afterb => now>c+b
within c after b => (now > b) && (now < a + b)

Hrh, a5 bETHE A, c@TrAE, now N4
HTHSTE]

8 SRIGKLER

EXt SPESC 8 7 M HFEAL RN, AT Hid it
PN S2I4 B, SPESC 8 5 A& 411 % H
PEFN SPESC & )AL ] $hAT A LRI 3k
8.1 SPESCIEE 5 FMtiE

£ %) SPESC &5 HUREME, AT T —N0
2 AT BB S8, N ] 5 P TA) 5 o A R T PR A
SPESC & 212 &5 LIl A KR Be A 4T 5 T 3R .

1) 2. AREREET 154355, 4
159 ZiFHNLBE R (CS)2EE DK 6 ik R (L)
15 S 5 EWREL T N4l (R GA #1 GB).
GA U4 CS 24 (B GA-CS) M=% L
(B GA-L) 4% GB 15 4 CS 24 (Bl GB-CS)
3 ZykiEsEA (BRI GB-L) Hik.

2) FEEBRY .. AU TR e Las 15
WHEHN” 5 “SEHEL” WF, Hi, FREL
(Lending-SO) 4w H Github L[ 7P Solidity %
FP2, XA Y) (Auction-SO) B4 E Solidity SCRY
A (0 B T R AR R, 4 R Fh Solidity
HY9mE N SPESC A4, #iFXA Lending-SP
1 Auction-SP,

3) HBEEHIFRE. LRI AR EGL
WG EE R, BNANSE 2 0, 52
WG, ZEAE. REEFE 10 MR8, SRR
QXY Fonim s x 5y A A, BRI a0

Qu; WEREHAT confirm BR%L? (SS)

Q. KA 4?7 (SS)

Q.3 RS RAT A5 ? (SS)

Quq RS IERAT 2542 (SS)

Qus HITHEI LS HWLL?  (MS)

Qo1 HAZME TS 53E4H?  (SS)

Qo WATER (Al R FE?  (SS)

Qa3 H s th AR 2 AT [ 2 BT AR ISR TG 2 (SS)

Qua GEHTELEERAT AT (MS)

Qa5 FELEHMLERFI?  (MS)
oSS, MS 73RN Rk L k.

4) LB, Hk, BRATNraE S 5850
— AN T SPESC A Solidity (13 A 15 v Fl1iE
X HR, B EA AR PRAE S RS S S
FHHIW R, RIE, BSR GA R GB 4y A I Bk

_ https://github.com/terzim/dapp-bin
_ https://solidity.readthedocs.io/en/develop/solidity-by-example.html
#simple-open-auction
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2020 4F

Lending-SP Al Lending-SO, F1E 5 M A& 0% & L1
)2, AT A S 55 & B AT 0% &5,
TR GA FI1 GB 435172 Auction-SO A1 Auction-SP,
HIAEH I LA LI A5 Hd S i ] o

5) SEWEER. £ LRsSzimd g, FRATAE
Z R S &G R Gt TARZ PN K T8 51
HUERZR POy, Hh, G FoRdlfl, Q Fimialf,
LG AL RN 2 FIFE 3 fias.

& 2 BE 1 Hit (BREZ)

GA-CS | GA-L GA GB-CS | GB-L GB

TGQ1 762.8 722.3 745.4 1551.2 | 1193.7 | 1439.6

PSo11 | 100% | 100% | 100% | 20.0% | 66.7% | 37.5%

PGQLZ 100% 100% 100% 80.0% 0.0% 50.0%
PGQIS 75.0% 100% 85.7% 60.0% 66.7% 62.5%
PGQM 75.0% 100% 85.7% 0% 0% 0%

PGQLS 83.5% | 89.0% | 85.9% 63.4% 66.7% 64.6%
F’GQl 83.9% | 88.7% | 86.0% | 39.6% | 39.2% 39.4%

£ 3 [OE 2 % (ELAL

GACS | GAL | GA |oGB-CS| GBL | GB

TSy | 12640 | 1437.3 | 13383 | 6642 | 7560 | 698.6

PSo21 | 50.0% | 333% | 429% | 60.0% | 00% | 37.5%
PSo22 | 50.0% | 333% | 429% | 100% | 33.3% | 75.0%
PCo2s | 250% | 66.7% | 429% | 100% | 66.7% | 87.5%
PSo24 | 75.0% | 556% | 66.7% | 100% | 100% | 100%
PSo2s | 950% | 583% | 79.3% | 100% | 100% | 100%
P, | 645% | 430% | 553% | 917% | 500% | 76.0%

M 2 Fik 3 g k. X FEREL, W
B SPESC A Z1K) GA 52 i LE Solidity ) GB
(AT E FI R E 052 %), ZEr R d s (4
w1 R0 TSR SEE Y, Rk SPESC &4 GB
SERRGEFE [FIFELL Solidity 1 GA B (AT A 2 )5
# 052 %), HESAEEFE S (B2 0.4 5.
8.2 SPESCIES#1¢Li

k%t SPESC A2t Ritt, FA Tk md s
37 IR UEEE 7 5 73R4 ) Solidity B BB 40
THAEMNGE SPESC FIHAT 78 B FE (1 5256
IREE SO IR R T4 . DR SEER 45 R 54007 .

1) SPESC ifi 5158 54 i a4

SPESC % 70 % 1E S AL S 64 2 1EVEHN,
PLE —TF 24T A A ARE, & IE R — Eclipse
e, B GRS SPESC ACHE FEAE i B ARALAG .

SPESC MiEVEAIAE st EMF 5 Xtext S23i,
H, EMF 2 — /N BHESEFNAHE AR il T B, Xtext
N RS S AR S0E 5 HESE.

2) XHBENRAE &

SEIS RGIBATE=AS windows7 R G5 REFUAL
T, XHEERHLUKYEG, BORY Geth &7 i
WA N 1.7.0-stable. @it XIS E0n T -

{

"config": {
"chainId": 15,
"homesteadBlock": 0,
"eipl55Block": 0,
"eipl58Block": 0
1.
"coinbase" : "0x0000000000000000000000000000000000000000",
vdifficulty™ : "0x10000",

"OREEEEFEEE,
"nonce" : "0x0000000000000042",
ash" : "0x0000000000000000000000000000000000000000000
000000000000000000000",
ash™ : "0x0000000000000000000000000000000000000000
000000000000000000000000",
"timestamp® : "0x00",

16 Gl s%

SEIGH AN LSS 3 AN AL il —
AN A A P T LN A BL 5 B2, A4
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1 contract SimpleAuction{

party group bidders{
amount : Money
Bid()
WithdrawOverbidMoney ()
¥

party auctioneer{
StartBidding(reservePrice : Money, biddingTime : Date)
StopBidding()

¥

highestPrice : Money
highestBidder : bidders
BiddingStopTime : Date

term nol : auctioneer can StartBidding,
when before auctioneer did StartBidding
where highestPrice = reservePrice and BiddingStopTime = biddingTime + now.

term no2 : bidders can Bid,
when after auctioneer did StartBidding and before BiddingStopTime
while deposit % value > highestPrice
where highestPrice = value and highestBidder = this bidder and
this bidder::amount = this bidder::0ri amount + value .

term no3_1 : bidders can WithdrawOverbidMoney,
when this bidder isn't highestBidder and this bidder::amount > ©
while withdraw $this bidder::amount
where this bidder::amount = @.

term no3_2 : bidders can WithdrawOverbidMoney,
when this bidder is highestBidder and this bidder::amount > highestPrice
while withdraw $this bidder::amount - highestPrice
where this bidder::amount = highestPrice.

term nod : auctioneer can StopBidding,

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

17 SPESC 4w'5 K38 K54
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Background

Blockchain is a hot topic in recent years, and smart
contracts, as the core of the second-generation blockchain, are
widely deployed in decentralized application, and are
connected to the fields of computer, finance, law and so on. At
present, there are some researches on how smart contracts are
expressed from a natural language-like perspective, some
researches provides a new framework of automatic generating,
and some researches provide formal methods to verify the
correctness of smart contracts, but there is no complete solution
from syntax representation, code generation to execution.

This paper focuses on the lack of conversion methods
between advanced smart contract languages and executable
smart contract languages. Based on the previous SPESC
research, this paper designs a three-layer structure of the smart
contract system, including advanced smart-contract layer, basic

smart-contract layer, and executable machine-code layer. Then
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we provide the conversion rules of the advanced smart contract
language to the smart contract language, and demonstrates it
through examples. Finally we veifie the legibility of SPESC
and the correctness of the conversion process through two case
studies.
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