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CHAPTER 3

Bx

3.1 Scilla i&itEN

BREA 2R T — Rk KB B R RO PLE], RIZ% O p R S A 1 Uk AR . BEE R RE G 2900
W, L O R (657 Dapps) ©&MCNATRE. X L8 Dapps FFRIF AL S5 2 4R AR RE A Z1mTE X
i, WLAMES AR KBEER 2% FisA7

TEZ DR W 2% _Eaa A7 I AR i B 10 32 A5 AR A R DA B, A i R Al 55 8 O oK . BB
X BERR VAN 4 CARTRERIRAT, EAIE EEEARE . Wik, KO Asc g i SO 45 B T AR 4 5l
HI A FA 2T .

RN, WA RIAFRAIRRM, BRE G2 S W ORI ES B FE LML, X582 &N BRI
HOMZTE BT A B . IR ERAR LR 2 B BT R RE A AR KB I, IR DAO &2 Parity
BREWEGEESS. T RO T STCRE, B REAATOR E R, PGS M A A5 B ™ .
BERT L, ARORARE o H R RE A R Mt A B R H 2

FEHADATE, UG A A5 A7 IR C ARG IITESR M R G e A T e 5 R, IR E
AIIAE e 8 BB 2P0 TSR A 2 4 P05 T P P P2 AR B AR S 17 b, e 0k, AR &2y
AT R R A R PR

SR, XFPATES (40 Solidity) [ A IGIE T HIF AT T 55, oMK R &GS 2 A ai
Ui B Iy, Kl b, FEMEVE S 5 THUAR A 5 T4 32 :CU0AIE DA S il o Bk vk 27 1) AE — Fh B Ey . 3l
, HeER TR ATE SRR TR AL B S, BIORAR BRSNS o AR 2 T DU ) PR R SE A
155, 10 Solidity.

Scilla J2—FPA iy (HgE) BEEGAES, BOTHYH B2 RN SCBEA AT W, (Rl R — e A
BT IR RSE B A 20T R R, BRI Bs:
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Scilla H ¥ Er2BEAAE A — Rl HSEfEALE]: ALY IR (B, S A s — R E) AP
PSRBT BRAE, AR UL, XM A RATAH =07 . TR EESS (B, Kk
255 —T7) » XPEAHR R AR ARG B R T AR 15 7 RGBT B Sk r 45 R
R Y S . (BRI AR GRS hoar s TaZimpny (BEee) BObmTRE, it T
— A KT AR RIS T A B (4 T A BEATL A o

ATV SR TS0y 2

LA K AEAE transition PR & 2T BARALTL 1L, G L RPRSFI AT L AT IR 20 . R 1 SR BlX —
Ak, Scilla MR G H PRI, FERMaERIAC (B0, HA EAREUR SR k) . ARl
PR (B, S5 EATE) XGRS (B, SBCH TR ) A Bt e . ko
BT AR F MARAIE 5 Z MRS HE 3, Scilla fRE T2 X T AL EAR B, AR ARATE, [H]
Lo AT T RE A8 3 2o a7, T AT 2 A B B LE

Invocation il Continuation 4} 2§

Ve HEE AL, EREE T DR R, e yl, SRANTRE (e —
ANEL) WAL N iR n— AR AR R AT, T LB RSN

3.2 Scilla Za

Scilla H L IELEBURIT A b o (H2 AT AGE T 6 L IDE Sk 45 Scilla.

3.2.1 Savant IDE

Neo Savant IDE @—/N5:T Web (9H &5, B ARVFR- GBI R % i 4 F0 3 0 64 T 22 L
B ANEEFRHE Chrome 3 Yo o )4 F 64T T 1Ak . Neo Savant IDE FLiFR M ZMAERAD (4N Ledger 5% %47
) AR

MR NI S AR}, IDE 2 H 35 Rk 03k AR AT $ZIL . FEALR M BRES 7 , /R34 10,000
e ZIL, FEFF MM L, VRIS 300 M ZIL, R MBA Kk .

TEMEH [ 25 F Zilliqa-JS 45 T H 47 B s b A2 1§, Neo Savant IDE 7] A7 411G RS . 24t
Jf] Neo Savant IDE, ff] J7853%{)j]f] Neo Savant IDE .
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3.2.2 RHIEY)

Savant IDE Fff{7 DA~ ] Scilla % 5 71 Bl RE £ 24

* HelloWorld : X2 — B EL, ARVFHEERIKF owner ¥ E UGN E . B B2 i
setHello (msg: String) SEMH. REABRMET N0 getHello () PASRFAEAIK P E T
FH R [

* BookStore : CRUD [ A2/ FHER. BASYN owner A BEVRI members . A members HFH
AR ERUR, ATRASEH book title . author FI bookID X} PEAE i) 1i4E #E4T OR #AE .

» CrowdFunding : Crowdfunding S T —™ Kickstarter-style F 153, A A A Donate () A&
YUY . QRARES, RITESS E IR B N E S R R ¥4, WIRPAE GetFunds () KFEL
(BB IR LR TIUE MR P owner o AHEL, WPRARERN, WITTECE AT LAEE 4 ClaimBack () (1)
ransition Y [a {1 T FE K.

* Auction : —ME R AFFIALZEL, BARARAMER Bid () #7845, Fem His &8t AT ek .
B FRBERBAR AT A 44k Wwithdraw () f transition Y [RIABATT A AR . FASZAOALLIE v DAE L
H 44 AuctionEnd () f¥ transition SEIREUE: B -

* FungibleToken : ZRC-2 [A]FiftillilbbnifE 52, QI8 nPE AR 9™, BIaniasE m. S b
RBIER

* NonFungible Token : ZRC-1 {:[fBfL AT (BF NFT) #rifE&2y, JTRIEMERE o™, Bl
WO . FARIE . SRR .

* ZilGame : —MPANERK, HAbr2kE 545 ¢ SHA256 % (puzzle ) SRIEITHYRG. HHAHID,
WX — 6 Distance BREL, 25 EEE d FIFME x 1 y, #15R Distance(SHA-256(x), d) < Distance(SHA-
256(y), d), 5 d AL, WFR x by RS R A Bt T FESE B, IR AN
Play (guess: ByStr32) [{ transition $E2AZMBATHIMEZ(E, B SHA-256(x) fl SHA-256(y), —H&—
ANBUFRIRAL T MG A, 55 AP0 5 M 5T HE B 7 Bf ] AR B AT iy W A (. A0SR 28 A B K%
ATERE B AR e Ay, IR A5 —BLBuZ T BEUC AR IE s FEAR v B, Buk Al 44k
ClaimReward (solution: Int128) [ transition SEIEZF N HME x 8% v , $EC WM T H TR
BRI FEEAT N RIEE TG R . ZEARRAL T — 4k withdraw () K transition DATESAT
LR DOl ARG LN Wl BE G R R A8 E Y owner o

 SchnorrTest : —~ TR, Schnorr 23 8H/FAEANTEGAE B 5 F AL msg 36474542 DA SIS IE 25 44 I 7R

BIELY,
* ECDSATest : — I T3 ECDSA A/ALGIXI LR G AL BEF 7244 DA KB IE 244 )7
BlE2.
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3.3 Scilla s 4kiE%k

3.3.1 HelloWorld

B, WAL G HANTMIER A HelloWorld. scilla F4Y:

s WEATH—IAALNENSE owner , MEANBIEEN ML RSERATLR, RIEKE—
HAEGLRE N AT 9 R e, FAEMTE . P owner & Bystr20 2R (3278 20 FA7HhkRY

2y Sy

TR AT T

o WAEATH A string BRI WA FE welcome_msg HYHITAIL N " o BEACH WA 248, B
TETP B G 2 fa o nT DAME A B R

o owner H WAL A GENZE I8 10 setHello B welcome_msqg . %I ¥ msg (String 2KH) {E
HEIA, I owner Xf welcome_msg [{EHIEE N msg .

o WEHHE M getHello , ARVHMEMHH welcome_msg WA ETHM . 4P getHello Rtk
ZALATHA o

EXEY). FUESHMNTEFE

BATRAE KT contract RAENFEIH— NG ARG . KEBFFRGAMAFR, MAERNRGIF2
HelloWorld . %k, PAFAREF BRI T— HelloWorld &4,

contract HelloWorld

WM FEH AT, —A Scilla G RAER T — R EGLREY], NIMEMRTE contract RETZ
JE AR ER R B LR I — B . BATTEUL, BOA BIRRIN 8 7R PR I 24 S A

G4, BETOREH AT ZASHWEN, HAMSh O 2. NS HERE AT R
vname: vtype , HH vname @SHHHK, viype @SHEA., AASEH , 0. BIERE, 244
HAE—A Bystr20 KPR AESEL owner , HAKSH DU MU B .

(owner: ByStr20)

GAHFRNARFEBGE N XY field A, ANV AEAFEEPATH XA field vname : vtype
= init_val , HW% vname BFELIRK, viype BEMWEAE, init_val BFE MYV 464 H1{E.
HelloWorld 44— String KRR A LFE welcome_msg , HPAHIIHIMA " « BAELIASH T
Rbd B

field welcome_msg : String = ""

TEMCHT B, FATMY Helloworld. scilla GAFRAAU TN, HAWMHEAAIK. A S HH 2T

B

10 Chapter 3. HZ
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contract HelloWorld
(owner: ByStr20)

field welcome_msg : String = ""

£ M OB Transitions

1% setHello IXFEMIIE OAE Scilla IR RN transitions . Transitions 250 T HAh1E = P g R e, SR,
HATA —ANEEHX A, REHES RF TN Ry ESOH T2 T 4" I, {H Scilla A2k
transitions #FH BT, PACORBRERA 2 H BT id BRI

H:f: ARIE ransition > H Scilla HJE 2T AR &858 Hshl. Scilla Y& 252 LA MRS B
Zitle BHBWLPIRAS Y PAGE F transition T, % transition R F SE BRI AT =4 B 0IRS . U5 4
HEFRHEH PARIEER X transition R EZ(E R

i ] X #tF transition FEH]—A rransition . i X5 end FEHH rransition {CIEIRAILE R, transition
KT ISR transition ZF%, TEFATHARBIP A setHello . RfGe O WIEASEL. BMMASEH , 7
B, FFPAA TSNS vname @ vtype . MAEHIE, setHello HEEZ—A string KA N msg Y
2. ARSI B

transition setHello (msg : String)

transition 75 B 2 J5 42 transition [ FA&ER4Y . R4S H T 55— transition UL EL, ILACHBEL HTE ] setHello

(msg : String) PAXE welcome_msg :

transition setHello (msg : String)

is_owner = builtin eq owner _sender;

match is_owner with

| False =>
e = {_eventname : "setHello"; code : not_owner_code};
event e

| True =>
welcome_msg := msg;
e = {_eventname : "setHello"; code : set_hello_code};
event e

end

end

B, A% 2479 M3E4 builtin eq owner _sender JEH# transition [ #2155 owner M.
AT WAL, AV E CNEE eq B builtin BT, ZIZFEAFR B /R True B False ,

TEf#: Scilla NHSE SCT— L A RRIRTE XYL Rt o X BURRIRA Rl 8 DA _ T4 140, Scilla FP Y _sender

3.3. Scilla 3LEES 11
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re T 2 BT A 2k k.

MRPE LA SR, transition Sl AN [F] A 73 SORIEATRIAITHS,  HABR TR mipg AR 7 B .

match expr with
| pattern_1 => expr_1
| pattern_2 => expr_2

end

E B E expr MITALIRER S pattern_1 B pattern_ 2 PLRL. AR expr HITHELIRY
pattern_1 PEfig, HRAE T RESMITIFRIEA LS 2 expr_1 o B, UK expr MITHAELRS pattern 2
PUPE, ABARE N AREPITHIFRIB AR expr_2 .

ik, PAFAIEBSCEH TRT if-then-else [JiE4:

match expr with
| True => expr_1
| False => expr_2

end

ARETEMEE

R HE S owner AlA], W transition 23N False 43037, BIEZMM TGS event Kefilk—A-F 4.

PR IRAAREAE K HEE BT NS T o QR O % P B2 R R 5 2910 transition, %3
I R sl m] PAM T 5 2 v REA Ay 0k, HHERIEAT

SRR, X OL T RSO

e = {_eventname : "setHello"; code : not_owner_code};

— M FEHFL vname : value WM, Il B E—RERES (3 W — DS ST B
_eventname , [FIEAIPAGEHA B, BN ERZRBIH ) code FB.

MR AEFRATRR BT, AT transition (124 FRA A48 FHEIILFR, EIAR AT ABERRAT A oA 44 5K -
AWe, R EWARPAZ B AR e 47, RIEE T AT FH IR AU 4 44 Bk i 42 F24F

12 Chapter 3. HZ
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HREZMAE

PR E 2 owner , WELY SV #RF AT AP Bt welcome_msg MHIE NMA S msg . XL 21H
SUVNIE FR AR

welcome_msg := msg;

Hfifg: AP BORELR M AT = 52

ARG, SRS 2Bk —A> code fH} set_hello_code By,

FETE XL

Scilla FYH —LHBNE, EATEMGLYMAhEEAT, MERAREEAE A, (I X#T library &
JEER B, BESE T TE A LRI AR T PR PR W] FEFRATTUHIA s Bl b, PERSHAANR s :

library HelloWorld

ZIEW R G et ident = expr & XHIRUNRBAIRRFF R . FEFRNTMIRBIF, e s R
B RS E

let not_owner_code = Uint32 1

let set_hello_code = Uint32 2

FIXHON IR, FAT G L R BESZE MR T X T

library HelloWorld

let not_owner_code = Uint32 1

let set_hello_code = Uint32 2

contract HelloWorld

(owner: ByStr20)

field welcome_msg : String = ""

transition setHello (msg : String)
is_owner = builtin eg owner _sender;
match is_owner with
| False =>

e = {_eventname : "setHello"; code : not_owner_code};

(FItakss)

3.3. Scilla 3LEES 13
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(£ 50

event e
| True =>
welcome_msg := msg;
e = {_eventname : "setHello"; code : set_hello_code};
event e
end

end

¥ hn%s—~ Transition

FRATINAE VT DABE AN SS — 4 transition getHello () , ‘B AR N FHAEFHIE welcome_msg 2ft 4. B

Y5 setHello (msg : String) Y, B getHello () AHEEL.

transition getHello ()
r <- welcome_msg;
e = {_eventname: "getHello"; msg: r};
event e

end

TR PEEI AT T B (RIREY 1A 20 h e SO B i e A ) R s AT <- 58,

fE transition getHello () W', FATRFESCM A F B, SRS HIE A A F k-

Scilla Jp&5S

FH—BAEMZ R, ek, IR BHE E G2 WA Scilla 25 51, PARRERRIEEXS Scilla

=
MIELATH S, AR T AN,
HYIH Scilla AN KT scilla_version FAEHIHY:

scilla_version O

A 7 0 HH BT A 28 2 5 24 AR 2 T

14
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RiBEERHI

g TSI AR R A, AT (¢ %) SSESRENIERE

(* HelloWorld contract *)

(***************************************************)

(* *)

(***************************************************)

Scilla version

scilla_version 0

(***************************************************)

(* *)

(***************************************************)

Associated library

library HelloWorld

Uint32 1
Uint32 2

let not_owner_code

let set_hello_code

(***************************************************)

(* *)

(***************************************************)

The contract definition

contract HelloWorld
(owner: ByStr20)

field welcome_msg String = ""

transition setHello (msg String)

is_owner builtin eq owner _sender;

match is_owner with
| False =>

e = {_eventname "setHello"; code not_owner_code};

event e

| True =>

welcome_msg msg;

e = {_eventname "setHello"; code set_hello_code};

event e
end
end
transition getHello ()
r <- welcome_msg;
e = {_eventname: r};

"getHello"; msg:

@3

3.3. Scilla SEkkE%R
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event e

end

3.3.2 R’I=: XE

AT, BOVBR T MEITAREE SR N G2 TEARZENSY, TH A & A il 1 KAE K
BEIE#H (owner ) #v B —EE TGS, HEIFERYEE (max_block ) FiRFIHEAHUE MR . T
HH AR BIPRATER QA (goal ), FNTFHATEHEE. I, ALRAA = AR ESH ouner |
max_block Fl goal .

AAEZAAETE SRR FEX— b, RAIFEEIN— AR, Hd goal W™ %
B ERIEE. ARG goal FAMBIA O EUEFTHIMARIL, WZE LA SBEHRE .

BIH B0 Ik, SRS 4 %300 2h 1 B & WA 7 Bt _palance o Scilla H AT A & 2040 AH — A KUY
_balance PR, KA vint128 , FEGFEMERFIMHRAN 0, BHE 7 X ALK H QA 1%

=)

Ho

USRI A 5 BEAEALE R IR TE] RSB F bR, B ARSI - ISR ARG RN, SRR IR I 4 e SE s 1 RIHR 3R
WH SCREE o T AR 2SR A 2RI A

FAWEPIA A AT B

* backers : M\uiikE bl (RAN Bystr20 W(H) B oipk &H00FEWLS, H2RA800 uint128 (HE
Fooro MTHRWIA T, RUILIC LRI A A “Empe (BP%S) Wb, imi i (6 & 29 RENS 1 e 1
F, PANEBI (1 E A AR A T B A W T AR IR 4

* funded : —MIRMEMRE, WIIAHHN False , fRITAERTCAAEESIEAIG A T 4.

%A = transitions : Donate () SRVMEMANAREGSIHEIK, GetFunds () **ULIFHrG & ** 2
BB I 4 B R HAE K4S owner , PAM ClaimBack () FOVFBTHAEAE IS SIS BUSh IS B A 48K

BHSHAENREE

N TR goal je— A" AR IERL, FATEM 7 — M EAZH:

with
let zero = Uintl28 0 in
builtin 1t zero goal

=>

b with A => Z R A R FIR A A LRI T I, OISR True A SERE G Y. X
R T B YA PERIAF goal MIMELA O HEATHRE .

16 Chapter 3. HZ
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EREAAEREE

Bk HIIPAR B g i, PR S A A S Bk H YT, BAT TR R H -5 22 i DX B ey A T HE L
214 i) R g R AT

blk <- & BLOCKNUMBER;

X B BEAE Scilla HhAF —A~% A BNum , DAGRRFE N5 4 IUICAT S 80R I -

Hfipg: A DRHBES O R I AT < & Sei . HIKHREERUR A E B & 29 R

TEER LA R S S AR ER

TEME LN, W HAR A EFEAR AT ASE goal FHRE . EHGAEMIAEI HAR, ALK ELER
S HARIE T

QA LI G AU FIEE X B BRI A2k, TRAE B WIRY _balance FEH, AR PR:

bal <- _balance;

Money #7180 Uint 128 ZERU{H .

Wi AT HAL G A F Bk, _balance FRHEMAEHAAT <- 2HAY. H2, _balance FEIHAEE
1K H A& A messages ()54 (84 accept ) Sl IR ¥ &6 2 bk P (8 40 Fridk
) send $§4) KHEH,

Ai%x Messages
£ Scilla 1, transitions 7] DA AP AL SR . — ROy vA 2T events |, WNET— ARG TR, 3 —F
el 5% send %1% messages.

send T [ HiAtubK 7 ik messages, DA 75— DM REG2Y_ERY transitions, BCEFF B GAAL B AT Pk
3771, events S B B 2T A AR5 Bt A 4 230 s B AR P B 0 IR A5«

B L message, FATH DA FH 5 52 X events B 1A :

msg = {_tag : ""; _recipient : owner; _amount : bal; code : got_funds_code};

message WA 155 W) message TP _tag . _recipient fil _amount . _recipient FEEIHEIELE
SR (H% Byscr20 ), _amount FELREFAIAN ) QA KL,

3.3. Scilla 3LEES 17
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_tag FEHMEFR R R EIBELE _recipient I G LAY transition (String 88) A, WHE
_recipient @M Pk PR HbE, W2 _tag BME, PKICYEREL, FRATXHEEChE, B .

HfR: TR R RIE AR Pk P (6T R A A T e LR e A ) , i ZRC-5
HhAbRifE transition ZFK, U AddFunds .

e T T B2 A, message SE R DA AT EE, BN LTI ICRIFR . 2, SR message MBI 2 &
29, MBI B 4 BRI AT S A el A2 L AT transition 4O A

% ik message ST send FEASEIA, %15 messages FIEMERSH. BT RAEREALF—U L
K ik—4 message, DRIICFRATAE LT —EBREL one_msg A —A~ i message 411513 :

let one_msg =
fun (msg : Message) =>
let nil_msg = Nil {Message} in

Cons {Message} msg nil_msg

Pk ik message, FRATE e message, FRFHAEAL R, KRGk

msg = {_tag : ""; _recipient : owner; _amount : bal; code : got_funds_code};
msgs = one_msg msg;

send msgs

Procedures

Scilla &£ transitions 18 # 75 L AT/ NEL S S TR LA ER, G20 PAE L2 procedures,
X 2 procedures W] DA i £ 2411 transitions 1] ] . procedures if A B TR 205 0 BUMSZ ) . B AL S AIER A,
LTI A ) e A B B

ffi i} 47 procedure HAH] procedure. procedure [t 45 H i ] 4T end mH]. procedure JE8EF J5TH
JE transition ZF%, RJFE () PRRMASE, K52 procedure FITA].

EFRATRBIT, 48 Donate [ transition FFHE =Fp 5O Nl & —1> event : WIERIHMEAER L H I 2 J5 k4,
D) fi % — I event 5 UNERAEIEE DARTHEIE L, WM & 55— M4 15 event; T K4 event filt & A0 TS 2 4H ]
W), FATgeE g X—"14 N DonationEvent [ procedure, 1713 % HIEHfY event:

procedure DonationEvent (failure : Bool, error_code : Int32)

match failure with

| False =>
e = {_eventname : "DonationSuccess"; donor : _sender;
amount : _amount; code : accepted_code};
event e
| True =>
e = {_eventname : "DonationFailure"; donor : _sender;

(Rt
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amount : _amount; code : error_code};
event e
end

end

% procedure HZ NS4 —4> Bool JA, EAM R R —MUFYRNCA RS, KIERAYHE R
(2P

procedure 2 XS4 failure #E4T match o WUERIBMG WA KW, R FFHE 20, Hilk—D 2N
DonationSuccess [ event, &N, UNHEAFMWESI, Nifph % —/~4 K DonationFailure B event, % event
A VEHR procedure {55 N SHGHATIL 16 B R AR o

R R ACRL R T A Fl 250 True 1 0 JEH 4 N DonationEvent i) procedure:

c = True;
err_code = Int32 0;

DonationEvent c err_code;

i 3 Z%0 _sender . _origin fl _amount X} procedure ;2 1] F ), EJ{#i procedure /2 [ transition Jiij
ANRBEAT BTN . EA %ERX SRRk S U E N S5 345 procedure.

{Efft:  procedures 5 FEERBFEML, AT PAMAEAT transition H1iF f] (H 22 transition 27F procedures 2 J5 iE X
B . (ERWE WA NFE AL, FREERECNBETT G 20IRAS, procedures N REA I 1A .

procedures 5 transitions 4 & ZELL, A EATIER AT DAVT R A SO 2PRAS , DASGEEHUE A TH S A A6 A% I B
{HJZ, procedures A AEZERE FVRH , HEEM S 51MiBE T transitions, A it procedures A AR AN FAAE transitions.

RiDEERHI

SEREI A E AL AT

(***************************************************)

(* Scilla version *)

(***************************************************)

scilla_version O

(***************************************************)

(* Associated library *)

(***************************************************)

(Qi¥iE3)
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import BoolUtils
library Crowdfunding
let one_msg =
fun (msg : Message) =>
let nil_msg = Nil {Message} in
Cons {Message} msg nil_msg
let blk_leq =
fun (blkl : BNum) =>
fun (blk2 : BNum) =>
let bcl = builtin blt blkl blk2 in
let bc2 = builtin eqg blkl blk2 in
orb bcl bc2
let get_funds_allowed =
fun (cur_block : BNum) =>
fun (max_block : BNum) =>
fun (balance : Uintl128) =>
fun (goal : Uint128) =>
let in_time = blk_leqg cur_block max_block in
let deadline_passed = negb in_time in
let target_not_reached = builtin 1t balance goal in
let target_reached = negb target_not_reached in
andb deadline_passed target_reached
let claimback_allowed =
fun (balance : Uintl128) =>
fun (goal : Uintl128) =>
fun (already_funded : Bool) =>
let target_not_reached = builtin 1t balance goal in
let not_already_funded = negb already_funded in
andb target_not_reached not_already_funded
let accepted_code = Int32 1
let missed_deadline_code = Int32 2
let already_backed_code = Int32 3
let not_owner_code = Int32 4
let too_early_code = Int32 5
let got_funds_code = Int32 6
let cannot_get_funds = Int32 7
let cannot_reclaim_code = Int32 8
CFIaks:)
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[CAWY)
let reclaimed_code = Int32 9
(F KA A A A A A A A A Ak A A A A KA A A A A A A A AR
(* The contract definition *)
e )
contract Crowdfunding
(* Parameters *)
(owner : ByStr20,
max_block : BNum,
goal : Uintl128)
(* Contract constraint *)
with
let zero = Uintl128 0 in
builtin 1t zero goal
=>
(* Mutable fields *)
field backers : Map ByStr20 Uint128 = Emp ByStr20 Uint128
field funded : Bool = False
procedure DonationEvent (failure : Bool, error_code : Int32)
match failure with
| False =>
e = {_eventname : "DonationSuccess"; donor : _sender;
amount : _amount; code : accepted_code};
event e
| True =>
e = {_eventname : "DonationFailure"; donor : _sender;
amount : _amount; code : error_code};
event e
end
end
procedure PerformDonate ()
c <- exists backers[_sender];
match ¢ with
| False =>
accept;
backers|[_sender] := _amount;
DonationEvent c accepted_code
| True =>
(i3]
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DonationEvent ¢ already_backed_code
end

end

transition Donate ()
blk <- & BLOCKNUMBER;
in_time = blk_leqg blk max_block;
match in_time with
| True =>
PerformDonate
| False =>
t = True;

DonationEvent t missed_deadline_code

end
end
procedure GetFundsFailure (error_code : Int32)
e = {_eventname : "GetFundsFailure"; caller : _sender;
amount : _amount; code : error_code};
event e
end

procedure PerformGetFunds ()
bal <- _balance;
tt = True;
funded := tt;
msg = {_tag : ""; _recipient : owner; _amount : bal; code : got_funds_code};
msgs = one_msg msg;
send msgs

end

transition GetFunds ()
is_owner = builtin eq owner _sender;
match is_owner with
| False =>
GetFundsFailure not_owner_code
| True =>
blk <- & BLOCKNUMBER;
bal <- _balance;
allowed = get_funds_allowed blk max_block bal goal;
match allowed with
| False =>

GetFundsFailure cannot_get_funds

CFoiaks:)
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(2 E30)
| True =>
PerformGetFunds
end
end
end
procedure ClaimBackFailure (error_code : Int32)
e = {_eventname : "ClaimBackFailure"; caller : _sender;
amount : _amount; code : error_code};
event e
end
procedure PerformClaimBack (amount : Uint128)
delete backers|[_sender];
msg = {_tag : ""; _recipient : _sender; _amount : amount; code : reclaimed_code};
msgs = one_msg msg;
e = { _eventname : "ClaimBackSuccess"; caller : _sender; amount : amount; code :.
—reclaimed_code};
event e;
send msgs
end
transition ClaimBack ()
blk <- & BLOCKNUMBER;
after_deadline = builtin blt max_block blk;
match after_deadline with
| False =>
ClaimBackFailure too_early_code
| True =>
bal <- _balance;
f <- funded;
allowed = claimback_allowed bal goal £f;
match allowed with
| False =>
ClaimBackFailure cannot_reclaim_code
| True =>
res <- backers|[_sender];
match res with
| None =>
(* Sender has not donated *)
ClaimBackFailure cannot_reclaim_code
| Some v =>
PerformClaimBack v
(N gken)
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end
end
end

end

333 RBI=: KMXSHF

T =AM, FRAIRF —F I Scilla 4655 14 65 242 A8 A A% 32t T R RIS L AR SR B AT A2 L
W AR RPN AR, BATEE T — R Mg G 2y, o B ] AR — RS2 [ B e AR
MAZH R 7 —Fp 2R

SR A ]
BT, [ B AT 15 HAAR [ S AT A AT . BN, 1 SESCeb BE SR A 1 38o0ed
SRR D (BAE TSR R A AR5 AR B XA o

Zilliqa & 20275 15 it T H AR MTEMSE LI, ZRC2 brE R RALICT R E 17— e, A
FHEABI R E . RATASHETHE R AL2 T TARRY, HUR 45 I S C TR i LA 2510 -

X5HE

FA A AT 04 o Bt SR DA T i
© RRGIAVZ LT, X AT R A A e BEF A TR el HAC T AR ARAR IR (1
in,” USD” FIR3ET0).
o ZGPMZIGEA—NERR . FHAATHHERT AL, HR ARG P . B R T DR R
DU AR AL .
o AEAT I PE T ATERZ B B R B, O TR R PR E AR S AR, ARt AT, AR 3K
MRS, AR DA R . 2R — SRR CRIEECRY) 15
o LKA T RGN, G AN R R XTI AR, R
LGRS RZ B MIHFFA BN, EENIT R ik .
o ATARTH PR AT DADCERZ 5 BTG BROT B S T USRI R, LB A A R R U BCAY T B
o Y PAEICEIT BRI, K25 BT AR R S A 1T B A A S AT . A SR 5
B, LK BT R BN B P BRI AL BT SRR g, KT B8 RH AT BRI L
KRR At . AR MY L )5, 5 B MR 5 T 5.

N T RIS IR SR R AT BOF TR . BRIIT B 3T SRR DASE LT BRI RCER AR

A REEFRYRE S . T BARER A VUEL . BRARAS S AR A . A2 B e 24, RATSE I E @ se PR S A Th
ek E—2 3ok Scilla,
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ETERAE

TS BT IAAATEBR , EE . B T R A B IR T, TR AT X T AT
B admin RHERAETR, RN initial_admin , EENARTAESHA R

contract SimpleExchange

(
initial_admin : ByStr20 with end

field admin : ByStr20 with end = initial_admin

admin FEHRAIE ByStr20 with end, @ —FHbhbZA, IEWMFERTHAIG] T+, Bystr20 @K
20 WEAFERRAL ) (IR PRAEZEN A AN BK , 249% FAF ER RN M 2% bk i, %tk A 25T
R, I HAzHuhE AL i) 2R 02003 /2 with Fl end BT 2 AT 25

TEEXFPELL T, with fll end ZHBA AN, BIERATABOMIER . (H2, Mk 1 e
ALY - 4500 Scilla FEARTEZ HHA SRR . (M35 BT S5 B AL H RS, AR R
HuA T b bR )

HZA> transition FFEALE _sender ZAYHIH admin , [NIIEFATE L~ procedure HeA 2L X i Ut :

procedure CheckSenderIsAdmin ()
current_admin <- admin;
is_admin = builtin eq _sender current_admin;
match is_admin with
| True => (* Nothing to do *)
| False =>

(* Construct an exception object and throw it *)

e = { _exception : "SenderIsNotAdmin" };
throw e
end

end

W _sender ;& MFIE LG, WA WAS KA, 8L procedure (4T transition #S ] PAZKLE . (Hig, 4N
MR« _sender* 2 HA A, W% procedure 25| & 5, MIMFECYHIFH 5 1k

Fef i B4 2H O RERSKFAE B B A (R 45 HLt N, TR RAT T SCIRATAY 25— transition SetAdmin , #IF:

transition SetAdmin (new_admin : ByStr20 with end)

(* Only the former admin may appoint a new admin *)

CheckSenderIsAdmin;
admin := new_admin
end

transition <3 fi] procedure CheckSenderIsAdmin , IR AIE TR, WA REWRILELEHRA, FHik
FOVPRHE B LA GG R AN o B B B A (R A2 TE A A b
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Intermezzo: KRKTAEEEBRT

FEFRAVAREE MFA T A 5 T s BE 2w, FRATAE S 1 ARAC T & LAl e Jl P Z 1R A AT
ZRC2 FAMARHEE LT — 5Bt balances SR BN FHA Z U

field balances: Map ByStr20 Uint128

IR, XX FRATHI S G Bt ARl A . PO ATA LA SRV 52 5 BT e ¥ J8 158 5 B A B AS M HeAth A
(VDE

FIBCH, ZRC2 FRifERE ST 5 —A~7 Br allowances , HiA MM il DA €Ok FevF 55— a5
A 2 A 2

field allowances: Map ByStr20 (Map ByStr20 Uint128)

Bilgn, i Alice 2457 Bob 100 AT HELA, 2R T AHLTH allowances WL RF AL 55 (H
allowances [<address of Alice>] [<address of Bob>] = 100 ., X< i Bob i i 100 4~ Al-

ice (AT, SEMMMECH—FE. (Alice 2K DASRIRICAT, % Bob iR A AEmIX LEA T ) .

FER PR ITRZ |, P B A 5 B fe A AR 2 B A A B DA ST B SRIG TP A AT RARIT 8, [
5 el E SRS 2. KRGS MEZE A SR P Rea, EENTRTEC .
Kb, e PIEBCIT BB, R A 5 B A B AR S AT A EC A 285 i A T PAPC L
TH, ARG S AR S L. RS, LHIFEMERA TITRAN T, HRHUTRR LT
BE P, X SRR A AR il /e VT RIS 45 H L IIIRLE

N TR PR S B A B AR, AT EAEACT AL R P R E allowances T, HAIABT
AT IR

ByStr20 with contract field allowances : Map ByStr20 (Map ByStr20 Uintl128) end

5 admin FE—FE, WATEORMIEIEAEM A F. Ah, AL with il end Z[R]HJEEK:
* KT contract $55E: MBI AZAME, AR A .

o KEEF field #5E: MIRELMAEL S BAHEE S PRI E FE B Al A8 7 B o

]

Ao IR B BT, BRI ARFEA 5 e e o Ff i ad i KM (String ) FIUMdhE
AR IBRIRS S S BIX — A

field listed_tokens :
Map String (ByStr20 with contract
field allowances : Map ByStr20 (Map ByStr20 Uint128)

end)

(FItakss)
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= Emp String (ByStr20 with contract
field allowances : Map ByStr20 (Map ByStr20 Uintl128)

end)

HA RS FAGHAT, F IR AT X B A A procedure CheckSenderIsAdmin o

WA, ATHEERS 28 ERMATEAEARARTABHYAT. ik, FATE LT — procedure
CheckIsTokenUnlisted &M EEHE X N listed_tokens BG4,

library SimpleExchangeLib

let false = False

contract SimpleExchange (...)

procedure ThrowListingStatusException (

token_code : String,

expected_status : Bool,

actual_status : Bool)

e = { _exception : "UnexpectedListingStatus";
token_code: token_code;
expected : expected_status;
actual : actual_status };

throw e

end

procedure CheckIsTokenUnlisted (

token_code : String

)

(* Is the token code listed? *)

token_code_is_listed <- exists listed_tokens|[token_code];

match token_code_is_listed with

| True =>
(* Incorrect listing status *)
ThrowListingStatusException token_code false token_code_is_listed

| False => (* Nothing to do *)

end

end

EIRFATE XL T — %58 procedure ThrowListingStatusException , BIAMAHIEH Fi . XAER
RS G985 AT T 1T B0 transition B, FEMIRATR R AT bW LR me s C L4
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FATEAE G LI 2 ST HH false o XIEA Scilla ZRFTAEAN TR Z BrATLA a4 . TEPEAH

Hh o S AT DAR IR AT R SR transition fGRS:

(* Incorrect listing status *)
false = False; (* We don't want to do it 1like this *)

ThrowListingStatusException token_code false token_code_is_listed

A T #5 8 procedure , FRATINAE W] DAE X transition ListToken [, I Fffs:

transition ListToken (

token_code : String,

new_token : ByStr20 with contract field allowances : Map ByStr20 (Map ByStr20._
Uint128) end

)

(* Only the admin may list new tokens. *)
CheckSenderIsAdmin;
(* Only new token codes are allowed. *)

CheckIsTokenUnlisted token_code;
(* Everything is ok. The token can be listed *)
listed_tokens|[token_code] := new_token

end

T8

FORATHR, P AR AR B A AR AR, RASC A AR 2 SR A AR AR . IR B U

RS 28, AR B procedure ThrowListingStatusException ifE:

transition PlaceOrder (
token_code_sell : String,
sell_amount : Uint128,
token_code_buy: String,
buy_amount : Uint128
)
(* Check that the tokens are listed *)
token_sell_opt <- listed_tokens[token_code_sell];
token_buy_opt <- listed_tokens|[token_code_buy];
match token_sell_opt with
| Some token_sell =>
match token_buy_opt with

| Some token_buy =>

| None =>
(* Unlisted token *)

ThrowListingStatusException token_code_buy true false

@3
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end
| None =>

(* Unlisted token *)

ThrowListingStatusException token_code_sell true false
end

end

WERPIAUTAR EZET, BRAT A et ) 2 5 58 o) B i T RS R BCAR . 2455 — S LT B
FATHF ORI, FIFRATE LT — M B) procedure CheckAllowance RAFTHIA:

procedure CheckAllowance (

token : ByStr20 with contract field allowances : Map ByStr20 (Map ByStr20 Uintl28)._
—end,

expected : Uintl128

)

end

N T AT, NFEEREERATEAPWE S 7B, FAIX _sender 24325 B i Bt 4k 2%
W, Ho bkl — MR AR T AS B _this_address W, BT RAFRATAR G AR SR BRI A 24 I B AR
allowances|[_sender] [_this_address] H/{H.

Scilla H AR U ST IEAT <— & PATHY, FATEN . F8E RANEIRRR BRI G YAMFFZ . Hit, mfk
B AT -

actual_opt <-& token.allowances|_sender] [_this_address];

RBNTRAT A BRI, ACEREB BRI 45— AT (. RXET v I 45 0 some v,
W P A 2 Bt 7 v AR IE A, MRS RN None , W] FHRASBCA SR ALECAT. HIL, FRATFEZXTES
AT IEHE AAT 52 b (1 5 -

(* Find actual allowance. Use 0 i1f None is given *)
actual = match actual_opt with

| Some x => x

| None => zero

end;

AR, FRATHRAE G E & U & zero = Uint128 0.
FATEAETT DAKF S PR BC AR 5 T AW O BB A T EL A, AR SERBR AU L, Tl S

is_sufficient = uintl128_le expected actual;
match is_sufficient with
| True => (* Nothing to do *)

| False =>

(Rt
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ThrowInsufficientAllowanceException token expected actual

end

PREL uint128_le @ —ASEH AL, EXT vint128 FAPERIT/ N TS T R %R B FE AR IE
FERY IntUtils #B40E LW, FTPAh T A Z ek gL, AT IntUtils FAGZ, X E LIE
scilla_version ZJG, BAFEENLZHI:

scilla_version O

import IntUtils

library SimpleExchangeLib

FATTIA ) % Bh procedure ThrowInsufficientAllowanceException YEEMEIA JE ML H F5 , B pro-
cedure CheckAllowance AU Fm:

procedure ThrowInsufficientAllowanceException (

token : ByStr20,

expected : Uintl28,

actual : Uint128)

e = { _exception : "InsufficientAllowance";
token: token;
expected : expected;
actual : actual };

throw e

end

procedure CheckAllowance (
token : ByStr20 with contract field allowances : Map ByStr20 (Map ByStr20 Uint128).
—end,
expected : Uintl1l28
)
actual_opt <-& token.allowances|[_sender][_this_address];
(* Find actual allowance. Use 0 if None is given *)
actual = match actual_opt with
| Some x => x
| None => zero
end;
is_sufficient = uintl128_le expected actual;
match is_sufficient with
| True => (* Nothing to do *)
| False =>

ThrowInsufficientAllowanceException token expected actual

CFoiaks:)
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end

end

transition PlaceOrder (

token_code_sell : String,
sell_amount : Uint128,
token_code_buy: String,
buy_amount : Uintl28
)
(* Check that the tokens are listed *)
token_sell_opt <- listed_tokens|[token_code_sell];
token_buy_opt <- listed_tokens|[token_code_buy];
match token_sell_opt with
| Some token_sell =>

match token_buy_opt with

| Some token_buy =>

(* Check that the placer has allowed sufficient funds to be accessed *)

CheckAllowance token_sell sell_amount;

| None =>
(* Unlisted token *)
ThrowListingStatusException token_code_buy true false
end
| None =>
(* Unlisted token *)
ThrowListingStatusException token_code_sell true false
end

end

WER PG T 5 G HEIE, ol AR AT &5 E, PAENSLS BT A BRI REH A
HAFEAEA T ALY LA K transition 58 TransferFrom, fifje Transfer , JF#&MEREE H O
MR, AR AEE PR HAL NSRBI A B

1T SR RORAR BT AT A 7R 2T, TR TR IO & 29 P v i B R B U S, (AR FR

— A true ):

library SimpleExchangelib

let true = True

let one_msg : Message -> List Message =

fun (msg : Message) =>
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let mty = Nil { Message } in

Cons { Message } msg mty

let mk_transfer_msg : Bool -> ByStr20 -> ByStr20 -> ByStr20 -> Uintl28 -> Message =
fun (transfer_ from : Bool) =>
fun (token_address : ByStr20) =>
fun (from : ByStr20) =>
fun (to : ByStr20) =>
fun (amount : Uintl128) =>
let tag = match transfer_from with
| True => "TransferFrom"
| False => "Transfer"
end
in
{ _recipient : token_address;
_tag : tag;
_amount : Uintl128 O0; (* No Zil are transferred, only custom tokens *)
from : from;
to : to;

amount : amount }

let mk_place_order_msg : ByStr20 -> ByStr20 -> ByStr20 -> Uintl28 -> List Message =
fun (token_address : ByStr20) =>
fun (from : ByStr20) =>
fun (to : ByStr20) =>
fun (amount : Uintl128) =>
(* Construct a TransferFrom messsage to transfer from seller's allowance to.
—exhange *)
let msg = mk_transfer_msg true token_address from to amount in
(* Create a singleton 1list *)

one_msg msg

contract SimpleExchange (...)

transition PlaceOrder (
token_code_sell : String,
sell_amount : Uintl128,
token_code_buy: String,
buy_amount : Uintl28
)
(* Check that the tokens are listed *)

[ 23]
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token_sell_opt <- listed_tokens[token_code_sell];
token_buy_opt <- listed_tokens[token_code_buy];
match token_sell_opt with
| Some token_sell =>
match token_buy_opt with
| Some token_buy =>
(* Check that the placer has allowed sufficient funds to be accessed *)
CheckAllowance token_sell sell_amount;
(* Transfer the sell tokens to the exchange for holding. Construct a.
—TransferFrom message to the token contract. *)
msg = mk_place_order_msg token_sell _sender _this_address sell_amount;
(* Send message when the transition completes. *)

send msg;

| None =>
(* Unlisted token *)
ThrowListingStatusException token_code_buy true false
end
| None =>
(* Unlisted token *)
ThrowListingStatusException token_code_sell true false
end

end

9

B, FANITHLAARERT ., PAGE R nT ARCRCIT 8. it JATE LT — 4S8R order , B &R
ZPTRCIT BRI TR T A R

(* Order placer, sell token, sell amount, buy token, buy amount *)
type Order =
| Order of ByStr20

(ByStr20 with contract field allowances : Map ByStr20 (Map ByStr20._
-Uintl128) end)

Uint128

(ByStr20 with contract field allowances : Map ByStr20 (Map ByStr20._
-Uintl128) end)

Uint128

Order RAUME AN R EL Order | AUTTIHBIEANIEE Y 5 B AT Bl DA B A T3 Motk 0 S ) AT 50
i

FATEFE MG MIT RS (KA Uint128 ) F order WML FE, EFmUHIEZIIITH. It
b, BAVRETGE—FPLLE—TT S 8k, IIERATHREE P BoR A B ) R — T B

3.3. Scilla 3LEES 33




scilla 373044, A% 0.7.1

field active_orders : Map Uintl1l28 Order = Emp Uintl128 Order

field next_order_no : Uintl28 = zero

BRI R, FATFEA B —AHT 8BS, KA RIWTT BS AT AP TE active_orders MU,
JEHEMN next_order_no FE; (i flFE# & one = Uint128 1), PAENAEBTT—MTH. AT EIR
TE— 4 ) procedure AddOrder W, F¥E transition PlaceOrder FRII—XF%Z procedure [71F F -

procedure AddOrder (
order : Order
)
(* Get the next order number *)
order_no <- next_order_no;
(* Add the order *)
active_orders[order_no] := order;
(* Update the next_order_no field *)
new_order_no = builtin add order_no one;
next_order_no := new_order_no

end

transition PlaceOrder (

token_code_sell : String,

sell_amount : Uintl128,

token_code_buy: String,

buy_amount : Uintl128

)

(* Check that the tokens are listed *)

token_sell_opt <- listed_tokens|[token_code_sell];

token_buy_opt <- listed_tokens[token_code_buy];

match token_sell_opt with

| Some token_sell =>

match token_buy_opt with
| Some token_buy =>
(* Check that the placer has allowed sufficient funds to be accessed *)
CheckAllowance token_sell sell_amount;
(* Transfer the sell tokens to the exchange for holding. Construct a.
—TransferFrom message to the token contract. *)

msg = mk_place_order_msg token_sell _sender _this_address sell_amount;
(* Send message when the transition completes. *)
send msg;
(* Create order and add to 1list of active orders *)
order = Order _sender token_sell sell_amount token_buy buy_amount;

AddOrder order

| None =>

@3
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(* Unlisted token *)
ThrowListingStatusException token_code_buy true false
end
| None =>
(* Unlisted token *)
ThrowListingStatusException token_code_sell true false
end

end

PlaceOrder MIEC A58, HibF/b—{F3, ZRC2 X MIREME, 24T transition TransferFrom i,
RTRHE R KRG HNCEM _sender  (FRNAEF) , PAHRBERIMAT LM M. XLE@AFR A EIE.
THAT A G FiAE 3L AT BT transition TransferFrom , I HH T35 FraX LR mnyslics, A
T B E AT DAAL BRI 4> [T ) transition WRIRATA IR, B2 BIRASHER R, S ECEA
PlaceOrder %5 KK,

RMELEFAR MR RENCE , RIS E AN T8 MR, DAB IR AR 8] J0yA L BT
FA R G2 A . BN, WA AEARTTH S — ARl kR M54R3 Helloworld 44y, A4
PR ABE, Hh HelloWorld AATCEX R TAE M #AE.

A2 55 it R HEA TG BT SR AT, (BRI A 2T AL A 1T Bk 1) 52 5 i ik, T A
AR LA It L T H ORI FE IR . Bk, F8A7a LT —A4> procedure CheckInitiator , 4l
AW R EAR GG /AL, B RE, H A [ transition H1iH 1% procedure :

procedure CheckInitiator (
initiator : ByStr20)
initiator_is_this = builtin eq initiator _this_address;
match initiator_is_this with

| True => (* Do nothing *)

| False =>
e = { _exception : "UnexpecedTransfer";
token_address : _sender;
initiator : initiator };
throw e
end
end

transition RecipientAcceptTransferFrom (
initiator : ByStr20,
sender : ByStr20,
recipient : ByStr20,
amount : Uintl128)
CheckInitiator initiator

end

(Rt
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transition TransferFromSuccessCallBack (
initiator : ByStr20,
sender : ByStr20,
recipient : ByStr20,
amount : Uintl128)
CheckInitiator initiator

end

AT

1T transition MatchOrder , FATA PAF)F _E—37 F 8 X422 % B B Z0FT procedure
P E A BT T B RIS IRATIE active_orders BRESH AT S QERFA BT RN )

R

(55 .

transition MatchOrder (
order_id : Uint128)
order <- active_orders|[order_id];

match order with

| Some (Order order_placer sell_token sell_amount buy_token buy_amount) =>
| None =>
e = { _exception : "UnknownOrder";

order_id : order_id };
throw e
end

end

T UEECIT R, PCRCE AR LRSI SR AACTIBIE . X2 i3 ATTZ 1 E X1 procedure CheckAllowance
FrAry, A AT B ) BB EE ] procedure

transition MatchOrder (
order_id : Uint128)
order <- active_orders[order_id];
match order with
| Some (Order order_placer sell_token sell_amount buy_token buy_amount) =>
(* Check that the placer has allowed sufficient funds to be accessed *)

CheckAllowance buy_token buy_amount;

| None =>
e = { _exception : "UnknownOrder";
order_id : order_id };

throw e

(FoUAkRZE)
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end

end

FMTIAET EA PRI R — R ERRANT ERY TransferFrom JHE, FFILALHE WAL %
TR, 57— &HERLZHATER Transfer {HE, FFPFRAAM A MR RIS . R,
FRATRE S By R ROR A i B -

library SimpleExchangeLib

let two_msgs : Message —-> Message —> List Message =

fun (msgl : Message) =>
fun (msg2 : Message) =>
let first = one_msg msgl in

Cons { Message } msg2 first

let mk_make_order_msgs : ByStr20 -> Uint128 -> ByStr20 -> Uintl128 >
ByStr20 -> ByStr20 -> ByStr20 -> List Message =
fun (token_sell_address : ByStr20) =>
fun (sell_amount : Uintl128) =>
fun (token_buy_address : ByStr20) =>
fun (buy_amount : Uintl128) =>
fun (this_address : ByStr20) =>
fun (order_placer : ByStr20) =>
fun (order_maker : ByStr20) =>
(* Construct a Transfer messsage to transfer from exchange to maker *)
let sell_msg = mk_transfer_msg false token_sell_address this_address order_maker.
—sell_amount in
(* Construct a TransferFrom messsage to transfer from maker to placer *)
let buy_msg = mk_transfer_msg true token_buy_address order_maker order_placer.
—buy_amount in
(* Create a singleton 1list *)

two_msgs sell_msg buy_msg

contract SimpleExchange (...)

transition MatchOrder (

order_id : Uintl128)

Qi3]
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order <- active_orders|[order_id];
match order with
| Some (Order order_placer sell_token sell_amount buy_token buy_amount) =>
(* Check that the placer has allowed sufficient funds to be accessed *)
CheckAllowance buy_token buy_amount;
(* Create the two transfer messages and send them *)
msgs = mk_make_order_msgs sell_token sell_amount buy_token buy_amount _this_
—address order_placer _sender;

send msgs;

| None =>
e = { _exception : "UnknownOrder";
order_id : order_id };
throw e
end

end

BT IAEC VLR, B AN N FRRFHA TG s B, IR AR active_orders {4 H :

transition MatchOrder (
order_id : Uint128)
order <- active_orders|[order_id];
match order with
| Some (Order order_placer sell_token sell_amount buy_token buy_amount) =>
(* Check that the placer has allowed sufficient funds to be accessed *)
CheckAllowance buy_token buy_amount;
(* Create the two transfer messages and send them *)
msgs = mk_make_order_msgs sell_token sell_amount buy_token buy_amount _this_
—address order_placer _sender;
send msgs;
(* Order has now been matched, so remove it *)
delete active_orders[order_id]
| None =>
e = { _exception : "UnknownOrder";
order_id : order_id };
throw e
end

end

transition MatchOrder F|ILRL4 R 1, (HIEATFHE B E L—AFHMA a1 transition, 1T B, FRATHAT
transition TransferFrom , {HIMFEFRATHINAT transition Transfer , X474 RN [A R B :

transition TransferSuccessCallBack (

initiator : ByStr20,

CFoiaks:)
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sender : ByStr20,
recipient : ByStr20,
amount : Uintl128)

(* The exchange only accepts transfers that it itself has initiated. *)

CheckInitiator initiator

end

TR, RNIATFEISEMTEM transition Transfer F2I LTI R transition, PR35 Fikit A& H O AE
REEWHE AT Transfer o g 584 @ SCIE transition, A TRALIR T AR 5y Ve R lioy b4 7 ik
ML, BAEOT IR RS Z) e B2 VURCHY transition, 3RS BN K 22 ) 2R T

REBFEERE

HATBHEC S sl e B G 2 —1):

scilla_version 0

import IntUtils

library SimpleExchangeLib

(* Order placer, sell token, sell amount, buy token,

type Order =
| Order of ByStr20

(ByStr20 with contract field allowances
—Uintl128) end)

Uint128

(ByStr20 with contract field allowances
-Uintl128) end)

Uint128

(* Helper values and functions *)
let true = True
let false = False

let zero = Uintl128 0
let one = Uintl128 1

let one_msg : Message -> List Message =
fun (msg : Message) =>
let mty = Nil { Message } in

Cons { Message } msg mty

buy amount

: Map ByStr20

: Map ByStr20

*)

(Map ByStr20._

(Map ByStr20.

(h

5

oy

29
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let two_msgs Message -> Message -> List Message

fun (msgl Message) =>

fun (msg2 =>

let first

Message)

one_msg msgl in

Cons { Message } msg2 first

let mk_transfer_msg

Bool -> ByStr20 -> ByStr20 -> ByStr20 -> Uintl128 -> Message

fun (transfer_ from

fun (token_address
ByStr20)
ByStr20)

Uint128)

fun (from

fun (to =>
fun

let tag

(amount

| True =>
| False =>
end
in
{ _recipient
_tag tag;
_amount Uint128 0
from;

to;

from
to
amount amount }
let mk_place_order_msg
fun (token_address
ByStr20)
ByStr20)

Uint128)

fun (from

fun (to =>

fun (amount

Bool)
ByStr20)

token_.

ByStr20)

=>

=>

=>

>

=>

match transfer_ from with

"TransferFrom"

"Transfer"

address;

(* No Zil are transferred, only custom tokens *)

’

ByStr20 -> ByStr20 -> ByStr20 -> Uintl128 -> List Message

=>

=>

(* Construct a TransferFrom messsage to transfer from seller's allowance to.

—exhange *)

let msg

(* Create a singleton 1list

one_msg msg

let mk_make_order_msgs

fun
fun (sell_amount
fun (token_buy_address
fun (buy_amount
fun (this_address

fun (order_placer

(token_sell_address

Uint128)

Uint128)
ByStr20)
ByStr20)

mk_transfer_msg true token_address from to amount in

*)

ByStr20 -> Uintl128 -> ByStr20 -> Uintl128 >
ByStr20 -> ByStr20 -> ByStr20 -> List Message
ByStr20)

=>
=>
ByStr20) =>
=>

=>

=>

[

e

S

n

23]
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fun (order_maker : ByStr20) =>
(* Construct a Transfer messsage to transfer from exchange to maker *)
let sell _msg = mk_transfer_msg false token_sell_address this_address order_maker.
—sell_amount in
(* Construct a TransferFrom messsage to transfer from maker to placer *)

let buy_msg = mk_transfer_msg true token_buy_address order_maker order_placer buy_

—amount in
(* Create a singleton 1list *)

two_msgs sell_msg buy_msg

contract SimpleExchange
(
(* Ensure that the initial admin 1s an address that 1s in use *)

initial_admin : ByStr20 with end

(* Active admin. *)

field admin : ByStr20 with end = initial_admin

(* Tokens listed on the exchange. *)
(* We identify the token by its exchange code, and map it to the address *)
(* of the contract implementing the token. The contract at that address must *)
(* contain an allowances field that we can remote read. *)
field listed_tokens

Map String (ByStr20 with contract

field allowances : Map ByStr20 (Map ByStr20 Uintl128)
end)
= Emp String (ByStr20 with contract
field allowances : Map ByStr20 (Map ByStr20 Uintl128)

end)

(* Active orders, identified by the order number *)

field active_orders : Map Uintl28 Order = Emp Uint128 Order

(* The order number to use when the next order is placed *)

field next_order_no : Uintl28 = zero

procedure ThrowListingStatusException (
token_code : String,

expected_status : Bool,
actual_status : Bool)

e = { _exception : "UnexpectedListingStatus";

[ 23]
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token_code: token_code;

expected : expected_status;

actual : actual_status };
throw e

end

procedure ThrowInsufficientAllowanceException (

token : ByStr20,

expected : Uint128,

actual : Uint128)

e = { _exception : "InsufficientAllowance";
token: token;
expected : expected;
actual : actual };

throw e

end

(* Check that _sender is the active admin. *)
(* If not, throw an error and abort the transaction *)
procedure CheckSenderIsAdmin ()

current_admin <- admin;

is_admin = builtin eq _sender current_admin;

match is_admin with

| True => (* Nothing to do *)

| False =>

(* Construct an exception object and throw it *)

e = { _exception : "SenderIsNotAdmin" };
throw e
end

end

(* Change the active admin *)
transition SetAdmin (
new_admin : ByStr20 with end
)
(* Only the former admin may appoint a new admin *)
CheckSenderIsAdmin;
admin := new_admin

end

(* Check that a given token code is not already listed.

procedure CheckIsTokenUnlisted (

token_code : String

If it is,

throw an error. *)

[ 23]
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)
(* Is the token code listed? *)
token_code_is_listed <- exists listed_tokens[token_code];
match token_code_is_listed with
| True =>
(* Incorrect listing status *)
ThrowListingStatusException token_code false token_code_is_listed

| False => (* Nothing to do *)

end
end
(* List a new token on the exchange. Only the admin may list new tokens. *)
(* If a token code is already in use, raise an error *)

transition ListToken (

token_code : String,

new_token : ByStr20 with contract field allowances : Map ByStr20 (Map ByStr20_
-Uintl128) end

)

(* Only the admin may list new tokens. *)
CheckSenderIsAdmin;
(* Only new token codes are allowed. *)

CheckIsTokenUnlisted token_code;
(* Everything is ok. The token can be listed *)
listed_tokens[token_code] := new_token

end

(* Check that the sender has allowed access to sufficient funds *)
procedure CheckAllowance (
token : ByStr20 with contract field allowances : Map ByStr20 (Map ByStr20 Uintl128).
—end,
expected : Uintl1l28
)
actual_opt <-& token.allowances|[_sender][_this_address];
(* Find actual allowance. Use 0 if None 1is given *)
actual = match actual_opt with
| Some x => x
| None => zero
end;
is_sufficient = uintl128_le expected actual;
match is_sufficient with
| True => (* Nothing to do *)
| False =>

ThrowInsufficientAllowanceException token expected actual

[ 23]

3.3. Scilla sti;iES%R 43




scilla th3r 3044, %% 0.7.1

end

end

procedure AddOrder (
order : Order
)
(* Get the next order number *)
order_no <- next_order_no;
(* Add the order *)
active_orders[order_no] := order;
(* Update the next_order_no field *)
new_order_no = builtin add order_no one;
next_order_no := new_order_no

end

(¥ Place an order on the exchange *)
transition PlaceOrder (
token_code_sell : String,
sell_amount : Uint128,
token_code_buy: String,
buy_amount : Uintl128
)
(* Check that the tokens are listed *)
token_sell_opt <- listed_tokens[token_code_sell];
token_buy_opt <- listed_tokens|[token_code_buy];
match token_sell_opt with
| Some token_sell =>
match token_buy_opt with
| Some token_buy =>
(* Check that the placer has allowed sufficient funds to be accessed *)
CheckAllowance token_sell sell_amount;
(* Transfer the sell tokens to the exchange for holding. Construct a.
—TransferFrom message to the token contract. *)
msg = mk_place_order_msg token_sell _sender _this_address sell_amount;
(* Send message when the transition completes. *)
send msg;
(* Create order and add to 1list of active orders *)
order = Order _sender token_sell sell_amount token_buy buy_amount;
AddOrder order
| None =>
(* Unlisted token *)
ThrowListingStatusException token_code_buy true false

end

[ 23]
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[CAWY)
| None =>
(* Unlisted token *)
ThrowListingStatusException token_code_sell true false
end
end
transition MatchOrder (
order_id : Uintl128)
order <- active_orders[order_id];
match order with
| Some (Order order_placer sell_token sell_amount buy_token buy_amount) =>
(* Check that the placer has allowed sufficient funds to be accessed *)
CheckAllowance buy_token buy_amount;
(* Create the two transfer messages and send them *)
msgs = mk_make_order_msgs sell_token sell_amount buy_token buy_amount _this_
—address order_placer _sender;
send msgs;
(* Order has now been matched, so remove 1t *)
delete active_orders|[order_id]
| None =>
e = { _exception : "UnknownOrder";
order_id : order_id };
throw e
end
end
procedure CheckInitiator (
initiator : ByStr20)
initiator_is_this = builtin eq initiator _this_address;
match initiator_is_this with
| True => (* Do nothing *)
| False =>
e = { _exception : "UnexpecedTransfer";
token_address : _sender;
initiator : initiator };
throw e
end
end
transition RecipientAcceptTransferFrom (
initiator : ByStr20,
sender : ByStr20,
recipient : ByStr20,
(N gken)
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amount : Uint128)

(* The exchange only accepts transfers that it itself has initiated.

CheckInitiator initiator

end

transition TransferFromSuccessCallBack (
initiator : ByStr20,
sender : ByStr20,
recipient : ByStr20,
amount : Uintl128)

(* The exchange only accepts transfers that it itself has initiated.

CheckInitiator initiator

end

transition TransferSuccessCallBack (
initiator : ByStr20,
sender : ByStr20,
recipient : ByStr20,
amount : Uintl128)

(* The exchange only accepts transfers that it itself has initiated.

CheckInitiator initiator

end

*)

*)

*)

IEIMA AR, BAVPRFF AR, PAPREFRT Scilla ZHREM KT

N TR RGE Scilla, FATEHEE A MIHALIIRE, BIBGEAT BT, BUHITER ., A 2R IR DA
T BV AR P I CE R A WL e 1T B AT BRI DB . SO G R S5 e 5 e 45

3.4 Scilla FERr

3.4.1 Scilla §#)4#

Scilla &£ —ESHTE T AR A Behaa it -

o BGYPA scilla_version EIFLG, BIEHAELM K Scilla £ A,

o RIER—AUEAEEE R Library A, BN, —NTREMAAT/R AND FYREL, Si— MRS E

ERSAUIE b8
o RFRBRHIH KT contract FRIARYSEIRELE L.
s EELH, AP AFRTE
LS T A AR A SR
2. S WOMEIA T AR LR, ARIRILETRE A A AU A R .

46
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3. =Ry R T AT AR B
4. FHPUHER LS A transition fll procedure 5E X,

(* Scilla contract structure *)

(***************************************************)

(* Scilla version *)

(***************************************************)

scilla_version 1
(***************************************************)

(* Associated library *)

(***************************************************)

library MyContractLib

(* Library code block follows *)

(***************************************************)

(* Contract definition *)

(***************************************************)

contract MyContract

(* Immutable contract parameters declaration *)

(vname_1 : vtype_1,

vname_2 : vtype_2)
(* Contract constraint *)
with

(* Constraint expression *)
=>

(* Mutable fields declaration *)

field vname_1 : vtype_1 = init_val_ 1

field vname_2 : vtype_2 = init_val_2

(* Transitions and procedures *)

[ iEE3)
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(* Procedure signature *)

procedure firstProcedure (param_1 : type_1, param_2 : type_2)
(* Procedure body *)

end

(* Transition signature *)

transition firstTransition (param_1 : type_1, param_ 2 : type_2)
(* Transition body *)

end

(* Procedure signature *)

procedure secondProcedure (param_1 : type_1, param_2 : type_2)
(* Procedure body *)

end

transition secondTransition (param_1: type_1)

(* Transition body *)

end

FEAEEHSH

AN BESHREGANYIGSE, REAGARERNE L, ZRTEBN.
AR R DA R TR IR A

(vname_1 : vtype_1,
vname_2 : vtype_2,
)

FAFEWEOE DS (—DRRAF), FIREREE, 1 . 2028050, 2. 800
PR ACAE AL E G LR E -

Hfg: B TR AESESN, Scilla G20 1A AT R A T2 G425

1. _this_address of type By St r20, which is initialised to the address of the contract when the contract
is deployed.

2. _creation_block of type BNum, which is initialized to the block number at which the contract is /
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was deployed.
SR TE S B BEH, TN <- SRBGHERITIHRA, HF HABEREA = B

BHYR

AR RN G SR EOR . GG 7 e & 28 5 SRS G LA Tk, Al
By 1A 200 TE B S SR TR

B PA A I A 2 2R

with

LI/ Bool FE IR

TERSE G LR AL . SCAARHAE N True B, GFRTEEA M. WRAELR N False , WHER
@

R AR BT, B A AL REZI IR 2 R SRR B A IR RE IR & 24

contract Mortal (end_of_life : BNum)
with
builtin blt _creation_block end_of_life

=>

EIHARES R B TR T LA 29 Ak iR R G B _creation_block .

MR AEUETRAROE TR . SRR, MBS R A R B EIA T True .

AEFE

AT B R G AR AR (AR ) . EAHEATASHZ JGHEN], A AEIHIA KT £ield JyHl

B

field vname_1 : vtype_1 = expr_1
field vname_2 : vtype_2 = expr_2

X H N TR AR X F R VIR E IR E T, X g IR EE 52 T & AMPIEIRES. BELPIT
transition H}, XL FEEHSHIBE N
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MR BT RAEIR AR P B2 S, Seilla G2AA — MR Uint 128 LMY A48 7B _balance ,
TETRE BRI IR N 0. _balance FBURF A LR ¥4 5, PA QA ik (1 ZIL = 1,000,000,000,000
QA). ZFEBOT LATESEEL Y H B, (HU RE I WA o 98 e e A B Atk - () send ) Bl g H21IL
REBAHER S (] accept ) REK-

TEff: T AR BN Al AR SRR AR -
o THE. FOARSR Unit KBUNAIAEGE. B AR IARAL (ANBERI A7) HORATAERRRY .
* BRECEARUR A
o W R RSB S BUAL B S R RN AT A7 o

o ARBRASA ADT B TERBUR I AEARRY, WIENTE AT . XTI, X RWRE SR A E 2R 2D
WM IAFAREY, XT ADT, SRR A 3 R RS RO 2E B A2 T A A

i

Zilliga P EH = AR A T IT—ZIL, LI (107-6 ZIL) 1 QA (107-12 ZIL),

Scilla FBE &2 F R A B2 QAL L, FEf e MAR R, EERFENHENREAEZ D10
FFEIAE QA Hr,

(* fee is 1 QA *)
let fee = Uintl28 1

(* fee is 1 LI *)
let fee = Uint128 1000000

(* fee is 1 ZIL *)
let fee = Uintl128 1000000000000

Transitions

transition &g LA LRSI AR 19720 A 2909 transition 2 T ALY A3, W] DAEL &
2SR H SRV A transition

transition ;2 i XY transition XY, JRIREMLBISH. & XA end KEFEIR.

transition foo (vname_1 : vtype_1, vname_2 : vtype_2, ...)

end
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H vname @ vtype $8EBNBSHIILHRMAER, SR, 73

Hfig: B TR SO RIS SN, #A tansition A LA RASHC:

e _amount : Uint128: KR KIRMMEASH, £ QAT (S LA KBAITS) . ZARFERM
R BN 2, transition W H] accept FRAMHIEEZ 4. Q1R transition AFT accept , N
RNex RAEE.

e _sender : ByStr20 with end: fii %k Ilt transition i Pl . A12R transition 2 & 2K A2
JH P PR A, ) _sender 2T I transition A& 20 Hiht . FEFER T B, R KR 24 0
transition [ B & 2 .

* _origin : ByStr20 with end: KiEY4HIA MMk bt (PTREREEX M) o X IRZ2H P
bk, BHR ALK TCE RS .
ByStr20 with end FYZERLZHINERAY . Mk AIYE sk TR R4 .

1Eff:  transition (1) SELL AU T T HIML I ZRAL :
o 4B FERETR unit AR ESIL.

o TR AL . Hulik LGN Bystr20 (U TSI . FrA AL SR (AN 74T
) ARSI

* PRECEAU RN AU P BIAE
o W RARIBI IS B R IR AL

QR ADT /) TERYRALZ W PR, W ADT @Al JF SR o X B A R34 6 R 40 S o) 2R AL
W] RS o

Procedures

procedure & 55— E LALPRSH L, EGANIRESTRES WA, {H5 transition 4, procedure A~ &
GO, I HAREIE T )& 2 &35 BV . 8 procedure [FE— 735 /& M transition B,
M B —> procedure E & .

procedure Jg Ji] X4 procedure &K, JEIREALBAISE. & LA end KRETEIR.

procedure foo (vname_1 : vtype_1, vname_2 : vtype_2, ...)

end

Hr vname : vtype SSERNSHINATRRER, ZASHCZEN , 706
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— H & LT procedure, it A] PAM A2 304234 1 transition 1 procedure Hlf B . (HERNGEMNGLAHZ
BIE X4 transition 5 procedure H1iE &, procedure L ANRERIHEH H & .

fii Jf] procedure 44 FR )5 #R procedure 4 5E 255K 18 ] procedure:

vl = ...,
V2 = ...;

foo vl v2;

I8 procedure I MR AL 251 . procedure A3 [0] 25 5 .

Hi: B3 transition Z24{ _sender . _origin Ml _amount R L %45 transition iF AYFTA procedure.
I, fEE X procedure I 538 E 2 7 W B 24

s procedure UK (jZ &) Wk, AnSR— procedure FFET ] — ML, s Ziiili% procedure
BV WHJ%EJ‘E FB, s R R BHE WL E AT BT

Rz

Fih AL FRATHRE . Scilla f05 AR 2R Fik

s let x = £ EFAPHE £ 40 xo x 3] £ WHERERN, HEMEIGALHR. IS ABE
XT~4ﬁ§ one , HAHTEBANGLHFALE Int32 MM 1,

let one = Int32 1

* let x = £ in expr: f £ FEHIFHAX expr FIILHK x o XEMIER expr HHIE local
o PAF/RBIR Int32 KA 1 MMESPER] one VASRF Int32 KUK 2 BIMEHSEER] two FHHEH NEK
K builtin add one two 15, %FAKF 1 5 2 M, HEHESSRK Int32 MK 3.

let sum =
let one = Int32 1 in
let two = Int32 2 in

builtin add one two

* { <entry>_1 ; <entry>_ 2 ... }: HEBFMHREX, HPBNFEHAEAUTEL: b
XH b 2 — MR, x 2R, ,ﬁ\ﬁ%ﬁ%@]?ﬁﬁqﬂﬂ‘]ﬁ%@o

e fun (x : T) => expr: — PR, BEZEAN T WA x HREFRERA expr KIELR.
x: KRR £ HTSE = .

s tfun 'T => expr: —/PNRARE, BF T EASECRIOFREIRIAN expr SRR . XKLLl %
TR A RRB, WS Ffst 5B
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Ba)

TEfR: YEIA RS . BN, tfun 'T => tfun 'T => expr K%ﬁﬂlﬂ’ﬁﬁéﬁjﬁo

@x T FFRARE < WHTRA T . W x (95— AR BSLHIE N T R L1 MR x »
BNy IR 38 A BIREYH E s B . A R B, S 1 fsr B AR Y

builtin f x: fFx FVHNEEE .

match Rk R AE g S VCE I HIMHZ T £ X . match FkXZPIF OCaml Hf
match Fika . BPLHABE T DURW A T . AR BHEEAT _ 1) ADT MR (IS HADTs ) .
AR SRR M B (8, W) ADT #4) 5 pR B08 X DT e 5 ) A ) #4135 R 5OM) 1 PR AL A8 S PEFCAT AT Y
7%, AR E B CAE % AR ER R VTR E . EEAFVCEAT M N ZS, (HEbE G2 2% 0E .

match x with

| pattern_1 =>
expression_1 ...

| pattern_2 =>
expression_2 ...

| _ => (*Wildcard*)
expression ...

end

Hfig: BLCLELAURER ), B x EEAGIE (J8U%4) [EARLATSBIERS. 1ehh, f X
FRALAVRATIRRY, RIXF A, oA — A Eik (RAUZ4r) 1Y = S %EIER, H AR E
Z AL T

Scilla FIEAZARNIZE, A ZAIRMEEAZH . Scilla 485 DA R4 :

x <— £ PRPELHFE £ E, HRFHAAER REAS E x
D < BEER AR GATE £ . x WTRER RV R, B AATFE.
x <- & BLOCKNUMBER : FREUXHAEIRZSAE B BLOCKNUMBER WM, IF¥HAFMEE] Rl & = .

x <= & c.f: R REUBHE c AR S 27 B £ IUME, IFRHAFEEIREAE R < P R, c
ARIL e (5 7 B £ AR, A SRR B, WS st J0

v = e: WHEKE e, HFRHEMRS RFLE v .

p x vy z: fHSHx. vz B procedure p. FEALIYSEEER LIS procedure R S HE A
XF I o

forall 1s p: NI 1s HRYEAICRIIN procedure p. p WIZHHE SO HEZ—NRAAETHIR
1s ﬁ?m%‘ﬁ(

Hh
Il
b
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 match @ IFAZONHBILAL :

match x with
| pattern_1 =>
statement_11;

statement_12;

| pattern_2 =>
statement_21;

statement_22;
| _ => (*wWildcard*)
statement_nl;

statement_n2;

end

e accept : BEZVH M transition [ E M QA ZEHES AGINE G40 _balance FEH . W S,
4 QA, {HiF Y transition NEZIX L, MPFHERELRAHBMALEE . NEZEASH (L EEE

W) AR
* send fll event: HIXHEREE. AXRIFHEL, HSAF—5.
o JEAIBUTHERE X Map REUW S LFEIERIE. A XRTRER., S Maps T4y
TR AL 535 53 -

transition T ()
statement_1;

statement_2;

statement_n

end

R, BGREBCE R ;. B T RiEa A2 &R e,

BiE

AT send 354 S LR PR P
e send msgs: Ki% msgs JHEIFE.

AR EBRE X T —4% msg, HPa&IU4A4%H _tag., _recipient., _amount fll param,

—contract contains the transition setHello*)

msg = { _tag : "setHello"; _recipient : contractAddress; _amount

(*Assume contractAddress 1s the address of the contract being called and the.

: Uintl128 0;.

Sparam : Uint32 U |;

(Rt
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(£ 50

l

B4 send P E LA G EFEE _tag, _recipient Ml _amount,

_recipient FE (ByStr20 288) B EE A XRH KX HusEIE, _amount FE (Uint128 KA) R
FERSEIZIK ) QA B,

_tag T (String KA) UfE _recipient PRI NG LAHAERET . FEXFELT, _tag FBHW
{ER BAEHOT &2 BRI transition AR, AR AR Pk, W20 _tag T2

TR 4T RERERF 9T M A LV B 2RI PR, 36 ZRC-5 FP R FRHE transition 44 7%, Bl AddFunds.
5 A EHT R AR W SR G AR BT ZRC-S A2,

B TR B2 A, R AT DAL A B (AL, BN BT param. ()2, ARV EEICH 2
B2y, W7 Bt £ AR AR B S A2 LR transition 2801 .

XA RIE L A ERR B

msgl = { _tag : "setFoo"; _recipient : contractAddressl; _amount : Uintl28 0;
— foo : Uint32 101 };
msg2 = { _tag : "setBar"; _recipient : contractAddress2; _amount : Uintl128 O;
— bar : Uint32 100 };
msgs =

let nil = Nil {Message} in

let ml = Cons {Message} msgl nil in

Cons msg2 ml

send msgs

s transition W DAYE AT T[] (R AT A0 B B R A 7 “send” (BLFEFE & W 1) procedure 3R TIAM]) , {2 EL 5|
transition 5¢ i 5 A4 RS A IRTHE . B2 AT W] ATESAE 2GR A 4R E

B LA S S AN A TS . SR E K IEE E T A ERNE S RN
i IR 5 2 R transition,  WZE P I AR AT AT G 29 T BE A 0, R4 P

« event e FHIEE e fFENFLL . AU K —D40 e_name B,

e = { _eventname : "e_name"; <entry> 2 ; <entry>_ 3 };

event e

KR E R 7Bt _eventname (String ), I HAW A& HMAH . _eventname &
H I AU FATH 30T . IR KA AR 44 PR SR R A AR 4% H 44 FRm ez
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WA 5 AGREE—HE, transition W DAYESATIH R BOAE TIN5 (CL7E e 8 R AR B AT IIR] ) et gk
{HAE transition 5E 2 |, ZFHAEXREE FIE A0 WL . SEZ AN ] ATESE 208 A 4. .

ETH R
transition 7EJ 7R A LI BEFFITHEBE, FIAN out-of-gas BB, WMt SCHOREHLIL HOSFE . BT
Bex S vansition JEARLIE, I LRI . (UL gas BROIIALHEANR, EEIH BB I

itk AR T LR R

e = { _exception : "InvalidInput"; <entry>_2; <entry>_3 };

throw e

5 event 5 send N[, throw MSEUEAHER, FPAEME . ANHFSEOME S8R SEEHR, &R A
SR EA throw N ETRA ELER.

A ASRAEATT ransiion MU EEATIMBE S, WSS S IL, 3 LT A £0RUILAL 20 A

ARSI . (A Er£mpARAS T REPHBE A T 5224

HER:
© EMEAERR A2 HIIGT T accept, FPASERSIIVE R AIBIL & F 1K1k %

© BB, UMY T T send, R £ FAR A MR ATER L.

© ISR, BN R HIT T event, RS BIAEITHEE,

TER BT R, 52 A Zp O Gas 71 -

MR Scilla JA S AL BIRRY o it i SR &b IS

Scilla i) Gas EEE

HRE G I AE AT transition 234 FE gas. X HL MRE T IEAN A AP o
Nucleus 441 01T 0] AL E S L6225 1) gas BUAS .
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3.4.2 RigREEBFIRIE
BHAR

Scilla 7 LT 32, 64, 128 1 256 (A FF 5 FUCAT 53R, X BB HCRAI AT A SE48 S IntX Fll UintX
TeaE, Hob x aIPAR 32, 64, 128 5§ 256, BN, 32 (i AT 585K A2 uint 32,

PATT B A BRI 74> uint 32 KRR A R

let x = Uint32 43

Scilla SZFF AN WE R BEEGEHE . BAMRVERSCR AP AN Intx / Uintx  (FH[AZRE) 1E RS AW
A, B pow HIEE “ASEUAA R Uint32 UK isqrt #2284 uintX 5.

e builtin eq il i2 : ¥ i1 BESET 12, K[ Bool.,

e builtin add i1 12: BE¥(E 11 12 AHAN. 3% [EIAH A 288000 B 50

e builtin sub i1 i2: M i1 HiZ 12, IR MM R A Re%L

* builtin mul 11 i2: 11 Ml i2 FPREBORM. IR IaIHH R 2 2L ) R4

e builtin div i1 i2: i1 [RPA 12 B9%Ek. IR BIAH R 2R iy Rk

* builtin rem i1 12: 11 BRDA 12 RPREECRE. IR IAH RIS AU RERL

e builtin 1t i1 i2: i1 BF/MNFi2, iBH Bool.

* builtin pow i1 12: i1 $&JHF| i2 WELEHE. RIS 11 KA F L.

* builtin isqgrt i: IH 1 WEECFIR, BIEREE S 155 » 5 <= 1. R&ES 1 JUMERY

e builtin to_nat i1: ¥ Uint32 BRIFMEREH N Nat BB EERUE.

e builtin to_(u)int32/64/128/256: ¥ UintX/ IntX B String (FmntEHI%R) (BN
Option UintX 8f Option IntX FEHEIPYLER, AR KT, WIRE] Some res, FHMIR[E None,
AT BETE N X L F O R K

- A BB IR R
- R TUREL (SRR OB AR ) R TOAF S R B (A I 5
- HIATFAF RN REARAT AL
PAF REMAER N B REY)FE: to_int32, to_int64., to_int128, to_int256, to_uint32,
to_uint64, to_uintl1l28, to_uint256,
k. k. e, WL REMREUEA T RES T B EE . T E AR R A R X 2P ik 241 transition [
PATH LRI 4 1 P A RS T
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R 5B AR &, B ER _amount ZAHEGZM _balance B, JET Uint128 &
A,

FirER

Scilla H14 St ring PG SRR FAFFIIER . ATPAB I KT string fRER A H .
PATTACES )T BB 17— string A AR :

let x = "Hello"

Scilla SCHFPAR R AT HR Y P B AR A -
e builtin eq sl s2: sl BHZET s2. 1k Bool., si Fl s2 WIRENEFAFEIEHL,
e builtin concat sl s2: JBFF/5E s1 5FFEF s2 #EER¥K., BRFE—4 String,

e builtin substr s idx len : M/ idx FIEIRIK)E N len B s TH ., idx F1 len M0 2
Uint32 KA, FRRPHFEFRETIMN 0 TG, WREASBA G FEICIN 455, Wk b
String SR MO B RIBI TR AR

e builtin to_string x: ¥ x F NFRE T x AR AIR IntX,. UintX,ByStrX fll ByStr,
R[> String. FATFEAFEREAR R SRS OR

e builtin strlen s: 3% s (String 28#) WK, RE—4 Uint32,
e builtin strrev s : RFEIFEFKFE s WG,

* builtin to_ascii h: JFFFMFE (Bystr o Bystrx) HHMREAFIITEIN ASCH F4F I
RS0 string {f. WERFH PR OEEMARTIT IR ZRE, WaT| LB frithe.

FNFFEH

Scilla HAFTTFAF R Bystr fil ByStrx RRER/R, Hp x 2 — M. Bystr 2R KENFT
i, MMXT Y. FALRE X, ByStrX @iEEaEKE X BT, Flin, ByStr20 @K AN 20 iy,
ByStr32 @K &N 32 R RA, 4%,

Scilla H T FAFEE SCF MDA 0x HHTZR I+ /ST A M E I . R, $5E | MFWFEE 2 NN
PG, L Bystrx CFEFRE 2 * X MR 747 . LA A BGE T4 Bystr32 B pYAF & :

let x = 0x123456789012345678901234567890123456789012345678901234567890abff

Scilla SZRFLAT T SRR 1Y P A A 22U i P9 B A -

e builtin to_bystr h: ¥ ByStrx RKHHMAE n (FFHLEDHM X) #ih Bystr BRIFEEK
Bz
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* builtin to_bystrX h: (IR, XHMK X BT SH MARNEAFRE—RT, 550U FHEr
i)

- WERSE h AN Bystr: FHERA/MYTFIFAFRME h (FEH Bystr) Sy [E E K/
) Bystrx KRR F A, KER X FEXFIGILT, 4580 option Bystrx KA fIf
SRR ESET X, NWEREORE Some res , HMH None . FlU1, 415 bs BN 42, W
builtin to_bystr42 bs i&[H] Some bs'.,

- WRSH h 2 Uint (32/64/128/256) KA A SHEEELL A ENN KR TFITER, &
|4~ ByStr(4/8/16/32) f (HEEXMERTEAN R —AIEEEAE) . Fl40, builtin
to_bystrd x (fUFE x PYZRAN Uint 32 BT A8 A ) Bl builtin to_bystrl6é x (¥
1 x [Y2AR Uint 128 BEFREGE ),

e builtin to_uint (32/64/128/256) h : YT R/MAFEFAFEEE h ¥k Uint (32/64/
128/256) KHWEHE . X T—2/NFEAET (4/8/16/32) LA X, h WhJilg Bystrx KA, iR
R IR o

e builtin concat hil h2: HEEFIFLE hl fl h2,
- R h1 (YRR Bystrx i h2 RACN Bystry, WEHRAYEAN ByStr (X+Y) .
- WRSHZ Bystr KA, WEHIREZ ByStr AL,

e builtin strlen h: FI7H (ByStr)h IKJE. k[ Uint32,

e eq al a2:al B&HEZ%T a2, RW—4 Bool,

Hutik

Zilliqa (25 LRt 20 FAY AR, B sth ik By str20 ERK{EFOR.

AN, Scilla SCHELEF AL HBIEZE AL, RIS T By St r20 BYZEEL, (H 4P ARRE A M 45 A HhE B, PR A % 1D
HEPRAERIB I E S . bk 2Rl FIER N ByStr20 with <address contents> end, Ht <address
contents> FEHbHIL BT NE .

HBHER A 2RSSR -

* ByStr20: KN 20 W IE MG FATER R BURRATA DT MLk AL i (N2 IR ARAIE . (GBS, ByStr20
AP R HIEZEAY B e w] PAS | AR M EE R 20 75 e, TRIR e @i 3n bl . )
e ByStr20 with end: —4>ByStr20, MR N M ZEHNERY, F8H2— N IEXE Hrg bl . a0 sk

Gy, SR RBEFENIECR T 0, MAZHEIEEM A . (HuhbAREU2 ik 51 Qa $t
o HhERBEPLECR MZHIE KB Y 52 R ) -

e ByStr20 with contract end: —/4~ByStr20, 4R NMesHbEE, F8HE2& a0k,

e ByStr20 with contract field f1 : tl, field f2 : t2, ... end: —{ ByStr20, 24
ERER 2 HDIE I, RIS RE N 1 PR EFE £1 . RACK 2 ByRARF B £2 A2ttt &
& B MAEE a2 PUE SRR E T 2 7B, (HRAUP 88 i) F Bl e & 20 e L.
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i AR Rl DA BE Y R IrE G Ak, #RRE LT A AR E B _balance
Uint128. XFF AT, _balance FEZIGIK AR,

T A ZFEHEEA S G A Y transition [FHHEIAL,

HohkF A EY

HOHER A IR G5 E LT — TR AR

o ] ByStr20 with ... end [HLhEZEBIHE Bystr20 W28, X EWRE W] DA AT Atk 2
BRFF Bystr20, BN, HH builtin eq MM, SMERNEEN _recipient {H.

o [Bfif ByStr20 with contract ... end &AM EAIER ByStr20 with end (12K HL,
o [FMIEERENXFE ByStr20 with contract field f1: tl11, field f2: t12, ... end

)& 2o HE R TR 5 E X S B T4 ByStr20 with contract field f1: t21, field
£2: t22 , ... end WELAMNERAGFRA, Fiide t11 & t21 W28, t12 2 t22 1
KA, FFR A R B g e iR BB AR et

* XTI List W Option FRMBHH ADT, QIR T 5 s M, FFH 1) s1 i TRA, t2 2 s2
7R, IBAT t1 t2 ... 2S sl s2 ... TR, DU,

s MR kt1 @ kt2 R H vel 2 ve2 iR, MAGHEARA kel FIMERE ve 1 pImdfhe AA
KA k2 FAMEIRA ve2 15— WU 7268,

whit AN RBIEE

W, Scilla #A#8 A GBS A S HOM MR R RS 2R ARG A . BAn PSSt T e K4, T4
2 —A> transition 244, IR BEEASHIARE ERE, B0 FEVFE FAF R IR 2 4RI A 6 & A 4B ]
RE & A AL

HTXAERE, HAYLGEFIFAFR AN, A ZES5 (AE S AN AELASE) Fiihl A
transition ZH A W] DA T SRR A

B, GARESFEE — M T II/RBA A FEE init_owner :

contract MyContract (init_owner : ByStr20 with end)

U ELARENT, 1 init_owner JEMHT T REEE SR BCHRBE L OMAL, MM P
hERAPUR (FEsbhb g P el &G AIE T ), IBadei3E, I H init_owner W RAYEEEAN G L1
MHAN—~ ByStr20 with end.

Z(MHh, transition AT EFREUT N AYZEL token_contract:
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transition Transfer (
token_contract : ByStr20 with contract
field balances : Map ByStr20 Uint128
end
)

24 transition B FHES, {EA token_contract SEHRAL AT FEAF ARG HON X HuiE E i, sz
BRSSPI (FE L& — A Map Bystr20 Uint128 KAFE balances AL
TR ), IB4 transition ZEURIIWIEAIL, HH token_contract Al ATEREANFES IR Wil Ay Bystr20
with contract field balances : Map ByStr20 Uintl128 end,

TEAEAT—FPIEIL T, AR WA S 1R E ZRBURITRS, WSS RBGAR R, RN SERE (T

RIMBYATTIAEZH) B transition P& (XFF transition %) KM . RIS ST AN Rz T4 R,
2 SHECYHIFES IR, (B TFXATAAFEM SRR ENHE, GANHERN LS ).

1M JCIATEE Bystr20 SCFIRIFHARRE I . A e, AR AU Bef S S SR B A o

let x : ByStr20 with end = 0x1234567890123456789012345678901234567890

BN HLIE ST IR 55 T AF R B ME—T7 VR A R AT AR P B B A 36 24 2R Y transition Z4&

LIEIREN

BPATIRREIRI ¢ <- & c.f,c PRAUMUEFF B £ i 2884 flan, W2k c i92RA400 By st r20
with contract field paused : Bool end, WH[PAMHHIER] x <- & c.paused FKEFEHNE ¢ 4b
paused FEIAE, 1 TCIEIREL ¢ RS F B (B, admin), RIEHLHE o ()& 2960 5040 &5 B admin,
HT B IREL admin FERWIME, c X W UM admin B, 40, ByStr20 with contract
field paused : Bool, field admin : ByStr20 end

AT DA F 5 74 1 7 B 1 e B ) 1) X P e B A E DA TS B i AR, B x <— & cmlkey],
x <- & cm[keyl] [key2], x <- & exists mlkey] %, SuuRERIMEIFZE—#E, DoREMLETZ B
MDA c ZEBUFSEA, 540, ByStr20 with contract field m : Map Uint128 (Map Uint32 Bool)

end,

A AHFE AR 7B
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nE R EiEfF

Scilla H I ECH 2 B2 By str32 A, —> Bystr32 fRFE— 32 FH7 (64 /S BERIFEAF) 1
T oSBEHFATE . Bystr32 SCFEPA 0x HHTE .

Scilla SZHREPA T X WA LA % 508 (RFETI)F5)) MR ERE. £ IR Y, Any fRUE IntX,
UintX, String. ByStr20 B ByStr32 2%,

* builtin eq hl h2: h1 @HET h2? HMHARSH R Bystrx (8E#E Bystr J4).,
IR ] — AN IR

e builtin sha256hash x: ¥ Any KA x 7 HH SHA256 154 . k[F—4 ByStr32,

e builtin keccak256hash x: ¥f Any KA x i Keccak256 B4y, & [El—4> ByStr32,

e builtin ripemdl160hash x: ¥ Any RHf x #i I RIPEMD-160 M54y . iR [B]—> ByStr20,

e builtin substr h idx len: MAVE idx FFIEIEEK)E N len i h B TF35H . idx fil len &b
g Uint32 KA, FATFRFR P FERFRGIN 0 PR, 1&El Bystr 8URIK (SEGEITHIATIR) .

* builtin strrev h: REFHFENFH (ByStr 5 BystrX). iRE5SEEAMFEME.

e builtin schnorr_verify pubk data sig: ffifJ25%% ByStr33 ¥ Schnorr A4 pubk %if2&
B Bystr BT F4FH data IRiERAUH ByStred %4 sig.

* builtin schnorr_get_address pubk: §E— ByStr33 REKANLH, &EISZAFNTNH
ByStr20 Zilliqa Hilik.

e builtin ecdsa_verify pubk data sig: ffifI2EFN ByStr33 (1 ECDSA AM4H pubk KiF2s
Bh ByStre4 %4 sig HRAN Bystr MF I FAFH data.

e builtin ecdsa_recover_pk data sig recid: kX data (ByStr 2KH), RINEGES sig
(Bystred ZKA1) I Uint32 KA AL recid, HMEMREIH 0. 1. 2803, REHWAL, &Ml
—A~ByStr65 M{H.

e builtin bech32_to_bystr20 prefix addr. WERKE R string R K MW 254 E w54
("zil"/"tzil") FlIA bech32 FAFH (String M), WM AGRL, WERFHFE R 5 IRy
Hihk (ByStr20), & [F[ZEAE Option ByStr20, IR}, 1k[F] Some addr , #jAJLRLH R[] None.,

e builtin bystr20_to_bech32 prefix addr. WE KR string ZEHH MW 254 E 1 I %
("zil™/ "tzil"™ ) FlA Bystr20 Hidik, WA AAGRL, WRRFHARR N bech32 Mitk. R&HIE
A option String. IENET, IR[W] Some addr , FoRHi AR [H“None’,

* builtin alt_bn128_G1_add pl p2. WERETE alt_bn128 MiZk FEMHA S pl. p2, Hak[bH
fifiZh G1 i s B A A SRS R 2 — 1 Pair {Bystr32 Bystr32}. — A MR
B ByStr32 #iE— M RIRgmLAIELT . 5 W hitps:/github.com/ethereum/EIPs/blob/master/EIPS/eip-196.
md

e builtin alt_bn128_Gl_mul p s. NERHEI alt_bni28 Mk F— b e (WETEHAR) Fi—
AMbr Bystr32 fE s RS p B s WRIKEAL. g55 24 Bi—A k.
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e builtin alt_bnl28_pairing product pairs. XN EREEIESZ—XEM pairs A FHE.
Xt G A —ud (Pair {Bystr32 ByStr32}) fERH &M G2 A —1xl (Pair
{Bystr64 ByStr64}) fENFE I8, FIt, SN EAK List { (Pair (Pair ByStr32
ByStr32) (Pair ByStr64 ByStr64)) }. i%xPREFEREAS S LM —ANECN BB A& A AE
HARIBBCAGEE 2 i 2 K MR B] True BY False., 5 Il hitps:/github.com/ethereum/EIPs/blob/master/
EIPS/eip-197.md

AR5

Map kt vt REIEIRAL T DREAAE, Kb ke REAOEA, ve 2EMPER (FEHAL - LERBET T,
14 Scilla 1) Map X FEREE R BARA KIREAL . A7 5 REFI) o WUphE ke RALAT AR AT A LRz
HHEE—fp: String. IntX. UintX, ByStrX. ByStr B BNum. {H vt BT R[PSS R s E AL 2 41
PAEATEAY, X EFE YA e SR AR 2R 1.

W T SR A R B E W B 2R 2 DR AR 1Yy 5 e e (0 3 G — X (B 55— M IR ik Bk
BISEE . BN, WR—AR RS —ARRER G R A RER, R v 2 EAE N AR A g —
SE TR, T AR DA iR i -

field operators: Map ByStr20 (Map ByStr20 Uint128)
= Emp ByStr20 (Map ByStr20 Unit)

A AV Bystr20 RAURY, 2RIk P AIRIE M . FATHN Uint 128 RRITRE G IRH
Scilla 3752 PSR, ATRAJAZN R

o SREIRIEE U BRGNS AL AT EI A, HICENTET Scilla 6y Bre X SR IER AR
Y, HUAEFTA T OL NI ;

o FEWURERTE M TARE, B, eI Scilla FERT, M ENTAAB SO BN R RS . X
SRR BB SECE HE PERETTRY, BN H S E S A ARSI (Bik) B4, fEiBE L,
SZHIERVERTLA builtin ST RETEE (T30 . HHRE, BB A R BN B R s, HokE
B AT A 252 Tl 7Bt : map_copy <- field_map, iX£x'3:3( gas JH#E field_map K/
WIEH .

A BRGHRIE

e m[k] := v:stAHA. BFIEIE v 0 K BAFIWS oob. WUR m B Sk, WEER k1
IFER B i B R Y v e . m D205 |4 S AR AR 7B, B mk1]) (k2] [...] = v ¢
FRl A BB . WA EW R TEAE T IR B, DU AT 02 ] 45 H S BB i Al e (i — s B

* x <- m[k]: AR KECGWUF m PRy k CERAE . o 2005 | Y BT 2 AT A2 5 B
WAk AE o PR RIE v, WEREUAZR A some v (TS H NI Option 2RAY) . NG K
None. TEIRHUZ )5, SRS E SR <o MG x < m(k1] (k2] [...] XREAREBLYSS
HORER . QNS B AL RN — D A a) B, EREUA S5 2R R None.
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https://github.com/ethereum/EIPs/blob/master/EIPS/eip-197.md
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e x <— & c.ml[k]: sIEAERIL. BT m WG| FHHhE ¢ AbA AR By, Hofth DA AR Hb 2R B 48
YEFATEI 7 3 A

e x <- exists m[k]: FHIAHBHAGFIERE . 0 LG YBEA PR TAETE. Q15 k ZEBLS n
R R, WA RIZER (Bool 2KA) Sk True, HMLHR K False, Kufr)g, Z5HR90@ 2R
AHE xo W x <— exists m[k1] (k2] [...] ZFEETIREMG I TELERGTT . Q0SFXT R LG H
AFAE—AEEZ A, WgER N False,

e b <- & exists c.m[k]: #HIEEFHFLKRE . BT m 5] AL c b E&A PR ZF B, H
A5 A A A AR A AR ] A 0 3 A

s delete m([k]: stabfflif. MBLRFm e k S HORHRE . ARIRAT m A62005 | 4 B & 20 gl 22 7

Br. fiHEY: delete m[k1] [k2] [...] R EREWLF P AHER . QR xd 57 i B i R AR AE— B
LA, WHZEAE TR . EHERE, EEMER delete m[k1][...] [kn-1] [kn] FHHRT, X

TR kn BOB(E 6. k1 3] kn—1 AOBRESDE AR B AE LS

BB BRGHRE

* builtin put m k v: FFEERIH v AH k AW m b R IE—ASEMLY, B m BRI, (3
k5 v B, R0 DAk, WHER k BIRELESS RS Pl v B, m AEAAE. put Kk
SEH T FERECT . R, put FEMARER Z BT HIE T m R4

e builtin get m k: FREUMG m PEHE k KB, RE—0[E(E (200 FHR option %)
R k TE m A RERE v, IPALERE some v, BIGEHE None, get BEGEK H T /H K
ot

e builtin contains m k: ## k 27 50 m P {EAE X EE? IR [F]—4> Bool . contains FREL
HE T EREC.

e builtin remove m k: MBRESFF m FffEREE k RHCHPIE. R E—DHBYS, B2 mWEAE, Hk
HETLK. m WEAZE. %8 o A EE k, W remove BEIGR ] m FEIAS, AT RED k.
remove PRECHET H TR . WHEE, EMBREEXTZH, remove & | m.

e builtin to_list m: JFMLS m #4h List (Pair kt vt), Hrp kt fl vt 224 ERF
(ST HER List 253),

e builtin size m: R[FBLEf m FHIGEELR. Z5RIEAH Uint 32, PHXA N E RIS D&
FEN gas P . (H@ASCRFHEAE FRWUT AT, XS TR0 5 5 52 i i [7] B R - B ke
SHIONFEE Z T2, RATDAE 5 Bk 1 0 IR B RAE

M WERE put Ml remove IR Bl —ANEIBRES, BRI REREUIAMATA B R4S . X T hE 2 fna ik RE!

p=

A ATLAGE Bmp SCSEFA G SR, 58 AVEZRAUE N HSEL. X2 Map FERUIG NI T
B4 field foomap : Map Uint128 String = Emp Uint128 String mEHE—4> Map FE, HiERE
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Uint128 KA, (& String B, BEHHIIHIL AW .

XREE
PP BELE Scilla A7 —N% IR AL BNum, X FPSEAYAY 7 & OGS BNum $i878 , S BR— VB4 (190 4n
BNum 101),
Scilla 3z F¢ DA S DX H g A4 P EL AR AT
e eq bl b2:bl EHEET b2? R[E—4 Bool {H.
e blt bl b2: bl B&K/NT b2? &E—4 Bool {H.
e badd bl i1l: ¥ UintX KR i1 HiNE] BNum K8 bl, R [H—4> BNum,

e bsub bl b2: bl % b2, ¥k BNum KH, RFE—> Int256,

3.4.3 KEFEARD

RAKIE KT (ADT) 2 s B A i I AR, 4 ADT e SOy —4H Mt ekl B4 i ol 4R
Tz R E RS

Scilla fit% T2 W E ADT, 41 FFrik. tb4h, Scilla fuif M e BT H g ADT.
HRE

T /RMEME ] Bool ZiAU4E5E . Bool ADT A/ MAERREL True Al False, EATERAWATLMSE. HIL, PA
UK B A RS BR BT True TS T —A4> Bool FETUA(H :

x = True

oJiE{E

I E M 2% option t 5, HH t @HFEAL, option ADT WM R 4L
* some fUF—AMEMFEAE. Some MR EIEZ NS (¢ RAMME).
* None F/RKAH. None H1E pREALZATMSEL

PATRACRS Jg Bt 7S T BB —MEDR AR FATH EAN(E, i None MxE. EETAMER
Int32 JEMMME 10, PFOAZEAAE, FrPAM some i :

let none_value = None {String}

let some_value =

(F ks
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(£ 50

let ten = Int32 10 in
Some {Int32} ten

AR T IR A E AR R 7 BEARE A

field empty_bool : Option Bool = None {Bool}

A PEEX T AT REBCA SR A s B AR, BIANRGTY get BREC

getValue = builtin get m _sender;
match getValue with
| Some v =>
(* _sender was associated with v in m *)

v =V + Vv;

| None =>

(* _sender was not associated with a value in m *)

end

L1ES

i List t RAUFEEME)E, Hi o BEMER, List ADT G REREC:
o Nil FER—ANZH|FE, Nil s BN ZAT M S5,
» Cons RFE—NIEZFNE. Cons MR EEEZHNSE: FIEME —AI0E (¢ K8), ARG —1F
IR FRHATRRSFE (List t 2B,
YRR TCERERL TR T A28 €. Bea)iED, ARERFASA RSB EAS IS 5] — A b
PAR /R s Wl A4 78 Int 32 HA) . Boe, AT N11 MR A0 dE A~ RIGTRAIEH Ccons
FA 15 SRR —— A YA . RS IR B RN G — e R, RIS EEEE AN E, Kbk
GRS, ERATFRE (11; 10; 2; 1]1:

let one = Int32 1 in

let two = Int32 2 in

let ten = Int32 10 in
let eleven = Int32 11 in

let nil = Nil {Int32} in

let 11 = Cons {Int32} one nil in

let 12 = Cons {Int32} two 11 in

let 13 = Cons {Int32} ten 12 in
Cons {Int32} eleven 13
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Scilla S H) FHRAL T = FhehF T JF 5, v Tl TS5 £ T o &

e list_foldl: ('B -> 'A -> 'B) -> 'B -> (List 'A) -> 'B: MBIFSiBIALTES)F
e E, FRREE e (WTRAANE—P8IT). 1ist_foldl 82 =24, ENEMKI T A2k
BUASE "AF ' B:

- WFTCERIEE. X EREAEPANSE. BN SEREmAS (1B 2RA) MMEIE. FoABSH
REAH T MR ITLE (REN < AY). ZERBMEERZE MBS T—AME ("B RA),
- ZEingRrpiiaE (1B 2RH).
- FAHERYCESE (BH (List 'A) ).
W 1ist_foldl M5 EITAYIFEITEMBEEE s (18 2R8) KfE.

e list_foldr: ('A -> 'B -> 'B) -> 'B -> (List 'A) -> 'B:5list_foldlZf, B
HIFRITTE MG BN . iR, ABEREAS 1ist_foldl HrpiifyAH B iy B #o0
E Iy IE

e list_foldk: ('B -> 'A -> ('B -> 'B) -> 'B) -> 'B -> (List 'A) -> 'B: {Ri{E I
B FBESITATRPFK R ICE, [FIREL: Ee R, list_foldk BAEAITESNEEARA, HEHE—
T, XA EA T DGR TR L. 1ist_foldk #Z =20, BT TN RBAR & 1A Al
IB:

- RS LR RE . X REEEZ A BB EE RN (1B R WR4EIE. £
MNSPCR B T — AR ITTE (BBl 'a) . FEASEIORERMIBHMA (K8 ' —>
'B). ZREILE R R BINE N —AME ('B 2RA), WIRIFRE ANV R HTE A, WA
Lk, XA list_foldk MIZEfidr@ 2 P FEEX A, ZLhPrETosc Mk B A PR E AT 4
NS 2

- Zn#% z BPIA(E (B 2RH).

- TRBRTERIR (KA List 'A),

W 4 ADT 22880280 (Flin List 'A), FFHBERE R (Flin 1ist_foldl Hy2RAY) Hif,
DA 3556 ADT e B R0 4l () . B4 ADT 1% —~ ADT fyME—Z 5 Bt 2 ank. #ian,
AR Int 32 PARIER 2 FIERT, DA FHIEYE Nil { (Option Int32) ) ESLBIMEAIZEITH,

R T Ui Scilla 1A List KB, RAVBAR T MEH list_foldl RITEIFRPITTEEE /NI
T X list_foldk Wafl, &S Flist find.

let list_length : forall 'A. List 'A -> Uint32 =
tfun 'A =>
fun (1 : List 'A) =>
let foldl = @list_foldl 'A Uint32 in
let init = Uint32 0 in
let one = Uint32 1 in

(Qi¥iE3)
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let iter =
fun (z : Uint32) =>
fun (h : 'A) =>
builtin add one z
in

foldl iter init 1

list_length & X T — %L, BE2—MEHSE A M List 'ARBWIHE (H) S5,
'A N RBIAR R, MIHATEM 1ist_length PASSEEItL . SEBIARBAES 2 fH 8 E

TESS 447, BATEPBIME List_foldl WAL, T IRATEAERHRAY A BIEFIR, AT AR
—ANRBSH LS 1ist_foldl, HHMTRAEAETEIRKE (—PHEGEED) , FATH Uint32
(SEIIE =il

TEH SATHp, JATE LT R MARIRIAGE . t TS50 LB RN 0, PR A iRl aa{E N 0 (8N Uint 32,
INUYGE YilIE s SItY

TESS 6-10 7, FATHEE TARBLR AL iter, EHAZMAIRMEHE 2z FRYATSIZICR he XML, A3
PRSI FRICER, R 1. AP PRI A CREPAE B , R ndere 55 £ iR —H#
ZHIUEL, LR s AR T IR K E

TESS 1247, FATREE 41780 List_foldl RZEBUSCBIMRA NN T A BEeR &L, Whs R {Es 2

YEA Scilla FRifE FE4y B FH)—4), ListUtils FEHRHRLT List B8 (U35 1ist_length) A% SR
¥

Pair

{H Pairs i fi2kM Pair t1 t2 45, Hrpt1l flt2 22KA, pair ADT F— M K5
* Pair fRR—XMH. Pair MiEREEEZPI NS4, B pair (FAME, 2502 t1 flt2 84,

MR Pair BHERMMAFK, WRIZIAME RPN L IR ADT FIH IS pR&H0E 5 (M R 02 ADT (1)
ME— 3 PR AR A S E AT T 24 P

Pair fHATREMEAFRAAYE. AT, t1 A c2 AT MR ZRAL.,

R AT, FAIEH T4 Pair String Uint32 BT E: p, HFHATE LA
string R Uint 32 RHOMEAURI pair KRR LE

field pp: Pair String Uint32 =
let s1 = "Hello" in
let num = Uint32 2 in
Pair {String Uint32} sl num
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TR BRSO Pair A B DARANTRAER AL A48 bR B (H2E 288 Pair { A
B' } A

FATEIAE BB AT (AR DL A Pair RIS — Ao . R BRI R fst @7 Scilla F7iEFE )
PairUtils FErE LK.

let fst =
tfun 'A =>
tfun 'B =>
fun (p : Pair ('A) ('B)) =>
match p with
| Pair a b => a

end

TN £st, MUABTE eSO R "A R "B, HARERIEATT:

P <- pPp;
fst_specialised = (fst String Uint32;
p_fst = fst_specialised p

SHRRE p_£st SR TAER "Rello.

WA EEAENE Pair. MR, FHREENZE DL T TR E HH1 b i J5 45 2 26 8L pair 1) ADT.
B R N A x User-defined ADTs FFR53

Nat

Peano ¥ 7 Jf] Nat 28HIFEE. Nat ADT A W41 R %L
o Zero RFEHTF 0. zero WERBAEZTMBEL.

* Succ HET— Peano U1 J54k# . Succ W REHEZ PS5 (Nat B8, EFRRLSHTEHVN 1
1 Peano % .

NS R T AR AL B TR 3 1Y Peano %4

let three =

let zero = Zero in

let one = Succ zero in
let two = Succ one in
Succ two

Scilla y Peano Z{F AL T P FP&E A6 ) )50, Al Tl i 45 € Nat 3| Zero JFF Peano %4 :

e nat_fold: ('A -> Nat —-> 'A) —-> 'A —> Nat -> 'A: BT FEM Nat B zero ECFTES,
[FIRTERER R AN#R . nat_fold #:2 =S4k, Hphpi e TR0 & A
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- WFERCFRI R A, XA EREE NS, B SHRE RN (AR FMEIE. B A
BN EAL PR Peano B (RAUK Nat). WfEE—T, F—SABRAET 2 Y mi i EAEALH
AR S . RSS2 BINEs R —AME ('a 2R,

- BmgseiaE (1A ).

— FRLBR)EE— Peano £ (Nat 2%,

I nat_fold (ZEREEmas ("A KAL) WfE, MFTH Peano HUERWIALFEE] zero I,

e nat_foldk: ('A -> Nat -> ('A ->'A) ->'A) —->'A -> Nat ->'A: IE I & HFaBIHL
P Peano $(#|%5, [FIERES R /0. nat_foldk @AWMEMEEMBA, ARFRITZIL. BEFRE=A
SR WA BT RAVER A,

- AT R LR EE ENEEEZ A B SR RS (AR BMEIE. B
NSHUR IEAEAL BER) Peano ¥ RIS (Nat KR, H=ASHEREREIFRA (EE A —>
"A). ZBRBINSE R BIMAN T —AME ("A A WUERIFAE AR AR A,
Ll LAPBOHALTRIAHZFE, i nat_foldk FEiX 71 v BEA Fr Al .

- B z fPalE (ra28H).
— BILLPHIY Peano 3 (Nat 2574).

BT I HPR# nat_foldk, FKAMERE T nat_eq W T/EFEH ., nat_eq K~ Peano U IS . NIl
AT SRR B AR T

let nat_eqg : Nat -> Nat -> Bool =
fun (n : Nat) => fun (m : Nat) =>
let foldk = @nat_foldk Nat in
let iter =
fun (n : Nat) => fun (ignore : Nat) => fun (recurse : Nat -> Nat) =>
match n with
| Succ n_pred => recurse n_pred
| Zero => m (* m is not zero in this context *)
end in
let remaining = foldk iter n m in
match remaining with
| Zero => True
| _ => False

end

2 AR E FATR P Peano £ m Ml no 25 3 F75LHIML T nat_foldk HYRM, PEAFATKFZE 4 Nat
{EIEAITER NG, ProARII4AE Nat.

5 4 B 8ATHRE T & fiid, X nat_foldk MHRMMEE —NSH, KAl 'A —> Nat —> ('A —>
'A) —> A, HIRAHEXFEL FEE T AR Nat, FRATAEECR A ZgE n 7 H ignore : Nat ZIE
FEAL BRI RO RT S, FERXARAARTE DL R BRATA R E

AE, AN n THRRBURALHGFRZIEN m ik (B0 1047), R MEBALER (5 4-917) #n
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Ame m AR, BOX 2 nat_foldk fERe/a LAER . AT MEEAILE (586, 717) B
MR no S T HRSEEEIE m A n, FRATEESE 7176 recurse. WRPIANAZUTHSE, FATHRLHS
ST 0 REMAS (n). FATES 10 7N R MNERH remaining RIRPURZAE. &5, FATFFRERNIL
BB IAN zero, AFIWH AR F 2B W ENg, TEs/aIUT, SIrE4i8h zero BR[|
True, HNRH] False,

TERMES n BFNE (55 8 47) T m VIARSEMIIREI T, BAMFIEER (FHZATEA recurse) ik
o] — AR G REAFR R AL (EMHT (Bl suce zero) HRTLA, (B4 THACA R, FATRE
ALY m, POAFATRE HA Y m A NFEA SFEm EJ iter,

P24 remaining M3 n MRA(E, FrPATE m i8ZI 00 R MNE 0 3RO IERFRIEOLT . BATFRASE
e

RPBEX ADT

BT R NER ADT 24}, Scilla ibS2Rf ] 7 H & X ADT,

ADT JE (A BE R I BAERR P RO R 7y - A BUE S AR, A M BHE S AR . ADT & A
SCEREEAERITEE A, BT ADT & 305 2 BiAE Rl — PRSP e A ADT & 3. Fpsilt, ADT
S SCATREAN 2 AR )17 X5 T H .

A ADT L7 —HME R AL B TS s RCER E T VP2 282, X LB IR N H 365 R BSOR T I 2 20
RCREANZERL, T R O] DA E A AR

— AL ADT DA RFERIZFR, G2 ADT BT 1 s B 46 A a5 R 44 Bk . ADT 1
3 R B A AR L AAR G FRF L (CA” - 27 ). (Hi2, MEEREeR ADT flse RAMFE 2458, wig
Pair RAUWIEIL—HF, EMMEAER BN Pair.

YN P2 L) ADT BB, 5555 ok B SEPL44 R Shogi 1Y Japanese Chess (https://en.wikipedia.org/wiki/Shogi)
MRS A B2 PRI AN B . MR BRI, BuR ] AR B s — LT, R e piipsi 1
i QLI ol S 2 G i E e DU R

ATPABE I AR 22 Piece & FRRIVAL T

type Piece =
King
GoldGeneral
SilverGeneral

Knight

Pawn

\

\

\

\

| Lance
\

| Rook
\

Bishop

B 1 R AR R P A T A R B R I Z AT S5
BRI — e, Hrp A B B A AT -
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type Square =
| Square of Uint32 Uint32

R square @—RBMRHI, Hrt s -G R AMEIM A TR Xl H AL —RERG
KA . MG AL sSquare HZPIASHL, # Uint32 KA, ENTREE FIETTRR AR (FrRI5).

G piece P LML, FATAT LA AL & B BEASEIETT [0 3Gz shJ7 [ 2RAL, AR fos:

type Direction =
East

SouthEast
South
SouthWest

West

NorthWest
North

\
\
\
\
\
\
\
| NorthEast

FATBAE AT LASE SO PAERA TR DL T 0] AR AT ] RESRAE 2 -

type Action =
| Move of Square Direction Uint32 Bool
| Place of Piece Square

| Resign

WERBC R R B — LT, A M3 e £ Move , FHRBEIIAD 24
* square FMKWBEL, HRMEREBHIBLT 12 0L E
* Direction MBS, FARBBNITITH .
* Uint32 RMWSHL, R T AE S H e
* Bool FMWBHL, WRBR sl TAERRE s e 15 BB Tt -
HIRL, WERBUZE PRI S ni AR T A AR b, IR A R 4L Place, IFH2BEPINSHC
* Piece FMWBHL, HRIHM—HUELEM E.
* square FMWSHL, HRHL T AR (E .

5, WRIUE SRRSO ER R T AR T, V% & K E Resign, T Resign RRZAEA
28, R SR TS5

TRA DR YEE TSR, FATE match iEA N mat ch FkRK:

transition PlayerAction (action : Action)

match action with

(Qi¥i#3)
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| Resign =>

| Place piece square =>

| Move square direction distance promote =>

end;
end
APBENX ADT B2 BI4RIR

HfR: T Scilla SEELH AR, A 9(E B GE H T Scilla 0.10.0 KB E A, ] 0.10.0 Z Fif Scilla
WA 4 55 e IR A R A L0 0 E R G 5 RN B2, R BT A TS AT 0.10.0 Je 0 i iiiAR .

AR ST A2 AR TEREI 2, BE R M T P ST AR, e
R KRR

B, A FRAEL:

library ClLib

type T =
| C1 of Uint32
| C2 of Bool

contract Contractl ()

field contract2_address : ByStr20 = 0x1234567890123456789012345678901234567890

transition Sending ()
c2 <- contract2_address;
x = Uint32 0;
out = Cl x;
msg = { _tag : "Receiving" ; _recipient : c2 ; _amount : Uintl128 0 ;
param : out };
no_msg = Nil {Message};
msgs = Cons {Message} msg no_msg;
send msgs

end

(FIakss)
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(* ok ko ok kb b ok ok b ok ok ok ok b ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok *)

(* Contract2 is deployed at address 0x1234567890123456789012345678901234567890 *)
library C2Lib

type T =
| C1 of Uint32
| C2 of Bool

contract Contract2 ()

transition Receiving (param : T)

match param with

| C1 v =>
| C2 b =>
end

end

RN G E X THFEMIER T, HXPFZEEAE Scilla FgiiA 2 AR, FR5lE, XEWREM
Contractl Ki%F| Contract2 B EANS % transition Receiving, K NAVEN param j§ B FE &%
PR H Contractl RAL T, MEIFFEEMEEH Contract2 [RA T,

N TR E E L ADT ({EE N S8 1384 transition,  WhZUHE ] E SCHYE P E ORI, Rk AR & 24
HRALITFN -

library MutualLib
type T =

| C1 of Uint32
| C2 of Bool

(* R i e i b b e b i b b b e b b g b i e b g b b g *)

import MutualLib

library ClLib

contract Contractl ()

field contract2_address : ByStr20 = 0x1234567890123456789012345678901234567890

transition Sending ()

c2 <—- contract2_address;

x = Uint32 0;

Q¥iEi3)
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(22 30
out = Cl x;
msg = { _tag : "Receiving" ; _recipient : c2 ; _amount : Uintl128 0 ;
param : out };

no_msg = Nil {Message};
msgs = Cons {Message} msg no_msg;
send msgs

end

(* R b b b b g b b b b g b b b g b b b g g b b b g g b b b *)

(* Contract2 is deployed at address 0x1234567890123456789012345678901234567890 *)

scilla_version O

import MutualLib

library C2Lib

contract Contract2 ()

transition Receiving (param : T)

match param with

| C1 v =>
| C2 b =>
end

end

P8 SR R T AN E SR R E 215

3.44 E% ADT =l

T U Al B ADT, FRAIHAE T 2R B A T e, T i ) A B R AR BT A
FEScilla 47/ & B ListUtils 443,

THEIIREILER

PR 1ist_head RIIFIFEME—NTOE.

HMTFIRTREZS, 1ist_head MREH AN BB, NN iZRE option RAKE. WIRIIE
=, HHE—AICHERZ h, 4 list_head Vi%iRIH] Some ho AN, QIRFFNZ, list_head ViR
[o] None.,

PAF RIS A BE /R T list_head USSR LA K Gnfal i B

3.4. Scilla FEREH 75




scilla 373044, A% 0.7.1

let list_head =
tfun 'A =>
fun (1 : List 'A) =>
match 1 with
| Cons h t =>

Some {'A} h

| Nil =>
None {'A}
end

let int_head = @list_head Int32 in

let one = Int32 1 in

let two Int32 2 in

let three = Int32 3 in
let nil = Nil {Int32} in

let 11 = Cons {Int32} three nil in
let 12 = Cons {Int32} two 11 in
let 13 = Cons {Int32} one 12 in
int_head 13

S 2FTHRE (A RRBIRBSEL, WA 3ATIE 12 List AR () SH WATE, 5B 1-3 474
FE T —AREL 1ist_head, BERA[DUMALMZERL A LBk, FHAF List A FBRENASEL.

55 4-9 Fr P BB RC LI 1 A9, FE5H 547, FRATIEECHIEMERE Cons h t, HA h2FRMHE 1
JUER, Tt IR . WERAIFA NS, WIPCECSE, FATRE— IR (R ] Some h,
FESE TAT, BATUCHECH FANE R NL L. MRS, MIPLHCAS), FATR T 2E({E None ZRa R i
AKILER.

F 1147524k T Int32 5AUM) 1ist_head R, PAE¥F 1ist_head W T List Int32 BRHHE. 5
1320 F7d—A~ List Int32 FKAWIIZR, 56 21 FTFEa o= FIR S0 1ist_head BR%L.

HHEERE

PRET 1ist_foldl #E4E function £ : 'B -> 'A —> 'B, B z : 'BHIYIFE xs : List 'A
FME L R AR B ZE T S B 25 5 o X R DASEER Ay VA S5 s 3 25 5 R P R AL

LW Bmes z AN PEEMH £ FETE x « "ABHNH, HEEEZIETENIE.
wn, M ZmES 0 FFIREEEELE (1, 2,3] EAIERZ ((0-1)-2)-3 = -6, LB FHEIIL
T fERE, RS E B ImasA,

list_foldl _ z [] = z
)

list_foldl f z (x:xs) = list_foldl £ (f z x) xs
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i 1ist_foldk tn] PAIE T2 W 22 P Bl AR ke S PR [R) 0 S8 s ol ot T IRk B it . FeA 1
PR left_f : 'B —> 'A > ('B -> 'B) —> 'BHEEZSEMLE. F—IYIFEITCEMBIHTEM .
IBIHVEAHRFEH 1ist_foldk pREGERML. FHRHERE— A H AR SCH .

let list_foldl : forall 'A. forall 'B. ( 'B -> 'A -> 'B) -> 'B -> List 'A -> 'B =
tfun 'A => tfun 'B =>
fun (£ : 'B -> 'A -> 'B) =>
let left_f = fun (z: 'B) => fun (x: 'A) =>
fun (recurse : 'B -> 'B) => let res = f z x in
recurse res in
let folder = (@list_foldk 'A 'B in
folder left_ f

BAVRIEEE — Bk, 658 1 47, FIHARRMRRES . {258 47, FRATUIZRECR A AEUE N 25 ' a
' B. EE T BRANAR, SBSATIRA M BB £ SRALERS FOT R E s

TESE 447, AR £ & XISk, ISt A RARE, MENZRIERERBOCREH, 1EREER
BERIRRE, left_£ @ 'B —> 'A -> ('B -> 'B) -> 'B, left_f #2 BRI SEL. AT
BB £ 2z x HHFEFRK res. SRIGTRAT 0 E a8 19E A/ .

TESE 747, FRAVE AN AR LBk —A~ 1ist_foldk SEfl, LB HAE AR A IERAEEL,

eSS 8 47, ATV THA LI EMIAN folder, list_foldk WEBEZAYET, AR, &
PO E FRERITEE , BRKE SO R AR R, XS E AR B F B P ERA
Hr R BE ) 2N 8E .

HEERE

EHE—SRE £+ 'A > "B > "B, EMgE z : 'B fIFIEK xs : List 'A WIFLT, KL
list_foldr RPIAIEMEER. 5 list_foldl —#f, X PUZISIH GRS KT BT REL.
HMBRUUT LN R, EAEEMERE LR . G9rEMNKRBIFRN A 2Ie z (e e, K5

SEECE TAOCR, BIECE=AOcRFA G, BRIERAIL. B, 15k (1,2, 31 _ERATTEN S G
O JHIRIIAE BT 1- (2-(3-0)) = 2. FHPADMURSIH , FEREERIGE R R N4asRAL.

list_foldr _ z [] = z
)

list_foldr £ z (x:xs) = f x (list_foldr £ z xs)

AR —FE, LRGP SRE, WA list_foldk SEIAHFIMIRIR . PrEfiiid RS E In#s
z : 'B, F—PMHIFEILEx : "AfEHEM recurse @ 'B -> 'B, #®IHJEAKH 1ist_foldk FREL
PEft. TTECRHRE— N HAR S

let list_foldr : forall 'A. forall 'B. ('A -> 'B -> 'B) -> 'B -> List 'A -> 'B =
tfun 'A => tfun 'B =>
fun (f : 'A -—> 'B -> 'B) =>

CNIUERED)
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let right_f = fun (z: 'B) => fun (x: 'A) =>

fun (recurse : 'B —> 'B) => let res = recurse z in f X res in
let folder = (@list_foldk 'A 'B in
folder right_f

XGPARTAER AL FE5S 147, AR — Bk, FRMARRRIRRAESY . 655 247, BATRAPIA A
SR A B S EATRIR AN — SRR AL £ ORALBIFIRITE x ¢ A MBI 2. SEONFLRG AT
BT .

2, AL AT —FER BT SRR, 1ist_foldk MR PR, (HERNIFEE 1list_foldr Kot
NGB LR . B TES 5 AT recurse z fERNRATBIE —AhE, FRATEEH LG REL £ FF5L it
BIERB )G, ARG E NS . —HBHEAEA—253%, ElsRmRERE NS . RIGREEA £
x res (55 547) BN BRI L mANL A, S0 B,

5 SATIBEIHIE M recurse z PRRRER—E, (HEASZ AT PENF) RITE .

TS 6 47, FRATET N FIZR A Al B RSBk 1ist_foldk, FHPAMAIEMS & TR WEE. e —1T
AT I A IERIT SR folder, MZEI—FF, list_foldk MUFRRIZAMET B BIHTEH B
SRR, BRRER RSO BRI T,

BEFIRPHEEY

B 1ist_exists B AMEIBEER 1%, R AME, RIS B XS R4
FEETT

VR RO R R R, PR SN To Rt 2, SRR 2RO % 551
FHIC R ST

list_exists WiZiklW True (WEAREFEZEDX—AICRML) W False (WERIFIARIIE P REMAITR
HAMAL) , BIPA 1ist_exists R [II2EA W i% 2 Bool,

ARG B /R T list_exists BYSEEL, PASAIM] R &

let list_exists =
tfun 'A =>
fun (f : 'A -> Bool) =>
fun (1 : List 'A) =>
let folder = @list_foldl 'A Bool in

let init = False in

let iter =
fun (z : Bool) =>
fun (h : 'A) =>
let res = £ h in

match res with

| True =>

CFItakgs)
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(22 30
True
| False =>
z
end
in
folder iter init 1
let int_exists = (@list_exists Intl28 in
let £ =

fun (a : Intl1l28) =>
let three = Intl28 3 in
builtin 1t a three

(* build list 13 similar to the previous example *)

(* check if 13 has at least one element satisfying f *)

int_exists f 13

SHIRRBI—E, A R R R R SE
* i £, HlR[E Bool MY, FERXFPNGLLT, £ AT IIRMICEK, ARSI N A,
P, £ MY iZRE 'A -> Bool,
* KA List 'AMICR 1 PR, DMESIRPOCRIEALT £ (S UCERMITHL.

HTHPFIRASIER L AT, OV 1ist_foldl. 7E58 517, FATARALM A KITRIFIFRNFA
4 Bool MRMARERIML 1ist_foldl. fE5E 6 f7H, FATHAILGRIMAHEBE N False LAFE/RMAREE
PR IR

25 7-16 F79 2 LI AL PR AL iter MRS mis) F oo RIiE A, Har M EH i Bhnas. a4k 2059 2 1551
JEZE, N EINEERE R True IEFERIS 038 T A A% 55 A

ZMER R ZMHE 252 True, Fon £ XPIERRH R D—ATCKIRE True, BAE False, Fon £ X5
T TCE AR E] False,

TESE 20 47, FRATEHBIML 1ist_exists DAALEE Int128 RAUMFNE . FE5E 21-24 47, A1 L TETHE, a0
BHSHUNT 3, NiRE] True, FNRE False,

527 1A TR SH— N BIHE S 13, 725 30 17, ATFEHIRT 1ist_exists W T1HH
GIBZIE S
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HEHEIREANE— XL

PREL list_find EWEIH p : 'A > Bool MFIRPMERE M. BEZIFHMIE, W =<2
BN EMEp x MkRME Some {'A} x :: Option 'A, fHFMiZ[H] None {'A} :: Option 'A,

THENTE—A List_find BWEH, EUH T 1ist_foldk,

let list_find : forall 'A. ('A -> Bool) -> List 'A -> Option 'A =
tfun 'A =>
fun (p : 'A -> Bool) =>

let foldk = (@list_foldk 'A (Option 'A) in
let init = None {'A} in
(* continue fold on None, exit fold when Some compare st. p(compare) *)
let predicate_step =
fun (ignore : Option 'A) => fun (x : 'A) =>
fun (recurse: Option 'A -> Option 'A) =>
let p_x = p x in
match p_x with
| True => Some {'A} x
| False => recurse 1init
end in

foldk predicate_step init

MIPART—FE, RAVFESS 2 47H— D RBAE A, IFE N —A7HBOlE . F-ATE el X AN 894 fok S il ik
foldk, ZEIATAGATRISTIAFLR M, AHRACH TR ITERA, 458 KA0 option "A, F—f1&
T ZIms, FAVBRAEE BRI IR A W L 5510

TS 747, TATTH foldk BT —MrEfiid. XA T M NFFEIHK 25 F. predicate_step [
Ak option 'A -> 'A -> (Option 'A —> Option 'A) —> Option 'A, F—PSHEENLE,
B x 2 TN ITE, FNEEREHE . IAIAET-ZINEY ignore 2114, BRI
HE, RITRCEL LT .

TE56 10 8] 12 7808 p o x, WRESL, WR[E Some {'A} x. fFp x AOLHER T, Bl =M LI
AR F—I0E, KL, recurse init fEMCIEH4ET Ak. foldk predicate_step init k
xs, HH xs BRATEAB TCES R .

T a—17H, AT T foldk PAETE HiEEZ A RSEIFA BRI AE LR, foldk ¥
BN HCNIATRAE T IRATVEE R eI, B, WRRARE NS, R0 A HAD A VTR

predicate_step,
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3.4.5 fRAERE

Scilla A5 FETEScilla A7 B RS,

346 AFBENE
BT Scilla $ROERIARIERE, B AT AYE K Bt b3 AR . SO I A vr e 4l Scilla (01 (X5 G204
RIS RBIARR ) o PESCPFAUEN - scillib SUFY R4 .

MR AE SRS, BT AR add_if_equal, WIRENIMSE, WEME| Uint128
{H, AHWERME o,

import IntUtils

library ExampleLib

let add_if_equal =
fun (a : Uintl28) => fun (b : Uintl28) =>
let eq = uintl128_eqg a b in
match eq with
| True => builtin add a b

| False => Uintl128 0

JE S AR ST Scilla A5 21 JBE TR I 2548 o JE SO 2 A8 BRI 2 e s B0 o S, (BN A S48, °F
B, transition £ SEPR & 20E X

Froal B2 EA BRI T B, B, Fra R TeRaEsm, HaBt o,

HELFAER T ARM, ERA AR AR MR (G EE ) AR PR E R T E %S
AF o I, WR X S A Y MEESAE 2, Wz RAFRAE X BJERIN, MAE Y . S AFRITE
PRI A SRR, HAERA B BORC M B R

ERARPBEEXLERTHRBIFR

BRSNS (e ) A B A2 AT R EL, Scilla W T UM TS50 AL E ~1ibdir
VEI, PARAEASE) H A, WA Scilla 305 A ALib, W Scilla WJHRAT SCURAESR LR B SR p i 2
%K ALib.scillib WM. QWERZAH & B EMAFRIN SO, WXL B SR 7 5e g5 B gt
25 Scilla AT TSCHERINFAR R . 80K, PTDARFEREE AL § SCILLA_STDLIB_PATH ¥ A F H g,

scilla-checker VA5G ABEARE B 7 Xk E ERE . [, scilla-runner AJPATPE . WHHR,
scilla-runner ¥f blockhain.json fERNZEL (B24 4412 rif A=) M8 S GA0 @Ay
SITBHL
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XiR$E ERI R P EE XL E

A Zilliqa IKHEE B AT AP HARHE Scilla 2, (ELAAUN HARMEBUIME B LASCRE I H R S

FER) init. json A — 4N _library i) Bool 45H, WHE N True. ML, A HE ER
HARFENHAEH init. json PEE—N% N _extlibs 4 H, J§T Scilla2kF! List (Pair String
ByStr20) . FFRPEYEAEc HERRF AN 4 PRI 3 HAE X S v i il

4 F—AIRBl, A Examplelib BEAEENAEH init. json PG PATA4H

[

"vname" : "_library",
"type" : "Bool",
"value": { "constructor": "True", "argtypes": [], "arguments": [] }
}
{
"vname" : "_extlibs",
"type" : "List (Pair String ByStr20)",
"value" : [
{
"constructor" : "Pair",
"argtypes" : ["String", "ByStr20"],
"arguments" : ["ExampleLib", "0x986556789012345678901234567890123456abcd"]
by
]
}
]
WEEE

FAEA A T AR A FRE R a4 250 . ZR AR Foo HERS| Ay 44 25 [H) Bar, 5 HEH
import Foo as Bar. IUAEMZHHRESFR Bar.v ki Foo HIWAE v, XTEFAZE XAHFZ
PRI ARA F o

[l — A B A4 AN BEAE ] — e 24 S E X2, IR Z A AR A E SCT MR 288, IBamZ—14
PERTDASERATERROA (ARRRAE ) dir 4 zs o AT At 5 34 b A8 ) B i iy 44 25 ) o

PIRFATZ ARG, WFme—NATHARE add_if_equal MTEf4 %5[H Bar g A
ExampleLib &4,

scilla_version O

(FItgkss)
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import ExampleLib as Bar

library MyContract

let adder = fun (a : Uintl28) => fun (b : Uintl28) =>
Bar.add_if_equal a b

contract MyContract ()

3.4.7 Scilla f#&

FEFRERE
Scilla FOAAT — A EEHCA . WERCARKNT S, Fonh x.y. 2, B X Z2ERMA, v 2IREMA, 2 24
T%5.

o AN TEFEZAPIA ST NN RBE . AT R

o WERCR T B A A A & AT R VERESGIERI S BEAS N . RO ]S AR, ELRI R 1%
JA .

o FERARNEGHRE . FA1A LT TATPATI Scilla A4 A LI, PABITIRE % F A
HUESEAR

TEEERA A, A T SR i /MRS .
4 scilla-runner -version FFfTEIRGRMIAIMRERAY LB, BN T HCA .
BYIEE

4~ Scilla AU AT IATF A . AT

(***************************************************)

(* Scilla version *)

(***************************************************)

scilla_version 0

(***************************************************)

(* Associated library *)

(***************************************************)

library MyContractLib

CFITgkZD)
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(***************************************************)

(* Contract definition *)

(***************************************************)

contract MyContract

TRE AN, R H S T B scilla_version : X.Y.Z, KGRI IR TBORIREE G2
MIA . [A#E, scilla-checker WATEMRE IR E A AN RA .

init.json ¥

B T AR e RSN, IBER G2 init . Json TEHE A ZUAITE I A 24 transition B35 & AH [F] 1
iAs . X AT T DB A R e 2 1R A RS 1 1 A

it Json AR A R TURLH SRR gas-charged 4.

init.json /Rfil:

{
"vname" : "_creation_block",
"type" : "BNum",
"value" : "1"

b

{
"vname" : "_scilla_version",
"type" : "Uint32",
"value" : "1",

}
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wHA

2 B A DA 9k AR R B CE O SR IR B 29199 transition I, HR43% transition W] HE & AkEE A iK
—REEZRHE, WATRES T AL G YR Al transition. It AERTHE . ¥E54F% . transition i I &
ZRSE BRI

KIEW B S —A transition  GEEAER —EZ) L) 1) transition Frh 48 XA A .

TEAL Gy ), A ARAL PR S LIFO BASY (RIMEAk) . Sty THEBAIIAUE & 50 I P ik BANE B
4 transition JATEEAH N, AT HE S 1] S S AR L -

24 transition SN, B RIME B RPN MBI o SRJE BRI R BAA H A 5 — 2531 R AREA T AL
o WEREAHTHR AP, WG58, BRSSO o SR AR P <2 31 X BBt

24 transition &% 2 25 THEL, T B35 DA WL 75 m 21 BA S H -
o WARPITEZ K send 1BA], M JE—IK send B BB X FIRE 15 SR —IR send [THE

o MRS send MR T MU Z A EMIIR, WAER ISR RATHEZ AT, K51 FRI KM
MEIBAS . X FERE SR PR RG—RIEE CEEmmEs R hiEe) Eaemaatn.

TG AT RN AR E A T R AR 2 S BOE A3 5 Pk, AE T 0iEA), RN EAAHEEE— S IEE
BIE A RSN, IR R ERINAS A kS . SR, EEIMEE S, T3R8 h23g
gas % .

FREEAZ Gy AT DA AR T B BB R 10, 28T RER W RES AT AT .
i) Scilla HEAH & 29T RES A ER ] transition. 242 [A1TH B A% 18 i 1 SCORUEAE 5 ZERAZ [ 9] S e

Accounting

ST IRAE ZIL 4 EER%, Scilla 2505 48295 L. BIFTHENK, 00y AR AT accept B4 IfIE R
Py AR IE T PAT send {BATR AL

YA AIAT accept EAIRF, fEAER _amount HIRMMEIALH _balance FEH ., I, _amount M
RREFAE R (AR EE T REY, W2 _balance FEL, sUENRERE A, WM K4
i) .

M, BEAPAT send iBAET, AMEIHER) _amount (HASM _balance FEPHIER, H NS M
RBHRIHE T2

WA ks (BRRAA SR MhE) BaCHEZ A AR S, (BT i Bt B2 B 2k
i

o 1 e 32 v SCHEA TG T R e AT T RE AR LU LB 2924 BT _balance 2B 4. HATE— P Z A
WHEREZ RS, SEMRZMERHEPR— (E2SBCUNGAE (M) BOMNTER AR
ALPRATH SRR ) BRI, A A SR
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WERAEA Gy i R AL AT, BelCE 2R &2 T RAERBP TS, WakEsfrndie, B
MRGIR UL AL, FER G WAL AT, P RBHEA SART 0,

3.5 Scilla #r#RE

Scilla FRIEFEE & AN BoolUtils.scilla, IntUtils.scilla, ListUtils.scilla, NatUtils.
scilla flPairUtils.scilla, Jilig/E X, XEEZ4 58 Bool, IntX, List, Nat fl Pair ZRAISL
T SE A

BAEA AT AR MEE PR, A import FRBRSARH SO, DA AR B R T Al A
ListUtils Ml IntUtils EH S ARE:

import ListUtils IntUtils

import FRILAUEHAE G H S ER I H, Biln:

import ListUtils IntUtils

library WalletLib

(* The declarations of the contract's own library values and functions *)

contract Wallet ( ... )

(* The transitions and procedures of the contract *)

N, BT GRS R

3.5.1 BoolUtils

e andb : Bool -> Bool -> Bool: iIE W Bool (HINZH 5.
e orb : Bool -> Bool —> Bool: &M Bool {HHZHE,
* negb : Bool —> Bool: T Bool (HHZHEE.

e bool_to_string : Bool —-> String: ¥ Bool {H#%#i N String{H. True A% "True", False

A% "False",
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3.5.2 IntUtils

e intX_eq : IntX ->IntX ->Bool: % T Intx FER A SHEELF.

let

let
let
let
let

let
let
let
let
let

let

int_list_eq = @list_eqg Int64 in

one = Int64 1 in

two = Int64 2 in

ten = Int64 10 in
eleven = Int64 11 in

nil = Nil {Inté64} in

11 = Cons {Int64} eleven nil in
12 = Cons {Int64} ten 11 in

13 = Cons {Int64} two 12 in

14 = Cons {Int64} one 13 in

f = int64_eq in

(* See if [2,10,11] = [1,2,10,11] *)

int_

list_eqg £ 13 14

uintX_eq @ UintX -> UintX -> Bool: HTHT UintX RBIHIHE B,
intX_1t : IntX —-> IntX —-> Bool: LT IntX BEHK/NFEBESF.
uintX_1lt ! UintX -> UintX -> Bool: ET UintX LBHHK/NTIBELF.
intX_neqg : IntX -> IntX -> Bool: HfT IntxX RHMWALEEES,
uintX_neq : UintX -> UintX —-> Bool: H T Uintx KA ARLIZEL.
intX_le : IntX —-> IntX -> Bool: /INFENZTF IntX KHMEEL,
uintX_le : UintX —> UintX —-> Bool: /NTHZT UintX RAEIMEEH,
intX_gt : IntX -> IntX -> Bool: LT IntX BEHKYKTEBES.
uintX_gt : UintX —> UintX -> Bool: LT Uintx BHWKTEEL.
intX_ge : IntX -> IntX -> Bool: KRTEHZT IntxX KAz EH.

uintX_ge : UintX -> UintX -> Bool: RTHET vintxX KBB4,

3.5.
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3.5.3 ListUtils

e list_map : ('A -> 'B)

¥Ef : 'Aa > "BWHTL

-> List 'A -> : List 'B,

List 'AMBAICE, WEERNIIE (B 1ist 'B).

(* Library *)
let £ =
fun (a : Int32) =>
builtin sha256hash

(* Contract transition
(* Assume input is the
(* Apply £ to all value
hash_list_int32 = @list
hashed_list = hash_list

(* hashed_list is now [

a

*)
list [ 1 ; 2 ; 3] *)

s 1in input *)

_map Int32 ByStr32;
_int32 f input;
sha2b56hash 1 ; shaZ2b56hash 2 ; shaZ256hash

*)

e list_filter : ('A —>

Bool) —-> List 'A —-> List 'A,

B £ 2 > Bool RIS INIER. WR—TERWL £, EAFELRIIRE , T

TR o TR AT B PR P -

(*Library*)
let £ =
fun (a : Int32) =>
let ten = Int32 10
builtin 1t a ten

(* Contract transition
(* Assume input is the
less_ten_int32 = @list_

less_ten_list = less_te

(* less_ten_list 1is now

in

*)
list [ 1 ; 42 ; 2 ; 11 ; 12 ] *)
filter Int32;
n_int32 £ 1
[1; 21%

e ]ist_head : (List 'A)

REFFE L List "ARSKITRIE N

H1okEs, NMIZER K None.,

-> (Option 'A),

WR 1 HE—NITE h SRS, RN Some he Al
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e list_tail : (List 'A) -> (Option List 'A),

REIFIF L« List "A PR TEME. W2R 12N cons h t IR, MLEHRHK
Some t, UM 1 M%5, NIFHE K None,

e list_foldl_while : ('B -> 'A -> Option 'B) -> 'B —-> List 'A -> 'B

BE—NEHREE © 'B —> 'A -> Option 'B, E#Ez : 'BUAMNIIFE 1s : List 'A, H4Fk
AR £ z x + 'Bik[| Some x : Option 'B IS NZ, (HFE None
Option 'B WM& FHERIZ L, FHiRE z, RPITLENE.

(* assume zero = 0, one = 1, negb is in scope and 1ls = [10,12,9,7]
given a max and list with elements a_0, a_1, ..., a.m
find largest n s.t. sum of i from 0 to (n-1) a_i <= max *)
let prefix_step = fun (len_limit : Pair Uint32 Uint32) => fun (x : Uint32) =>
match len_limit with
| Pair len limit => let limit_lt_x = builtin 1t limit x in
let x_leqg limit = negb limit_lt_x in
match x_leqg limit with
| True => let len_succ = builtin add len one in let 1_sub_x = builtin sub limit x._
—in
let res = Pair {Uint32 Uint32} len_succ 1l_sub_x in
Some { (Pair Uint32 Uint32)} res
| False => None { (Pair Uint32 Uint32)}
end
end in
let fold _while = @list_foldl_while Uint32 (Pair Uint32 Uint32) in
let max = Uint32 31 in
let init = Pair {Uint32 Uint32} zero max in
let prefix_length = fold_while prefix_step init 1ls in
match prefix_length with
| Pair length _ => length

end

e list_append : (List 'A -> List 'A -> List 'A),

RIS — SRR, PRSPPI ICRINF . §HEE, 1ist_append R4
— SRR ERA R R IR

3.5. Scilla #r#EREE 89



scilla 373044, A% 0.7.1

e list_reverse : (List 'A -> List 'A),

Return the reverse of the input list. Note that 1ist_reverse has linear time complexity in the length of the

argument list.

e list_flatten : (List List 'A) -> List 'A,

WE— AT TCREE— DR RSIER. ASIER (KRB List List 'A) MEDITER (KA
List 'A) HREEAE I, HORFHASIRMIUT . HER, list_flatten FEFTASIRPIITRE
b BA LA RIS IR

e list_length : List 'A -> Uint32

WRPIRFIURR R . R, 1ist_length fEFIFRH LR BTy R A LIEREE 2L

e list_eq : ('A —> 'A -> Bool) -> List 'A -> List 'A -> Bool,

EHIBWEECE © 'A —> 'A —> Bool BN ICREMAIIER. WK £ X THXICRARR M True,
N 1ist_eqiR[] True, WIER £ 2/DX—XICEKR N False, BEEWMRIIREAREPKE, W
list_eq ik False,

e list_ mem : ('A -> 'A -> Bool) -> 'A -> List 'A -> Bool,

KftxE a « 'A@hadE 1l ¢ List'AHIEE, £ ¢ 'A —> 'A —> Bool WML
B

(* Library *)
let £ =
fun (a : Int32) =>
fun (b : Int32) =>
builtin eq a b

(* Contract transition *)

(R Tgksn)
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(* Assume input is the list [ 1 ; 2 ; 3 ; 4 ] *)
keynumber = Int32 5;

list_mem_int32 = @list_mem Int32;

check_result = list_mem_int32 f keynumber input;

(* check_result is now False *)

e list_forall : ('A -> Bool) -> List 'A -> Bool,

Kif 3k 1« List 'APITACEEGHEIRIE £ ¢ 'A —> Bool, WURATAITHEAR L £, W
list_forall ik[H] True, WRZBZDPHE—PILEAWE £, WR[E False,

e list_exists : ('A -> Bool) —> List 'A -> Bool,

RASIER L List 'AMEDSANITTEREWLIEF £ ¢ 'A -> Bool, WIREDH-NICEW
JB £, M list_exists ik[H] True, WREH —NITEWE £, NRE False,

e ]ist_sort : ('A —> 'A —-> Bool) —> List 'A -> List 'A,

EHBEAH TR ASNFR 1 0 List 'AHTHIT . WRBE—ASEUNTHEASE, WA IR
KA £1t ¢ 'A -> 'A -> Bool W iiRH] True., list_sort B " IRIE)E Z)E .,

let int_sort = @list_sort Uint64 in

let flt =
fun (a : Uinté64) =>
fun (b : Uinté64) =>
builtin 1t a b

let zero = Uint64 0 in
let one = Uint64 1 in
let two = Uint64 2 in
let three = Uint64 3 in
let four = Uint64 4 in

(*16 = [ 3 ; 2 ; 1 ; 2 ; 3 ; 4 ; 2] %)
let 16 =
let nil = Nil {Uint64} in

(Rt
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Cons {Uint64} three 15

(22 30
let 10 = Cons {Uint64} two nil in
let 11 = Cons {Uint64} four 10 in
let 12 = Cons {Uint64} three 11 in
let 13 = Cons {Uint64} two 12 in
let 14 = Cons {Uint64} one 13 in
let 15 = Cons {Uint64} two 14 in

(* resl = [ 1 ; 2 ; 2 ; ;3 ;3 ;4] %)
let resl = int_sort flt 16
e list_find : ('A -> Bool) -> List 'A -> Option 'A,

REIGIER L 2 List "APWEIEE £ : 'A -> Bool IEE—PILE. WAHRAERDEIDHE-ILE
Wi, HF HiX R PSS — e 2 x, WERE some x. WIEREAICEW LN, WS A
None,

e list_zip : List 'A -> List 'B -> List (Pair 'A 'B),

B PNEBNTCRAGTE—R, PE—DNEE. WRIERRARFER R, WK SR RRETT

EX SRl

e list_zip_with :

A G RS £

('"A —>

'B -> 'C) -> List 'A -> List 'B -> List 'C ),

'A -> 'B —> 'CENTTEMHEW AN FE. Llist_zip_with IR ER £ WV

AT WAFIRBITCREGIRINE . WRIRRARFERREL, W KR R0

e list_unzip : List

(Pair

'A 'B) —> Pair (List 'A) (List 'B).

e list_nth :

FE— RPN A — DR, XS R RS R R A A

Uint32 -> List 'A -> Option 'A,

MANEAREICERM T ne WERINERZH n 0K, HHICEMT nh x, W 1ist_nthik[i] Some
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x. WHFFEDTF nAIEE, W list_nth #&[A] None.,

3.5.4 NatUtils

e nat_prev : Nat —-> Option Nat: R[] 247/ 1 Peano 315, ISR M EIETF N zero, NZERE
"N None, WHRMHIFFZ Suce x, MgEHRE some x,

e nat_fold_while : ('T -> Nat -> Option 'T) -> 'T -> Nat —> "T:¥%S¥f : 'T
-> Nat —-> Option 'T., z : "TPAfm : Nat, XL nat_fold, HE £ K E
hngs v ikl some v, FR4kELIEIH. —H £ &[] None, JBIHZ L.

* is_some_zero : Nat —> Bool: Peano Z{FHIZEM L.
e nat_eq : Nat -> Nat -> Bool: ¥ T Nat KREIHEKR A,
e nat_to_int : Nat -> Uint32: ¥ Peano ZEHe 2801 Uint 32 B4,

e uintX_to_nat : UintX -> Nat: Y} UintX BN H L 30H) Peano $1. ZEEEN R/,
PAIER Uint32, WIERAZE, Iamtes A HaiR.

e intX_to_nat : IntX -> Nat: f IntX HEEE N HZERY) Peano 3. ZEHMN 2%, I
HAUE B/ NATE A Uint 32, WUERAR, W& AA e FlifE iR,

3.5.5 PairUtils

e fst : Pair 'A 'B -> 'A:$2HL Pair IEE—I0E.

let
let
let
let

fst_

fst_strings = (@fst String String in
nick_name = "toby" in
dog = "dog" in

tobias = Pair {String String} nick_name dog in

strings tobias

e snd : Pair 'A 'B -> 'B: 3¢ Pair (U5 AICE.

3.5.6 Conversions

BEBRAE T b/w Scilla JER M, Rl @ BRI 1Y AT Z R e e
N T BB N X B R B G RS kD, P R T — R AL

type IntegerEncoding =

LittleEndian
BigEndian

3.5.
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TR B AR EELPR, iR next_pos : Uint32, B PAMEIA Bystr fHAHHRPUL AT
— RO . AP P AR . BRI, next_pos HEIMLER R I B A AT T AT
iV ER NI AC

e substr_safe : ByStr -> Uint32 —-> Uint32 -> Option ByStr H#K Scilla #2417 —4W

B RBCRIEICE T AR T4 (Bystr), HEWANZFHLEN. BIRICNEHYSEN, B4
W S o IR SR E A S e R BRI, TSR s ¢« ByStr PRI pos : Uint32
A HAK R len @ Uint32 W47 . BEFEMRYIATRE] Some ByStr, FERIGHTE[H] None,

extract_uint32 : IntegerEncoding -> ByStr —-> Uint32 -> Option (Pair Uint32
Uint32) MAVE pos : Uint32 FF144, #F bs : ByStr H3E—/ Uint32 B{E. WIIRF, K[

Some extract_uint32_value next_pos, 75 NiR[F None,

extract_uint64 : IntegerEncoding -> ByStr -> Uint32 -> Option (Pair Uinto4
Uint32) MAiE pos : Uint32 FlIE, fF bs : ByStr HHE—/ Uint64 W E. KR[N Some
extract_uint64_value next_pos, &N [A] None,

extract_uintl128 : IntegerEncoding -> ByStr -> Uint32 -> Option (Pair
Uint128 Uint32) MV E pos : Uint32 Jf#f, £ bs : ByStr H{EH—4> Uint128 Hj
. )5, £k Some extract_uintl128_value next_pos, & MNik[E None,

extract_uint256 : IntegerEncoding -> ByStr -> Uint32 -> Option (Pair
Uint256 Uint32) MV E pos : Uint32 JfF#4, £ bs : ByStr HEH—4> Uint256 HJ
{H. WIIEF, IRM] Some extract_uint256_value next_pos, 15Mi%[E None,

extract_bystrl : ByStr —-> Uint32 -> Option (Pair ByStrl Uint32) M i B

pos : Uint32 H14&, ¥ bs : Bystr H#EHE—4 Bystrl H{H. WIN)5E, &k Some
extract_bystril_value next_pos, &MNIR[E None,

extract_bystr2 : ByStr -> Uint32 -> Option (Pair ByStr2 Uint32) M L B
pos : Uint32 JFIf, £ bs : ByStr Wi H—A Bystr2 W{H. W IIE, & E Some
extract_bystr2_value next_pos, &MIR[E None,

extract_bystr20 : ByStr -> Uint32 -> Option (Pair ByStr20 Uint32) M A
B pos : Uint32 FUf, ¥E bs : ByStr FIRE—A Bystr2 W{H. WG, £i&k[E Some
extract_bystr20_value next_pos, 75 Ni&[H None,

extract_bystr32 : ByStr —-> Uint32 -> Option (Pair ByStr32 Uint32) M AL
B pos : Uint32 JFUR, £ bs : ByStr HIRE— Bystr2 M{H. W5, 21k H Some
extract_bystr32_value next_pos, 75Nz [H None,

append_uint32 : IntegerEncoding -> ByStr -> Uint32 -> ByStr JF5{k—4> Uint32
WE (TS E gty ) R LHHm B ALY Bystr IR EIZ5H BysStr,
append_uint64 : IntegerEncoding -> ByStr -> Uint32 -> ByStr J¥54k—> Uint64
WA (TR E R gRES) FERLRE 234 Bystr FfiREIZER Bystr,

append_uint128 : IntegerEncoding -> ByStr -> Uint32 -> ByStr J§ %] b — 4
Uint128 W (82 mgT) FR MBI AR Bystr HiRMIZR Bystr.

94

Chapter 3. HZ



scilla 373044, A% 0.7.1

e append_uint256 : IntegerEncoding -> ByStr -> Uint32 -> ByStr J§ % £ — 4
Uint256 M(E (fHIGEM4RES) M s $e At Bystr IR 25 ByStr.

3.5.7 Polynetwork %55
BREHEAL T T H8 Zilliqa Polynetwork [ B 1455 I B, X 2L T B Polynetwork 1) DAK S 215 iR SK ,
B G RAIGRE .

3.6 Scilla EFEEIRERKIS

3.6.1 T4EE
BRE A/

URARI A 2075 BEALE 7 BIMUR RO, RIP B R R, IR 2K 7 BB A R N E size (1)
RSBl (ANPA RS 7 Bef ) mTREARFEARA, DO B T B AR AR SRS Ay B A

field accounts : Map ByStr20 Uintl1l28 = Emp ByStr20 Uint128

transition Foo ()

accounts_copy <- accounts;

accounts_size = builtin size accounts_copy;

end

AT RPN B, BT AR A F B A BT OME R, iR BN . EER, EAER
Mgt MM accounts_size FEAF R IELEL,

let uint32_one = Uint32 1

field accounts : Map ByStr20 Uintl28 = Emp ByStr20 Uintl128

field accounts_size : Uint32 = 0

transition Foo ()

num_of_accounts <- accounts_size;

end

BUAE, T BRI SR/ ISR [ 45 , 7 G A B A it T ) IS5 B SRR B R/, TN m (k] 2=
v B delete mlk] W, B SE4FHE SOF U RGARITEFARMEDE — xi.
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X BT S F 4 SR A Y B AR/ IN) procedure E S

procedure insert_to_accounts (key : ByStr20, value : Uintl28)
already_exists <- exists accountslkey];
match already_exists with
| True =>
(* do nothing as the size does not change *)
| False =>
size <- accounts_size;

new_size = builtin add size uint32_one;

accounts_size := new_size
end;
accounts[key] := wvalue
end

X2 NI PR 53 X AR B B R HER /N procedure 7 3L

procedure delete_from_accounts (key : ByStr20)
already_exists <- exists accounts/[key];
match already_exists with
| False =>
(* do nothing as the map and its size do not change *)
| True =>
size <- accounts_size;
new_size = builtin sub size uint32_one;
accounts_size := new_size
end;
delete accountslkey]

end

3.6.2 FEME
BAEZHES

BBARIEAE SR S — ML AN AR R G 2. AR B SR Ay Bl o — I N RT3 B i 45 K2 /N i 1
Do BOR Scilla WM 2 AT G MEF, (HR2ARANE accept <cap>. R PATEA AR S 4%
28t FATT DA SE a2 e AW, SRIGHE/ DB A b RN SE RIGR I /N3 R ke B BR

PSR, F T DSR4~ T Y procedure.,

procedure accept_with_cap (cap : Uint128)
sent_more_than_necessary = builtin 1t cap _amount;
match sent_more_than_necessary with

| True =>

Qi3]
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amount_to_refund = builtin sub _amount cap;

accept;
msg = { _tag : ""; _recipient: _sender; _amount: amount_to_refund };
msgs = one_msg msg;

send msgs
| False =>

accept
end

end

PITE, procedure accept_with_cap A PAINTR# .

<contract library and procedures here>

contract Tips (tip_cap : Uintl128)

transition Tip (message_from_tipper : String)
accept_with_cap tip_cap;
e = { _eventname: "ThanksForTheTip" };
event e

end

3.6.3 £
HiLEHAR

WERARI B A — NP Gl EWRE A G RAURIA, BIAnas /e i ek = s s O g s &
29) AIMEBFTIS R, IBAE—F, XA ATEAUHEH B LN 7B owner IR ChangeOwner —#£f)

transition :

contract Foo (initial_owner : ByStr20)

field owner : ByStr20 = initial_owner

transition ChangeOwner (new_owner : ByStr20)
(* continue executing the transition if _sender is the owner,
throw exception and abort otherwise *)
isOwner;
owner := new_owner

end

B2, XA FECYRI A H ORI R ARl BIan, 478 transition ChangeOwner W, ik
SRS ENR, LA E T RES S AT B BRI L . e L, FAIFe It T — Ml
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FORALEEE A

BRI A BT A 2 T R — 05 3502 20 P B BEdEA T A AU L
o YA E R G ICABSSESEIITE E, HER, ISR E R R A AT
o ARRHYHIA SR AL PR BT BRI O 24 T A 45
o« TEARRIHT T B2 AL BT 2, 40 I & KRR DA 1 i AL .

X2 EARRBAR AT RESC I (RJEIR procedure 1sOwner BHLRY):

contract OwnershipTransfer (initial_owner : ByStr20)

field owner : ByStr20 = initial_owner

field pending_owner : Option ByStr20 = None {ByStr20}

transition RequestOwnershipTransfer (new_owner : ByStr20)
isOwner;
po = Some {ByStr20} new_owner;
pending_owner := po

end

transition ConfirmOwnershipTransfer ()
optional_po <- pending_owner;
match optional_po with
| Some pend_owner =>
caller_is_new_owner = builtin eqg _sender pend_owner;
match caller_is_new_owner with
| True =>
(* transfer ownership *)
owner := pend_owner;
none = None {ByStr20};
pending_owner := none
| False => (* the caller is not the new owner, do nothing *)
end
| None => (* ownership transfer is not in-progress, do nothing *)
end

end

HA B transition (K& 290 T BURELE AR TR s &4
el EMHE BN E A AE RN — W X S F ] A tansition

RequestOwnershipTransfer;
s MG & ConfirmOwnershipTransfer,

TERTA B SE R |, 24 AIFTA & T DB 3 C©AYHhE I RequestOwnershipTransfer KH Ik
B ATRARIN (JT4%) & H transition, i H &2 i 225 F0H PS8 A &2
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3.7 Scilla #£&=22

Scilla ##E4% (scilla—-checker) R IEA AL, WA ELHIITHSHE, WRHRAGA.

3.7.1 Scilla {8 Z2EBIBYER

Scilla K A ASEAF I BGZE T, BEANH BB AR OF Al R4 R B R A & 20) N BB R
TnyaRE
o ARG ARSI B GEEMN (AST) o B RN SR AT T R 515 8 A U S 4
o7 B A TR
o ADT ¥ & H P E X ADT B R Fh 2o .

o R A AL IR A A SRR B R . AR BB B KRR 2K
o

o R Xde ERA A AR DEEILACR MR IS G 2 R HORF ITRC T S BTk %) . 9F H.
BRI ARN L XA R E AR TR GIA—RIB IR FIB R 30) o

* Event-info i T2 IIH B SR B U S A RN 7B MT M0, WREGA LA R
#F5 (Leventname) Y, MIEAIMEE (FEANZEA) BRI,

« AEALSVIALT . FBA ADT WA, Il @b v Bl TR (BE) IKEgEtem. Al
AT, A3k, A8, FBoR ADT #l IARICHATHRE, eI k.

HRASUE ERAFOR LG L. WRGABAEZ AT wansition, IWABE XK EL. B, W
transition HATEM & 2 MEZE R AL TRE, WA TS . AT R,
AR REE i S ITTE R A T 0L AR E R B 2 BR 2 MRZIER) (WERAFTE) , 5 21X T REI R
FAAEBATHRE M F Ao Scilla AR UAEA 4T FARE —cf ARG A AT, BIE S BEm s
Pr—&HhAT. B, nTHHRAMELMFE AT ZEN, IR A 25 PR .

o fEAMKSPITEZ MR ERA, BN, transition 5 procedure [ T S EHREA AN R FR.

xR

Scilla #5255 A AR A B BEAR 1T ASAH G P B AR R S IIERE . AR R A i B AE 4, Rep 5K
Ik E . Rep FRERM rep, RIFEREAIEA:

module type Rep = sig
type rep

end

B THERERRZ AL, Rep HYSEBILIE T VAR BRATBI R,  FLiF e i BOU R SE i B B R . o — 2Lk
TE Rep SEZ AN, BT M BTEGH A RIEE T AL, DA BT 88T 46 68 1 TR B X 2875 55
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module type Rep = sig

val mk_id_address : string -> rep ident
val mk_id_uintl128 : string -> rep ident
val mk_id_bnum : string -> rep ident
val mk_id_string : string -> rep ident

val rep_of_sexp : Sexp.t —-> rep

val sexp_of_rep : rep -> Sexp.t

val parse_rep : string -> rep
val get_rep_str: rep —> string

end

QURERER ORI B2 —, M mk_id_<type> §fIif SHILT R QIR . URKAUG AR
HRANAT, BB A (BN ARRAFRI— A B LA

rep_of_sexp fll sexp_of_rep HTHEMITE . QIR rep & H] [@@deriving sexp]* $5% & XLIP), MAEANTL
B 3

parse_rep fl get_rep_str I FEAEREGT A, B I1EA S AR T E IR T, X
BT R 2 7E Scilla R ARSI A A B <

Blan, ZEERRE TypecheckerERep:

module TypecheckerERep (R : Rep) = struct

type rep = PlainTypes.t inferred_type * R.rep

[@@deriving sexp]

let get_loc r = match r with | (_, rr) -> R.get_loc rr

let mk_id s t =
match s with

| Ident (n, r) —-> Ident (n, (PlainTypes.mk_qualified_type t, 1))

let mk_id_address s = mk_id (R.mk_id_address s) (bystrx_typ address_length)
let mk_id_uintl128 s = mk_id (R.mk_id_uintl128 s) uintl28_typ

let mk_id_bnum s = mk_id (R.mk_id_bnum s) bnum_typ

let mk_id_string s = mk_id (R.mk_id_string s) string_typ

let mk_rep (r : R.rep) (t : PlainTypes.t inferred_type) = (t, r)
let parse_rep s = (PlainTypes.mk_qualified_type uintl28_typ, R.parse_rep s)
let get_rep_str r = match r with | (_, rr) -> R.get_rep_str rr
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let get_type (r : rep) = fst r

end

BT (SRS Fal— I B R S 4R, 1 Scilla (G #Eds P, BI—BrBO @b, (HR] LAEE7E i
JEERE TR E BT BORACAT T o Beis i 2 P A Bz 1)

rep AU E B R J BRI — MERER—XT

B get_loc HZVER E—WrE get_loc s¥A AL,

PR mk_id J& mk_id_<type> B¥UVIBIREEL, B MG MR EOTREA B RAT
mk_rep PREUR ISTURG AR A 4l Y pR 4K

FMAT BN A thy AST 19 9262, e parse_rep fll get_rep_str ZMIEAHRE.

g, PR get_type $RIKIGLEH BIRZRBUE BT . X4 RETE Rep S84 A 123, PFOA—HK
BRI E] AST, Bt S ueRBG A S HUT .

MRIEE

ScillaSyntax P X T AST 4G 8. R BERSRF ol T2 BIL IR, — R TR AGEE, — R
T AR KPR SO AT TR R R . AR BOA =AM TR, A
SLBIRF AR o

240 SR M ER #jJ2 Rep KA, 735l SGRATMIZA IR

module ScillaSyntax (SR : Rep) (ER : Rep) = struct

type expr_annot = expr * ER.rep

and expr = ...

type stmt_annot = stmt * SR.rep
and stmt = ...

end

Mg xR

SRR A AR TERE , R (U S RTEETY AR R AL E R E R BRAL get_loc ARVFISEEHT By
R VACE

ParserRep 254 il TiEA) M358 20 RE .
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module ParserRep = struct
type rep = loc
[@ederiving sexp]

let get_loc 1 = 1

end

A EY

A IR A B B s AR B Rep BERIEAURGHT I . SCBU LA HTHERER AL (/RSB Rep
BB EEHIIR) MRS EL, AR BRI mT DA N B 2 i B E R

KA AR 0] AST g kA A RAL, (A S B RS LT A 2. (NI, SRR 4%
FOR R AGE LRI,

BEAh, Rep SLBLE L T eigk get_type, VASEJREERBIRT DAV TR i 282

module TypecheckerERep (R : Rep) = struct
type rep = PlainTypes.t inferred_type * R.rep

[E@deriving sexp]

let get_loc r = match r with | (_, rr) -> R.get_loc rr
let get_type (r : rep) = fst r
end

Scilla UG Ar 3R _E— B By iR A ANk R, ARG EBIML TypeCheckerERep (BIENEIHIHRERAL).
Scillasyntax (GBI —KTEAIGIEAIE, ENRBBEIRMEMA) M scillasyntax (QIELEA
R o TRHIEHE S St

module ScillaTypechecker
(SR : Rep)
(ER : Rep) = struct

(* No annotation added to statements *)
module STR = SR
(* TypecheckerERep is the new annotation for expressions *)

module ETR = TypecheckerERep (ER)

(* Instantiate ScillaSyntax with source and target annotations *)
module UntypedSyntax = ScillaSyntax (SR) (ER)
module TypedSyntax = ScillaSyntax (STR) (ETR)

TS
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(* Expose target syntax and annotations for subsequent phases *)
include TypedSyntax
include ETR

(* Instantiate helper functors *)

module TU = TypeUtilities (SR) (ER)

module TBuiltins = ScillaBuiltIns (SR) (ER)
module TypeEnv = TU.MakeTEnv (PlainTypes) (ER)
module CU = ScillaContractUtil (SR) (ER)

end

BREERR, REGAGEIATF T EA R ERRTERER, MEENT T T—BrB.

KA A I A S LB R T, BlfN TypeUtilities fl ScillaBuiltIns,

3.7.2 PRSI
P B B i G 297 B . BORI ADT M3 s B T, I 2l R L - Befl ADT I 3R (J5R)
EREEDS T . BEDEAFBER N — MRS TR, SRz 7 Bi k.

GRS R BT AT B, AR ADT Hy i ef B S B0 M. A2 PRIEHERS , (BB i &2
I RN SR ATIUYI 7 3 7 B TR

BITOH
AL LI —cf 3517 scilla-checker REETEI BTN BIANEN T ABIT0T, FNEMITEAES
LTI % 1 a4 .

FLGKEA S RGP . 29T A P B e R - 58 G 47 Big B i
B

ST

AT AR 2R AW AT & 291 transition F1 procedure,  FLE| A WA E— M EL
SIS U 2 transition (M AR A2 AT RE AR AL I EMIE IR S 2YRg K P AR A S X B
HEEIUATAT 7 B, IS T X B

RAMME HIH SRS A7 B _amount , HAERIHEAEMK 7 Z IR A A4 AJHER _amount
T B EIN 2 E Jr B AL BN %R TS ol S AR L A USRS 4 JUh, TR0 AR LA Kl Y _amount
7B R A R I I R R B
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MR, BHEEFEE _sender, _origin, _recipient fil _tag. FHMFEE _eventname. R FEE
_exception FIXHEEF B BLOCKNUMBER ARG, [ AR H T 9] 1A fhiX e Br ol X SEF Br 2.
— R FE I A BER AR I A AR T 4.

— BARIC TR R, BTN R b e AR R BN, QRIS RRE o B T AS A,
SR ARG M, WERPIARIC AR ST TS BAT N, MZ R R AR T .

IR 207 BLm R A Ny, SRR AATBIEML . FEREEILT, SRTBWOANEA 55
A AR AR AE

FI5E X ADT ARICETEE NN TR A S AERLAC T 6 I 58 BT

— H transition z¥ procedure /AT, JRFAS AT MR LS BARAT I B Hr 4k 82 3]~ —> transition 5§
procedure, [A]HEREH G ZF A ADT WAR2E . A —EFFEEEI A transition I procedure FRE /M52 52, [H]
AT AT AT IR AR L T

RE

ST A AR

* No information: ARWEEFIA KZALRIIFER . XA (HIFEER) RINZALRARWEN, FERY]
BB R

* Money: ZZsRFEHT.
* Not money: 7Z ARG T LASMIZR VY

* Mapt' (R 12— %) S RFIR— DB — g, HIERERIC 1o L, Y7EBT
AT LRI, SO REE G A ELR T RO, SR £ i WU B SR BB E S Not money .
A RA N RS A 27 bR %

o Ttl-~m* (P TJEADT, ol ---m ZHp%%): AL EFRIR ADT WE, BN List 5§ Option. 3%t -t X}
¥ ADT B RASHIIARE . (TS R A R Bexample ., )

* Inconsistent: %A O T FRRBEMAEHER M. A—B0W SR RIFER %
XA SR SRR A HIpR 2, PR 2 SRR 1 e B 45 R 2. (H2, BRI E R AL
— A ERRBIF

P T B

match p with
| Nil =>
| Cons X xs =>

msg = { _amount : x ; ...}

end
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x FITWITAALIE B _amount B, R x #¥FRIC N Money, T xs AT ELR, Hi x BEE—1PILE,
It xs W2 S x BAMFERERICESNR. BT List A FRAF-ANRUSHIWFEL, B xs
ebRicHh List Money.

Kb, p 5 NIl fl Cons x xs PUfig. Nil @— A&, [HEFAEEEN, RIOIXFIERBNE—T
JirEn, PR N1 B T ARSE List (No information). Cons x xs tig— 138, (HIXRIGATHH L HE T —
BT NEMEE, BIEE—I0E x Hl Money FRid, §31 P List Money #7it. I, Cons x xs XM
T List Money,

Bt —W % List (No information) F1 List Money M 25 H T List Money ¥3%5, BTPA p #8FRiC4 List Money.
ADT #3i& F #4xic

B AL T BRI R, LR e e g H E L ADT HR) i e AL
WML TAR R, 5% AT A& S ADT:

type Transaction =
| UserTransaction of ByStr20 Uintl128
| ContractTransaction of ByStr20 String Uint128

P A2 5 @ MR PR RYAC S, R UserTransaction 35 RECR IS0 007 H Pk
B b B T 1) 4

G T RBEWRRH— NS, NI ContractTransaction 2 =280 BT &2 HbL .
TERCH A9 Ly FI ) transition 44 FRDA S BEERL ) 440

BB, RIS, WA R B a — SR T 2R 5 M, A HA S T o AR5t
P, Bt e sl B B LY iR g 50, 8 24 AR 28 R A T I 3 R B 250

— I EFREIBF

B, 8% —"FH Scilla GG HIARFEGTL o XA LR AR AR AN AT SRl AL 7 B

contract Crowdfunding

(* Parameters *)
(owner : ByStr20,
max_block : BNum,

goal : Uint128)

(* Mutable fields *)
field backers : Map ByStr20 Uintl28 = ...
field funded : Bool = ...
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owner ZHFIRIE G NWHLE. goal ZHE A E RXEEELNEH, max_block ZHFNiEFHH
bR ik H 4

F-B backers jEiEFE AL SBSFBLYT, funded FERFE R HIRERE LT,

T 7B goal fUREH, WL RLKF HARFRICH Money. i, backers FE& i (i3 Money
AL RIS A RS , DRI ) Map Money i B IE 4

M, owner, max_block fl funded #UEGEMLASMZARTY, B LAEATHRIA%ARICH Not money.,

B TR RHARYE S BN 7 BAE (7291 transition 11 procedure Hr A SLXT HAEATARIC, WSREERARZES
BHIAFE, W& TR ER A B & A

3.8 MEREERREEO

Scilla FPRERFHLE T~ AR 11, 0 RS O P 0 AT wransiion 3 26145t . MO RARIGRO A
BT wansition 472k — 1A, DAJCR REA AT L.

3.8.1 JAAEO
TEA 2T 8 LI transaction W] DAGEL A ATE45, o M HAM & 203 508 B 9l v o R 0 A% FE 422 10 R
SR 3 1 AR B A 2RI T B A 2

RS (scilla-runner) HIHA YA JSON SCPFALN, AR Brid. EEUCR ARG R AT transition
HRLAHR ALY A ISON Hi A -

./scilla-runner -init init.json -istate input_state.]json —-iblockchain input_

—blockchain.json —-imessage input_message.json -o output.json -i input.scilla

it T % T ARAT SCHE T LAGB AT AT 5 2 (SRR A CreateContract) (il & 25 iy transition
(InvokeContract) o MRIEIXMWH P EAEAM—A, HARFPEIELIE FORFAE. TR TIEX PR F
DL WiZ B B8 5. CreateContract 5 InvokeContract HJXHIFETF input_message.json Fll
input_state.json IfFTE. WERXEESHALTE, AMBER SR CreateContract, M,
ELRHM N InvokeContract. i, AT CreateContract, MREGHUIITEAKAE, BIALKGZY
AT SHE init . Json PLECPA KA 25 SOR T TR R -

EEI)EL
A Wik CreateContract | InvokeContract
init.json el A& AZE | Yes Yes
input_state.json A ARG PR ES No Yes
input_blockchain. json | KEEEIRS Yes Yes
input_message.json transition f1Z4k | No Yes
output.json T Yes Yes
input.scilla BAEY) Yes Yes
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BT LR G oAT SR AN, R IE T E IR —gaslinit X S (P X2 — N IEBEUE) -
R G B AR A (BLERRERE) . MM —1ibdir PRI, PAHSRIIZR (HRifE PATH 4%30)
YEAZHL, 16 BRI H SR R

3.8.2 MIBMLATERE

init.Jjson RE T HAMATESENME. ENXAER M Z A, JSON 22— AT 7B R &L
4

FE iR

vname | NA[AEELSHN 4 FR
type | AAAEGASEINET
value | NAIASAASHINE

init.json MAHRERAN Uint32 ) _scilla_version, & —M5ELPEHRERNEMIFME. It
Sb, XPHFER RN R AN SE _this_address, —NFRAHAGHILM Bystr20 fH, F—4
BNum {f _creation_block, FIRVARIFIBIERIE AR, TEMH B Reasns, RTREFR 2 A O
init.json PFHRLIXL(E .,

511

T4 ) HelloWorld. scilla AR B, HIMTEA—NALSE owner.,

contract HelloWorld
(* Immutable parameters *)

(owner: ByStr20)

ARG init . Json FFUITRFrR:

[

"vname" : " _scilla_version",
"type" : "Uint32",
"value" : "O"
by
{
"vname" : "owner",
"type" : "ByStr20",
"value" : "0x1234567890123456789012345678901234567890"
by
{
"vname" : "_this_address",

(Rt
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lltype "
"value"

"vname"

lltype "
"value"

"ByStr20",
"Oxabfeccdc9012345678901234567890£777567890"

" _creation_block",
"BNum" ,

mwqn

i 2

ST %A K Crowdfunding. scilla AR, HNTAZNATAESE owner . max_block fll goal,

contract Crowdfunding

(* Immutable parameters *)

(owner

max_block

goal

ByStr20,
BNum,
UInt128)

BAARARB init . Json FFUIFFrR:

{

"vname" "_scilla_version",

"type" "Uint32",

"value" "o"
H
{

"vname" "owner",

"type" "ByStr20",

"value" "0x1234567890123456789012345678901234567890"
by
{

"vname" "max_block",

"type" "BNum"

"value" "199"
by
{

"vname" "_this_address",

"type" "ByStrz0",

"value" "Oxabfeccdc9012345678901234567890£777567890"
by

(NITakse)
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{
"vname"
"type"
"value"
by
{
"vname"
"type"
"value"
}

"goal",
"Uint128",
"500000000000000"

"_creation_block",
" BNum" ,

mqn

Bl 3: {ERhIEAE

BYU— AN DRI R T AR SR, 262 By str20 WU TR IS AL
XtT simpleExchange, ATH—ARIESE, ERAHMRA:

contract SimpleExchange

(

initial_admin

: ByStr20 with end

initial admin %M ISON 4 H 4 2T ByStr20 i RE%M ByStr20 with end, FMHIME
AR init . Json AIFEAR FIR:

{
"vname" "_scilla_version",
"type" "Uint32",
"value" "o
by
{
"vname" " _this_address",
"type" "ByStr20",
"value" "Oxabfeccdc9012345678901234567890£777567890"
by
{
"vname" "_creation_block",
"type" "BNum",
"value" "
by
{
(Qi¥iE3)
3.8. MERsSED 109




scilla 373044, A% 0.7.1

(£ LT
"vname" : "initial_admin",
"type" : "ByStr20",
"value" : "0x1234567890123456789012345678901234567890"

3.8.3 MAXREFERE

input_blockchain. json ff 4 H REERRESLHARES . E5 init. json KM, AFRZAAETER
—ANEERPIXTGEE, AR AR ATERS OO T SRR RIS R ) # vname F B

feiF JSON ‘B HEl, #8 T AZR0ME— X HuE(E 2 24§ BLOCKNUMBER,

[

"vname" : "BLOCKNUMBER",
lltype" . n BNumH ,
"wvalue" : "3265"

3.8.4 HAHR

input_message.json W& transition IrFFMIMEE . XA json & — AN DA PTG A -

FE ik

_tag FLIE i) transition

_amount | ZFEFLIY) QA Hit

_sender | WAIFEHHE (TEsEXT b, xR EEHANE)
_origin | KRG HHbAL

params | ZHOZEAH

BTG PUASF- B il . A2k transition AL S%0, W params AT PARHZS.
params FAHM I LT init. json MRS, BASEHG € AL 1B 25 IEAEVR B9 transition [

(vname, type. value),
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i1

STTPAF transition:

transition SayHello ()

THEH T— /" input_message.json:

"_tag" : "SayHello",
"_amount no. o onQmn ,
" _sender" : "0x1234567890123456789012345678901234567890",
"_origin" : "0x1234567890123456789012345678901234567890",
"params" : []

}

Bl 2

X}FPAF transition

transition TransferFrom (from : ByStr20, to : ByStr20, tokens

Uint128)

THAEH T—4/"fH] input_message.json:

"_tag" : "TransferFrom",
"_amount" : "O",
"_sender" : "0x64345678901234567890123456789012345678cd",
"_origin" : "0x64345678901234567890123456789012345678cd",
"params" : |
{
"vname" : "from",
"type" : "BysStr20",
"value" : "0x1234567890123456789012345678901234567890"
by
{
"vname" : "to",
"type" : "ByStr20",
"value" : "0x78345678901234567890123456789012345678cd"
by
{
"vname" : "tokens",
"type" : "Uintl128",
"value" : "500000000000000"
(R igksn)
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B13: ERAFPBENHEE

HEff: T Scilla SEH AR AYEER, AT RYE U Scilla iR 0.10.0 JHRA %L, (1] 0.10.0 Z HiHY) Scilla /i
A 5 R E BU R BRI & L AEDRT g B MRS, PO BN ARSI T 0.10.0 L3R A .

M R AR AL ) SR ELR , json Z544 5 TR G iR AR . (B2, ERed 0T,
P A 2B e e A FRE Y, o LR

o MFFAEHBHE A SRF MBI hE UM P A E SR T, e REATRE AT,
o WFFAEHBHE A TR AR e SCRY T P A SO R C, SEeRE AR AL C.

g T LI R, BN E SOOI U2, A X R4 . Wil R G297 S F
F.scilla W@ X T AMIGEREL C MRAL T, WZRBM e aRE AN F. T, M3 e 0 o6 & IR 44 1
N F.C,

Ban, % E— LI R RN A Y. GO E X —1JH Direction Fl—-> transition
MoveAction, IF:

type Direction =
| East

| South
| West

| North

transition MoveAction (dir : Direction, spaces : Uint32)

WG E A I 0x1234567890123456789012345678906784567890, H [ i HHESH East
F1 2 f¥) transition, W FE{H KRB HR 0x1234567890123456789012345678906784567890.Direction
FIFET B, JSON Jr e iE 4 FR 0x1234567890123456789012345678906784567890.East:

{

"_tag": "MoveAction",

(Rt
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"_amount": "O0",
"_sender" : "0x64345678901234567890123456789012345678cd",
"_origin" : "0x64345678901234567890123456789012345678cd",
"params": [
{
"vname" : "dir",
"type" : "0x1234567890123456789012345678906784567890.Direction",
"value"
{
"constructor" : "0x1234567890123456789012345678906784567890.East",
"argtypes" [,
"arguments" HE
}
I
{
"wvname" : "spaces",
"type" : "Uint32",
"value" : "2"
}
]
}

ARG L EAT 7 BRI A AL T B, MBI RIKHT init . Json HRYSEEHRE A FRPIIALIX
LR
Bl 4: {ERMHEAER

bbb (), DA A Bystr20, ANAEFETH B P AL A (Bystr20 with ... end).
XM X T8 T ORI transition

transition ListToken (

token_code : String,

new_token : ByStr20 with contract field allowances : Map ByStr20 (Map ByStr20._
—Uint128) end

)

JITiA input_message. json W A Bystr20 fEH new_token %, fillN, W FnR:

"_tag" : "ListToken",

"_amount" : "0",

"_sender" : "0x64345678901234567890123456789012345678cd",
"_origin" : "0x64345678901234567890123456789012345678cd",

@3
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"params" : [
{
"vname" : "token_code",
"type" : "String",
"value" : "XYz"
by
{
"vname" : "new_token",
"type" : "ByStr20",
"value" : "0x78345678901234567890123456789012345678cd"

3.8.5 fERERRMItH

SRR e a2 [l — Nl PATR 7B JSON X4 (output . json):

FE itk

scilla_major_version | AEZH Scilla iEE W FEMAS .
gas_remaining T EEE G2 ERR T gas.

_accepted EAR QA BHEHHEZ ("true" o "false")
message BRIEFN G —DEAEAEELAREEE (WREA).
states TE BT & 2R S84

events i transition 5% HH Y procedure % H I EE4-45 40

* message 2— 15 input_message.json #EUA) ISON X%, BT EHR— _recipient F
B2 _sender FEt. JHEHHYFEANT:

FE ik

_tag FLE /Y transition
_amount BEEFLI QA Bt
_recipient | BE bk

params PESEHIUE 2100 S Eil

params ML AFELT init. Json WHIETT, BNSEERELILIEL ALY transi-

tion 1) (vname. type. value).
« states B EREA, TR ELM AR RS A 4 HiR 82 T (vname . type.value),

* events g PXREA, FIR transition KM AYEME. TR PR RIYTEANT :
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FE g
_eventname | FH{LFR
params WP AT Bl

params AWML NELT init. json WD, BNSEETE I EFMFF BN (vnane,
type. value),

i1

NHIZH T Crowdfunding. scilla RN R B AR BIEER T A AR HBRGTAR .

{
"scilla_major_version": "O",
"gas_remaining": "7365",
"_accepted": "false",
"message": {
"_tag": "",
"_amount": "100000000000000",
"_recipient": "0x12345678901234567890123456789012345678ab",
"params": []
by
"states": |
{ "vname": " _balance", "type": "Uintl128", "walue": "300000000000000"™ 1},
{
"vname": "backers",
"type": "Map (ByStr20) (Uint128)",
"value": [
{ "key": "0x12345678901234567890123456789012345678cd", "wal": "200000000000000
="}y
{ "key": "0x123456789012345678901234567890123456abcd", "wal": "100000000000000
—" }
]
by
{
"vname": "funded",
"type": "Bool",
"value": { "constructor": "False", "argtypes": [], "arguments": [] }
}
1,
"events": [
{
" _eventname": "ClaimBackSuccess",
"params": [

(FItgkss)
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{

"vname": "caller",

"type": "ByStr20",

"value": "0x12345678901234567890123456789012345678ab"
I
{ "vname": "amount", "type": "Uint128", "value": "100000000000000" },
{ "vname": "code", "type": "Int32", "value": "9" }

1 2

X ADT BB ME, value FERES =AFFE:
e constructor: HTHITE(E NI E R ER 2 F5R

* argtypes: REUSLHIREAL. XT List Ml Option JEM, X MEALRF SRR, 7 HHERIIE
TR BT EA A X T Pair B8, BRI EMAER, FIRIZIAR) pair HHIPIME. X
T AR Bn e, B R =5 .

» arguments: X REITISEL

PATR /RIS T QAR H json HIR List Ml Option RAUME:

"scilla_major_version": "O",
"gas_remaining": "7733",
"_accepted": "false",

"message": null,

"states": |
{ "vname": "_balance", "type": "Uint128", "wvalue": "0" 1},
{
"vname": "gpair",
"type": "Pair (List (Int64)) (Option (Bool))",
"value": {
"constructor": "Pair",
"argtypes": [ "List (Inte64)", "Option (Bool)" 17,
"arguments": [
(1,
{ "constructor": "None", "argtypes": [ "Bool" ], "arguments": [] }
]
}

(F ks
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by
{ "vname": "llist", "type": "List (List (Inte4))", "value": [] },
{ "vname": "plist", "type": "List (Option (Int32))", "value": [] },
{
"vname": "gnat",
"type": "Nat",
"value": { "constructor": "Zero", "argtypes": [], "arguments": [] }
by
{
"vname": "gmap",
"type": "Map (ByStr20) (Pair (Int32) (Int32))",
"value": |
{
"key": "0x12345678901234567890123456789012345678ab",
"val": {
"constructor": "Pair",
"argtypes": [ "Int32", "Int32" ],
"arguments": [ "1", "2" ]
}
}
]
}
1,
"events": []

3.8.6 HATTESLURE

input_state. json A ETARRSL RIS HE. B 5 output. json ) states FEHAMFEIMIER.
FHAH T Crowdfunding.scilla [{ input_state.json /Rfil.

"vname": "backers",

"type": "Map (ByStr20) (Uint128)",

"value": |
{
"key": "0x12345678901234567890123456789012345678cd",
"val": "200000000000000"
Hy
{
"key": "0x12345678901234567890123456789012345678ab",
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"val": "100000000000000"
}
]
by
{
"vname": "funded",
"type": "Bool",
"value": {
"constructor": "False",
"argtypes": [],
"arguments": []
}
by
{
"vname": "_balance",
"type": "Uint128",
"value": "300000000000000"
}

3.9 Bx&R¥#AN

HEEA?T WG A Discord 53AT—EHT .
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