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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 concern 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. 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
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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 verify the legibility of SPESC and
the correctness of the conversion processes 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 verify 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.

Keywords smart contract; domain specific language; code generation; SPESC
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1 Contract in SmaCoNat version @.1.

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

6

7 § Involved Assets:

s Asset 'TheCoin' by Genesis alias 'TheCoin'.

9 Asset 'ParkTicket' by Self alias 'Ticket'.

1w Asset 'OpenBarrier’ by Self alias 'Open’.

1

12 § Agreement:

13 Self issues 'Ticket' with value 42.

1 Self issues 'Open’ with value 1.

15

1 § Input Event:

17 if Input is equal to 'TheCoin' from Anyone

isand if value of Input is equal to 0.3

1v then

20 Self transfers 'Ticket' with value 1 to owner of Input.

21 Self transfers 'Open' with value 1 to 'BarrierlIn’.
Self issues 'Open' with value 1.

23 endif

2

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

2 endif
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" patient _prop _check _array"

["operator" :"equals"," value" :" Female"," property" :" gender",
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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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A R R T H A SR A 30 R T B
Mo PP A BN G it s I 22 W B v A A T S 4
p1E Iy IS s K107 N NG Rl E S =1 1 e « 1 P 0 B A
4.

(3) 7€ SEFA B () 45 o 5 #1352 A n] DA Sc G 24
Hh i e A T A 4

BEEJEA AN
SR (1]
I

W FES A B 24

¥ H A
N it

B e e NS

A 4

K6 3w LimfE
6 SPESCHEE=ILEY
6 R IF R Al SPESC 405 4 29 CLIHE A
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B AT R R R A AR 5 659

NS5 B o 38R N IE SLAnE

party group bidders {

amount: Money
Bid O)
WithdrawBid ()
}
T SL N B TR 208 i A P 7R AT e AR
Bid B 321 2 15 36 3 0F A OM 9 XL 383 A
SRR BB amount, J T30 5 75 3K AR 4
it F T 1T TG %Ry . R WithdrawBid 75 B
13w K AT AR TE Hi 2R Tl A8 1Y 41 46
HW LB E SLIF

party auctioneer {
StartBidding(reservePrice: Money, auctionDuration; Date)
CollectPayment ()

}

EENIE LY 0 R N N R E
NATEASRAT B9 P A 3 - JT 46 52 4R StartBidding Hl
4554 CollectPayment. 75 047 JT Ih 52 A1 I 75
B PSS R reservePrice I 53 4 I [A]
auctionDuration.

() FAPRILFIM G R, A4S FEEE
Bk SR

highestPrice: Money

highestBidder: bidders

BiddingStopTime: Date
PR N s R ISR B R Sl e (1 7 e gy
AR BE K N G T M A B AL A =
AR H AL G0 5 1 SRRSO ).

TESEAL TE SCHY AR B 2 B0 5% 21 X B g b AT
PRAE X BRBEA G 55 115 B G A IR & 8 2 i 5%
B APATERE R — L AT G B R T IX
e B0 HoA AT SL ke A e 2 PRIE TR BE S
ZPRSAYA ] SR PE A Al 3B W) 1 B RE G 2 5 X R
25 B 1 — 5 T SR BT i B

(3) K. A BGPTSR

TR 3 WIS KB Al LA WA =4
ity BN Bl i kB i B o ) 2 O T B SE A
@ i i 40 A O U HT 3 HoA i R vl i B2 [ 3h
eI

H T A A e P R L O 5 Sk, HAR SR LA
Solidity Jy HARTE & » WNEH 4 5 B id 2R B % 1) 471 32
N R 5% 4 e A 2 A KR 1y kA sz A B & k2
SR xR R G S 5 2 IS A 1] 4 48 45K

WnlEl 7 fros il it Petri (2R T 032 1 72 IR
AR I A 45 20 0 D DU AR ZS AR 3. IR
BEFEER D GEME R A AL SE
TFARTEAR A FE A M5 ET 0 5 | I 18] 25 5 L SC R 6 3.
TETLAP A o i [ 45 RO d i S0l A 3 e, A
Ao S P fh A AR A0 DO S AR L 4 IR AR

e

BLAIE

R B

L
B 7 Petri P78 B 4H 320 FRAR A e % &)

FR L R T AHE LT

term nol: auctioneer can StartBidding,
where highestPrice=reservePrice and

BiddingStopTime= auctionDuration+ now.

132 A Cauctioneer) A A filh & 3l 1F & & 38 41
(StartBidding) , 7ESHEHAT G » 24 1l 5% i O Chighest-
Price) i A 41 32 N A B JIE A (reservePrice) , 45
Bf ] (BiddingStop Time) Ji 4 i i 6] Cnow) Jin I
B A B0 e AR 22 ] CauctionDuration).

2. MM T RFOE LATE

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,
553K N (bidders) AT LLZEFASZ N k54 )5 H
TE S5 A S5 FAT . 7] & 2955 K (deposit) #EFT HH A (Bid).
Hrp, fEdase AN kK% 1)5 B after auctioneer did
StartBidding /R , 7E = A 25 Al before Bidding-
StopTime Fx. {1 H H 4 (value) KT H i & & #r
(highestPrice) , W]t 4y 52 5 4 2R S A /N T 8056 T
S5 B s LS i SR I
BAE AT BB G s B B A B )8 P Cthis
bidder::amount) H1 i it 5% T 2 Wi fr A, B
oA 5 B 2R 3K L Origin &5 18] 3R 7R Sl BT 1T 1418
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A9 25 i B &% #r ChighestPrice) 5 £ & # it A
(highestBidder) i i 4~ Ik H #r (value) 5 H i A
(this bidder).
SRR 3. WA 4 0 W2k T 2R KOE LA
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.

W 53K (bidders) AN fi 8 A 4 . H 24 Al
A AR W4 (this bidder: : amount™>0) , A D} B
8] JC 2% 1 55 A (WithdrawrBid). 4% 3% $0AT I8 30 )i
%35 e A 430 5% (this bidder: : amount) i 24 0.
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.

AR FE K N e f o A & B RS AR AR A
%50 N 28 W) FH 4 (this bidder : T amount >
highestPrice) . /] LU JC R4 Y 36 B, 2% 3CHAT 1L )
J& %58 K A4 1 s 0 Dk B e

F 4. BERTEARPOE LAE

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

A3z N Cauctioneer) fE AR M &5/ 5, HX A
W HAE B 3, BT DLl B8 3K (CollectPayment) 3¢
e 5 BT B (withdraw).

7 BWRKBEMK

AT 3 5 SR A A )RR SPESC (# H bR
AR AR BT ¥ 5 AT 4 5 47 1) SPESC & 249 B 3l 4k
B Solidity {5,

7.1 BiESEHIERE

A Y Solidity G 2943 N PS4 -

(D YBHFEANEA. hYF NE LR E, E
EARATSE AR NS B FEENIC RS ST
FL SR 1) A 1) D BE.

(2) /4. mHEWTAENN S 2, EEAHE
5B I R X B #s (Modifier) DA K 4% 20 A B T .

T T 43 90 68 33K R S T T A R AR R AT R AR

mE 8 s, B R T B SPESC B 3l A4 i
Solidity 1 & 5 K A 292 L I 30 0 45 368 1) e bm )
T SPESC JG % 5 H A B 3¢ &. Solidity i & % K&
Aoy = A AL ANEG Y L ANG A E K
FHEY.

32 NG 20 A & 40 32 B Lkl O 530 1 0
54 1 07 3 DB G JE B AN 453K StartBidding
5 CollectPayment [¥iC 5.

TE LN AL B b ik Fi SPESC Hf g ) A8
s amout 2B Y 45 A A L 25 R R B AL e g 3R LN B
TIN5 A 30 77 25 DL K amount B BEE 5 3RBUTT k.

sok EME AR A g AR E L SPESC H
=M E B highestPrice. highestBidder . Bidding-
StopTime E L LA KRR T 4% 2 3R A2 U DU A4S 5 v

FHE & i 28 Conlybidders ., onlyauctioneer). H 1,

auctioneerT

contract SimpleAuction{

- _auctioneerAddress : address

party group bidders{

amount : Money
Bid()
WithdrawBid()

“isstartBiddingDone  : bool
- _StartBiddingTime : uint

- _isCollectPaymentDone  : bool
- _CollectPaymentTime_: uint

¥

¥ Tegist (address ) - void
+ getAddress () : address

party auctioneer{

Startﬂidding(,_m_)/
CollectPayment()

+ StartBiddingDone () : void
+ StartBiddingTime () : uint

+ CollectPaymentDone () : void
+ CollectPaymentTime () : uint

¥

highestPrice
highestBidder
BiddingStopTime :

: Money
: bidders
Date

term nol : auctioneer can StartBidding..==

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

term nod4 : auctioneer can CollectPayment.....

bidderstype

+ _biddersaddress : address
+amount : uint

biddersT

- _biddersEntity : bidderstype []
- _userlist : mapping (address =>uint)

+ add(address) : void
+ contains (address ) : bool

+ getamount (address) : uint

+ setamount (address uint) : void

Auction

L Payn

+onlybidders (address ) : bool
| +onlyauctioneer (address) : bool
+ StartBidding (uint,uint) : void

- bidders : biddersT

highestPrice : uint
- highestBidder : address
= ° ;

+Bid() : void
+Withdraw Bid() : void
+ CollectPayment () : void

SPESC 5 fir A= il & 24 28 B % L 56 &
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B AR TT 1 MTE R A AT S5 661

k3.1 5 3.2 mHR R — 1 3h{E WithdrawBid,
PRIk 2 AR i — A 7 1k

AN X T 2 8 N L BR T B AR B AR
b3 R A T A A P 4 A 2 LAV R Y O7 SR AL
N EE NN RN N I I E DAk i)
25 1 52 B b i A R RT LA AR B 3 R AL Tk T
N2 5 5 2% A5 3K 2 v i R A SR AR
(Bid) FIH ] 4 4 (WithdrawBid) . R4 78 & 2 A
AT SR PRAT 1 D0 B J8 P 55 07 1%, 2B AT 1 DL ATS Al
PLTE X B i ) AEATE S 20 b ATl s S5 A0 2.
7.2 HEASAWER

BA Y F NS R A S — DY F NG
SREENGIE W RN NS R 2 N NTE S
B AT HIL Y FEABA RS FEANGY
(Individual Party-Contract) sf BE A 4 FH A 5 4
(Group Party-Contract) F25.

AN A 2T R B — 5 BRI 5 5517
AR I SE 2R BB 2. BRSNS
290 Ik B € A AR R AR 5 35517 8 1 2 A A
A IBEEN TEAR A W& 2. B R AN B
ARG DO TE T BRGNS A8 5
L % TR IR 235 A AR R 08 I 458 A o 008 745 B0 A 2 =5 AT LA
TEG A Is AT E M S0R H

P M ANB AL E 9 Fis.

SR 5570
T bt o
" RIRTE o RS
| R FATILE
T A IGIRETTALINS
L - 2 [ gt b, AL
Vel %ﬁ Hn
| e A [
N w i
A giii S| AL
— T E
P
[ [AL
B [ This

K9 HEAGALH

B L HFE AR AR Solidity & 29 N %
I 00 R =AE o

(DS FNJRME. 2 H AR LR N R
AL T M hE LB P L A IR I SR TR P ik
VD T P B ME— B¢ 53 B 9 X6 7 K 7 7 X B R
HuhE©. B 5E R A SPESC oy I 80E 1 2
TE SR I JE P IF 2 78 T8 PR AR AT b A iR 0 Y B2 E 5

AREOT k.

FAATIC 3% Record Az iUHLIN 47T« X |y 1% 24
FNREM KT ES O ke,
Record i ={{_is<<t>>Done,_<t>>Time) : Yt ,tE P},
Horp , < FIRBUR Kt EIER 28 4 LT R
EIREN T 5 M P E SO R XCAr. B, AR 1
XF R R B A StartBidding. #% b 34 B0 A AP
At . _isStartBidding Done 0 5% 553 t 215 A7 58
5 _StartBidding Time 10 53 553K t TAT B [A].

W 10 fr s, 38 3K ) 5 4 32 AR 1E SPESC
toE s M A P BT JE 4% R StartBidding il
CollectPayment, %> 45 UG 5 Hii i /9 P14 J& 4, 1]
. _isStartBiddingDone F _StartBidding Time.
AN, 28 B _auctioneerAddress FH T 12 =402 A
Ho ik

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

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

address _suctioneerfAddress;

K10 S AG LR

(2) NGB AR 2 3 AR AR S AN AR
B IO A B . A R A Oy R A 0
B 5 A =R k. A e K rh A sz AN R RO
Tt 5 25 AT 32 ik PR O kL A 11 R,
function regist(address o) public {

_auctioneerAddress = a;

}

function getAddress() public wview returns (address a){
return _auctioneerAddress;

}

IO CE P NTPNIZE 2 b 7S

(3) A PAT A L. X T 4 5 N4 26 450 2
SR AR ARATIC 5~ 7 1 - 18 25 AT 58 52 i e o) 58 A
ISF 15 5 A R ) 5 9 R[] 2% R 5 SR TR]L 40 32 N
TR SEAA 45 A OT A 12 .

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

i

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

return _max;

i
1

Bl12 A3 AR AT B 5

@ Mk TE DY BE R st ik R R A B A
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B 2. Y3 AREIRBR 35 AR N 246 8
A EE Y ST, R Z LR A
1y 3 B ORI n

(D Y5 NJEME X253 AR T i
AT LA 7 o SR FH 45 AA (A B0 20 D0 S 1A PN 28 5 () B o
T P bk A R P AR AE B B ik
i bk F B4 A b i 5 #% (Mapping table) , Q& 13
FiR. HA B I SR I P A R S 2 A A
P4 1 4% 5 AH [

Mapping Table Array
P,
AddressA
\B-1) Replace
)N . } _ Py
“%,;\\N_l Py, ) =75 | AddressB
P
“e > N| NULL “3 push
13 Y AREAN G A
(2) NGV R, S8 AR DU B 8 U5

B 2 3.

WNEEIE 13 Lk A D5 AL2) s, f
R TR S F AR Py AL 5K AR
= B ARG — s AL2) R S 75 M5 35 il R
EA R HHE AddressB X R 19520 AL FR N.

IR ERVE N 13 <k rh B.D) 3| B.3) i 75, il
WA T M BR AR Pa MR 3E M HE AddressA M il
w2 1) B AR B I AR AR K S BUD K R B e —
fL N AR P B dfedi K AL 05 B IFH 28 N AL
255 B2 W S g SR P A bR B 45 R B AL AR K
B.3)¥s P A bR B 4 S 00 B (B 0. A SR B 1 A4 4
S B v e Ja 7 D T A e A R S e X A7
EWE A A,

FESE LA, 30 KN KA IS A AR, W
14 iR,

function add(address o) public {

_biddersEntity.push(bidderstype({_biddersaddress:a,amount:8}));

_userlist[a] = _sum;
_sum ++;

}

1

function contains{address a) public view returns (bool 5){
return _userlist[a] != @;

=
J

Bl 14 58 NN GV BTk

(3) ZR AT B 2 NHEA R IR & 20
R E NG S ONE R R R R R A K S

— M NGESE N5 AR I E) L S AL LU
=R A

@ All #3). $5Jg — AR S8 B0 1] 5

@ First 1. 55— K 58 B ] 5

@ This i), XA =5 A AR SE BT R

MEREA A, ER NETA AR ELUE
A RESGi 1t . ] SPESC Rt F .

term nol: chairman can count,

when after all voters did vote.

D038 3ok 55 — o 7 2 A A I ).
7.3 EFREHEK

A U AR 2 E BT R AT

B A AR MY FE AN E X 5WE
1k & 290 )8 k2 H P AE SPESC g L& 2915
B g Nl B Xk NS 22 E O H
rh AR Y A RO T AR Dy 23 JT (public) 288,
Solidity v/ FF A FR A2 5 W] LLIE 43 & 29 1 #2175 7]
DN AR B 2 RS Bl an, 55 3K 3 0] LU i) &5 A
highestBidder , 3 Hl f5 & A0 A ik 4 & B &
SR,

5 R SR A AL B SPESC A 2 R (1 B A
A E— D3l E L AE Solidity Hrxb B AR B — A T5
Pe. kR S PAT SR L 5 vk AR R T 4
ARL I = AN EB 3 TSR AR A ARG 2 UL R 2 i o S
T ARCRR B AL L

1E Solidity H il H 5 H 43 & require, assert Fll
revert =i, H 1, require 5C 8 i8] F 746 U $h AT 2%
05 1 0 A B 2 I RS A 0 SRR T AN
b, UK P 6 2518 0T 19 9% F (gas) 5 T assert
OB TR P TR I R e 1) A A IR O L A E B i AT I AR
¥ H assert A K S8 AN 23 2 L, — ELAR I 2R e, ik
AR I AETERE R B AR 5 T revert 5G]
5 require 501 H AT Ll 5 H BB 4G R IAE
SR DL

FR B IAT SR A A = TP R -

(1) 255 AR A5 E A WP Le 2 55 A AT LA
AT,

(2) 25 FR . SPESC % 3 H i |l & 45 1F.

(3) BRI, 32 5 B AE 1 Y deposit 18 ] .
FHAZ 7 5 25 ) 45 2947 AT 4 251 B o

PHAT 46 0 A6 I 2R DT T 2 7 IE R AL R
P A g L OF I RS TR L 1 OC e
require #Y, revert.

TE 26 T 2 B 7 35 d i 2 R A I B AR A A
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R AP T 405 R ARG O P e S g ik R TR A
RS A 7 v A B R — LS ARSI R L TR AR
R PP AP AE RSB DI UL 1] assert SCEE Al EATAG N

SPESC & 1 B K7 AR 35 2 3010 J B 2% 1 HE
PR R P I R A %N AR D e R R
2% [ . 2 N DA A AR IR 55 32 48 1% HE e A
WA K TSR R B A B R X A S R

T A A RIEE J P Rl B A Ik
S L JE A B TP T I A R AT

TEA) -2 v, B8 7 32 58 A X BU B 1T o, TR
B S RE RTINS L A ERE S A AR
i 32 45 I A ) 80, AT DA E 425817

WK 15 iR, SPESC i 5 A0 AL BT A2 i
i) Solidity L% A B.

1 term no2 : bidders can Bid,

2 when after auctioneer did StartBidding

and before BiddingStopTime

4 (while)deposit $ value > highestPrice

5 |where highestPrice = value and oz

5 | highestBidder = this bidder and | 8
|

(a)

1 function Bid() public(payabla {

5 3| highestBidder -

I~ 9 | bidders.setamou
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
\} //CHECK
10

4

if(!bidders.contains(r
bidders.add(ms

//REQUIRE
require(now > auctioneer.StartBiddingTime() &2 now
require(msg.value > highestPrice);

< BiddingStopTime);

uint this_bidder_Ori_amount = bidders.getamount(msg.sender);

| //USER CODE WERE T T I
| highestPrice =

| assert(highestPric
bidders. getamount(

2 XK R

(D R4 A S 1A ahfE4 Bid 4 U R 7
& (B FEE 147,908 B, s A h o f
B R iR ) AN S 4 4TI while SCEETA L W) R ik
W payable JC 8 1A, 3¢ B J7 ik T DB 0B K % D
K1

() B A% 1 47+ Bidders BYFR & 4 i Y &5
K. S T 6 A B3] ep AR A 29 S B L AN A
Bl s S B, 75 2 T 3h R4 = NRR 1L ORI
TS A WS (B2~ 3) i 5 W % R 2 5 3L
INUURES: SR PN

(3) R4l SPESC Hr 7E 41132 AN JTF 4 55 3K )5 38 3K
ik [F) 5 R A AT B AR (A2~ 3D 5 M K F s i
ISR (AD BT AR PATE SR (BA~5) 5

(4) #i 4l SPESC Wi 5 & 41 (AS~T7), A 3
R T ZAPATARS (BT ~9) 058 7 B i i e s
HE AN R A NI B e R AR N R 2%

) AR 5 8 45 (A5 ~ ) A2 i 1 W 35 (Blo~
TR TARGW, Kb A% 7459 H T Ori 3¢
] F ORI AR TEAE DT IE AT ET R . DI AE vk
PR ATIC 1% 78 HE (B6) o L 7 A8 00 i feff

IR T A BT AR AN TR BB L A

A RLIE AR IE AT A0 R 5 R AR e B A R
R R i

where this bidder::amount=
this bidder: :Ori amount-+ highestPrice and
highestPrice= value and highestBidder= this bidder.

R eI B AR R AE A B ik R S R
b SR A AR YR 3 B i b (B T
PASCTI ARG 0 H A 158 ) o 75 B2 T g R A R P T A 1 1
ALY
7.4 RIEXAZM

SPESC il 5 KKK X . BH LR .8
BH RDRIET R) $R A 5. #E SPESC 35 5 M #5 fL A5 T
oL T R B ER Lk IK Express 538 458 7 B
TETE.

1 FR . £PJER T SPESC ik s b i)
G FEIE 5 B BT LA S AL e .

® 1 SPESCREAMNEIZEHFRMER
(R BB AT SPESC ikt
| ActionEnforced TimeQuery
ThisExpression
2 ! NotExpression
3 * ./ MultiplicativeExpression
. - Afiditi\feExpression
TimeLine
- - RelationalExpression
7 ST TimePredicate
6 === RelationalExpression
; .8 A'rldExprelssion
TimePredicate
8 I OrExpression
9 ) ConditionalExpression

ImplyExpression

SPESC () i} ] 28 ik =X 28 AU 43 hy ) (6] g 55 B
i) B, Horf 25 805 H # (Date) (9% 5 528 5 L 3 E 58
J B 18] 26 35 3¢ (ActionEnforced TimeQuery) . 4t &)
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A 18] 22 ik 20 (Global TimeQuery) J& F B [8] B 5 11 28
B Sy 8] CTime) 19 455728 5 Js 1 8] i

i ] £k 2 35 2 (TimeLine) H , B 8] 55 5 B 8] 51
ANBEHEAT iz B . i [A] 5 5 B [R] Bz B8 45 2R O )
() A3 o B[] B 5 I (] B B 4 2R Dy sk 1] B i e [) 38
1] 22 K 2 (TimePredicate) B9 1% 1] 4% 5 4y A7 /R {H , H:

AR BN R
after a = now_>a
a after b = a>b
c after b = now>c+b

within ¢ after b =>  (now>b) & &.(now<b+c)
Hrr,a 5 b )@ FHFE &, c J& FHHE B now S 24 1i
I ]

8 TLRHER

BT SPESC 18 5 M 5 AL ] A 75K 3 4o 75
ASSL G 4 B SPESC i 5 BT A2 L& 29 09 5 Lk
Hl SPESC & 295 AL R $04T & 240 1) A 201k
8.1 SPESCiEEZAMXR

B X SPESC & 5 M Fe e AR T — 4%
2O0F HR OS2 55, A B 352 B IA) 55 A P P I DT A
SPESC &2y &% LA M e & 298 &) T 2L f#%.

(OZIME. ARLKEHWET 15485554
18 9 BRI R (CO¥EL I 6 k2R (L
15 A S 5 EYBENL S 4L (B GA Fit GB).
GA H1 144 CS 24 (H GA-CS) #il = 4 B2 4k
(B GA-LO4L. GB 5 4 CS 24 (B GB-CS) I
3 ZykaE R (B GB-L) 4.

(2) BRER L. AW i R BB A A& (5 BF
B RKA LW, Hod, 5 58 A 29 (Lending-
SO 4 @ Github E #JFJE Solidity 2 J3 . 7 3%
G %y (Auction-SO) Bt 4 B Solidity SCHY H1 £ & Y
B R 9. A R B F B R B AP Solidity & 2
iS5 SPESC & 248 2, # #8 H Lending-SP #
Auction-SP.

(3) [a] 45 5 B PR U 4. 256 SR FH & X AT & 24
(4[] 45 1 2508 20 A AR 21 2 03 0] 4 » 43 Sl 2 1 %
5] 4 38 3K 0] 45 XA FE 10 AR R AR R Q.
Fona G o P y AR, AR R AT

Q.. HEREFAAT confirm pR%L? (SS)

Qoo KBS 47 (SS)

Qs fE ik = 1 A 4 w7 (SS)

Q. 2338 WU 4521 7 (SS)

Q. LY 1Y XL 55 A WL 2 (MS)

Q25 T2 55417 (SS)

Q... AT M ] B & 2R W 52 1 7 (SS)

Q..o HHiT R AN PTHRURL Z Fi R IGE A I 7 (SS)

Qo B 56 3K 2338 AT 45 Wi 7 (MS)

Qo 5 KA WPLEAL R 7 (MS)

Horpr SS.MS 73| 7 B R 22 1.

(4) FTLmd #. &% BT A 2 5 E A —
AN PEE T SPESC Fil Solidity 1) 5 A< 1 14 il i
S HR Gl W 3K G A P RNE SR Bl A 2 5 &
() 1a) 805 SR I 225K GA R GB 43 7] [ 13 Lending-SP
# Lending-SO, I 5 A K AR 5 & 2919 0] 45 . AT
XA S 5 A BT B AT 05 s e BER GA R
GB 43 5] B3z Auction-SO FI Auction-SP, - EE f
KT KA 210 [0) 45 JF 9 SR B[]

(5) SEH A5 R, AE FiR SE 56 i R v FATT AN [l 25
WS PELGCRP S RSN TS5
HEf 2 PG, o, G RORA A, Q FRon [A] . 5L 55 45
Rk 2 Mk 3 k.

*®2 BAHB1IZFITUERELD
T81 Pgu/% PSI.Z'/% Pgm/% Pgu/% Pgm/% Pg1/%
GA-CS  762.8 100.0 100.0 75.0 75.0 83.5 83.9
GA-L 722.3 100.0 100.0 100.0 100.0 89.0 88.7

GA 745.4 100.0  100.0 85.7 85.7 85.9 86.0
GB-CS 1551.2  20.0 80.0 60.0 0 63.4 39.6
GB-L  1193.7 66.7 0 66.7 0 66.7 39.2
GB 1439.6  37.5 50.0 62.5 0 64.6 39.4

®3 @B 2HFIHEEELH
ng P(QIZ\/% sz_z/% sz_b'/% sz_ri/% sz.ﬁ/% sz/%
GA-CS 12640 50.0  50.0  25.0  75.0  95.0 645
GA-L 1437.3 33.3  33.3  66.7  55.6  58.3  43.0
GA  1338.3 429 42,9 429 667  79.3  55.3

GB-CS  664.2 60.0 100.0 100.0 100.0 100.0 91.7
GB-L 756.0 0 33.3 66.7 100.0 100.0 50.0
GB 698.6  37.5 75.0 87.5 100.0 100.0 76.0

M 2 Tk 3 &5 B al . 6 FAE AT A 4,
SPESC & 241y GA 5% i # & . Solidity () GB
(AT TR JE & 0. 52 £%5) & U ER R 0 5 (B
LR Z2) s X T3a LG 2, bk SPESC 52491 GB %8
JGH FE [ R L Solidity By GA R CRif 25 i 2 )5 &
0. 52 1), HAABUHER F 0 5 (= 2y 0.4 £5).

8.2 SPESCIiESHWLE
B SPESC & 205 A A 850t FRATTH 3 3 52 5

@ https://github. com/terzim/dapp-bin
@ https://solidity. readthedocs. io/en/develop/solidity-by-
example. html# simple-open-auction
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7 BGIESS 7 5 3k A ) Solidity % BB A 24.
T4 %5 SPESC 3| $1 17 58 i i 2 b o 52
WA LB L BE MG LU L LRERY
I3 HT.

(1) SPESC i & BRI 5 4 il 4%

SPESC {8 70 Z51H S5 AL Y 64 JiE 1AM,
PA e — T 247 1 A A A0S 5 298 i — 4~ Eclipse
W g S SPESC A 34 i H AR A0S,
SPESC 1y #1 2E il 4% il i EME 5 Xtext 523,
Horp  EMF & — A~ g B 28 AL A% A8 B T B, Xtext
S NIRRT IR T AR SUE0E F R HESE.

(2) X PR - &

L RGBT IE =4 Windows7 RS W & #LH1
T XHEE SR LR F & LA R Y7 Geth & 77 3 it
ANy 1. 7. O-stable. G X iy S &l 16 FrR.

{
"config": {
"chainId": 15,
"homesteadBlock": 0,
"eipl55Block™: 0,
"eipl58Block™: 0

"coinbase™ : "0x0000000000000000000000000000000000000000",

"difficulty" : "0x10000",

“"extraData" : "",

"gasLimit" : "OxfEEff£f£E",

"nonce” : "0x0000000000000042",

"mixhash" : "0x0000000000000000000000000000000000000000000
c00000000000000000000",

"parentHash" : "0x0000000000000000000000000000000000000000
000000000000000000000000",

"timestamp" : "0x00",

"allec™: { }

& 16 Ak S5
SCH R = AN AL R 3 A A, i —
AFASZ AT A P TE 3R AT A BL 5 B2 B
W R B PR IRAS IR 4 FR.

x4 KPRE
g p A Bl B2
Sk 0xCA35b7d915458EF540aD Ox1/1723A09ACff6D2‘AGOD‘Cd OX/1B()897b05‘13de7C541B6
e6068dFe2F44E8{a733c¢ F7aA4AF{308FDDC160C d9D7E929C4e5364D2dB
Xl 100eth 100eth 100eth
(3) HIEIAEE A PR 4. B2 AT Bid 5k A i m . A deth.

Solidity & 24 % 4 3 Ry AL A5 A BE 72 LA K
i AL 38 47, A SO LLOR J5 19 Remix 4 %
ar s Remix J2 — IR CH A& 5E 529
TR N HB 2 A9 I RE. Remix F JavaScript 4’5 » ¥ F57E
T Y 45 R AR b T

(4D F K

GNP IRl T AR
Wi G AR A VAN 38 AT AT 8 HL Bl s AT LKA T
B

HYR L A IESY, MG AT dsz AH
ATEM RA A W LIAT )5 % StartBidding, A Jo ik
PATIE Tk HE W P A T AT AT e T ik

PR 2. A P47 StartBidding J5 T MR 340 . IF
WHE KM R 2eth, ¥ B 25 9B ] 2 017 J5 5 min
CLADK B5 v (18 Bk [ 45 £ B — A DX B B3 — UK, AT I
(8] Sy 2 Uk X e 8] s DLR B F-337 158 AR il — A~ X B
0L T 68 77 7E /D &R 22). Ib i), StartBidding,
WithdrawBid.CollectPayment J5 & A € #% #1047, 1T
faf I F2n] DUEAT Bid J5 ¥ #E 47 0 . (H L e > T
BL5F T 2eth, $AT R K.

PR 3. Bl P47 Bid Jr kit 2 5540, i
3eth. R, f w0 & o Bl iy 3eth, B1 Y
AW A Seth, JyiE AT PATAE 0L 5 A2 B8 2 A .

BRI B A & 0 B2, B i deth, B2 B BT
M HLA deth. FrA K ol DLERAT Bid J5 3% . B1 w] LA
47 WithdrawBid.

H B 5. Bl $h47 WithdrawBid i [0 # 4, 2R 5
FRRIAT Bid a0, A Seth. I, e s A
%8 Bl, =W N Seth, Bl & 4 WA Seth, B2 &
U deth.

AR 6. A5 BSR4 BEit, HA Al L
47 CollectPayment, B2 7] DA T WithdrawBid.

F8E 7. A 47 CollectPayment Wit Bt 5% #k , B2
AT WithdrawBid fi Bl 40 6 CR 2 e J5 i 7). & 2y
5B A A B O 5 T LU

(5) LR AR5 I

Zod S hras AT, MK A R 5 Rk i R A
A 7 35w PRAT I O 5 20 RS AR AT TR P A
FTIHFE gas TEOLANER 5 Fron, Hoh AT I 4G gas 18
AR R RE S 2 e A LA K Bs kg JLPIL b $hAT I T A
() gas. RIRE 7 52 B R AT 19 20 3R, A7 6k T AR gas 48
FR g B O DX B B R B T R T AR R gas. BIKE |
12 3 DX Pt 1) A8 B 09 T 2. Gas IS FEM LR A
cost=gasUsed X gasPrice, J. 1 gasPrice JJy gas H
W B G P AERAT B ISR L SN Y AR
W LA F AL .
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x5 EBEITER

EE- YN A S8 K 1 4%/ eth RIHAE gas  PUATIHHE gas  FEAETHAE gas
MEAA B (wER A:99.9; B1:100.0; B2:100:0 2124040 1577980 546 060
LA A StartBidding &M :2eth; B H:300s A:99.9; B1:100.0; B2:100:0 110737 89017 21720
LA Bl Bid TEA :3eth A:99.9; B1:96.9; B2:100:0 156 552 135280 21272
PN B2 Bid TEA sdeth A:99.9; Bl: 96.9; B2:95.9 141 552 120280 21272
%A Bl WithdrawBid A:99.9; B1.:99.9; B2, 95.9 44 361 38089 6272
Fo A Bl Bid FE A :5eth A:99.9; B1.:94.9; B2.:95.9 84480 63208 21272
nEAA CollectPayment A:104.9; B1:94.9; B2:95.9 81 861 60589 21272
TN B2 WithdrawBid A:104.9; B1:94.9; B2.99.9 44361 38089 6272

H 34 MU Solidity 8 68 & 29t . F2 )7 1AL XS
D7 N AR R A S8 0, T A 9 0 AR LB
WA A 29I 56 R AEFR T 45 49 A LA A Bl AR .
it . SPESC #Li 4k T Solidity & 2 4544,

RS DL SE K 20 S 0 R 1 id b SPESC
WG RN BT R, RSl R A B
AT DL3E 33 B 3 32 i 2 7 1 3R BT R AR T DL A
AR RO A ARSI H I i AR T HE S
Y[ REE T S8 32 o K Y A A T A
2y BB AR AN E B8 an A e AT K
SE SRS . FRE I AR SR AR AT AR i X
PRI AR

9 BRESRE
ASCHE T SPESC i 2k UL 58 34 SPESC
95 R B 24 TT LA 8l 2 A B T AR 5

BAESE WD H P AT E L E Y F AL
P ARG T 38 P 1 TR R 2 RS B n s S
B 5 T DAAR A5 08 A B e 1 L 90 s A R AT 1
5 s SPESC JG 2 AR HF £E A% 1E i 1) oR B0, {H ] DUAR
IR YL W ol SRR TRl
¥,

h T — kst SPESC 5 F L 54 TR s
VIR B9, M IE SPESC 4’5 & 2 i) 1E # 14
H A & A 1R 2 i 8 A B0 IE A 29 1E 0 M i i 55, 4n
i SCHE BN A SCHRL3-7 )45 R R AT LAFEE A 19 SPESC
W E BRI R b d 8 SRR B i g
2 B UE A A2 F R LT A L B 2% K ] st
JF 0 TE B O P BRI AR A b T Ik )
TA Y Solidity H AxAURS I8, H A O A — 4L
3 AT SRS D 3 3 ) BIF 5 A0 SCHRC17-20 ] 5 L R ok iF
58 AT LA 4 1 S BIF 5% 4k S ok it A i H AR S L 1
FEAR T 25 KRR L 38 9 5 29 2 A PEFNE B 7E.
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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 $ wvalue > 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 > 0
while withdraw $this bidder::amount
where this bidder::amount = 0.

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