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Introduction

e Similar Languages: Scilla, Pact
e Uniqueness: State Transitions
e Inspiration: DeepSEA

e Smart Contract: Simplestorage, Auction, Token
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Syntax Analysis

e Ocamlyacc

e CFG with attached semantic actions

e AST

o op, type, expression, declaration,

program

interface implementation
| A
list_of decls consturctor method
| |
constructor methods
|
method




OpenSC example

SimpleStorage:

Signature, constructor, methods

signature SimpleStorage {
storage storedData : int;

constructor ¢ : (void) -> void;
method get : () —> int;
method set : (int) -> void;

}

constructor ¢ (){
storage
returns void;

}

method get(){
guard{}

storage{}
effects{}
returns storedData;

)

method set(x: int) {
guard{
X > 0;
+
storage{
storedData |—> x;
b
effects{}
returns voidlit;




Semantic Analysis

Goal:

ast ==

pe expr =

NumLit int

BoolLit bool

StrLit string

Id string

EnvLit string * string
Mapexpr expr expr list
Binop expr * op * expr
Logexpr expr * expr list

Storageassign expr * expr
Comparsion expr * op * expr
Voidlit string

sast

varscope =
| Sglobal |
| Slocal

sexpr = typ * sx

SX =

| SNumLit int
| SBoollLit bool
| SstrLit string
SId varscope * string

SEnvLit string * string
SMapexpr sexpr sexpr list

| SBinop sexpr op sexpr

| SLogexpr sexpr sexpr list

| SStorageassign sexpr * sexpr

| SComparsion sexpr * op sexpr
SVoidlit string




Semantic Analysis

® expr
o  assign data type to expr based on each operation
o check whether variable id in the symbol table; assign scope attribute
o verify variable data types of binary operator, compare and assign expr
o match map and event input data types with global variable declaration
o match expr of method return with it return type

e constructor:
o one and only one constructor in interface and implementation

e method:
o match arguments data type with method declaration in interface
o construct local symbol table



Semantic Analysis

Correct Wrong

/- wrong -/
signature SimpleStorage {
storage storedData : UlInt;

/- correct -/
signature SimpleStorage f{

storage storedData : UInt;
constructor c : UInt - void; 1/ constructor ¢ : UInt -~ void; X
method set : (UInt) -> wvoid; constructor c2 : UlInt - - void;
} method set : (UInt) -~ void;
}
/- method set (int, UInt) -> int; -/ /- method set : (int, UInt) -> int; -/
/- correct -/ /- wrong -/
method set (x: int, y: UInt) { method set (x: int, y: UInt) f{
guard/{ } guard{ }
storage{} 1/ storage{ | )(
effects{} effects{])
returns x; returns y;
} }
/- map balances : (Address) > UInt; -/
/- map balances : (Address) => UInt; -/ /- a : Address -/
/— a : Address -/ 1/ /= wrong -/
balances|[ ] )(

/- correct -/

balances(a] /= b : int -/

balances|[b]



Translate to MiniC

What is minic ?

o

©]

o

The “IR”
Backend is ready
Just in AST format

DeepSEA

Edsger

Your Language

MiniC

CompCert

Your Compiler

»

x86

Alternative Backend

EVM




Translate to MiniC

Goal:

sast == > Minic AST

varscope = e expr =

| Sglobal | Econst_int of Int.int * cog_type

| Slocal Econst_int256 of Int256.int * coq_type
Evar of ident * coqg_type

sexpr = typ * sx

| sx = Etempvar of ident * coqg_type
SNumLit int Ederef of expr * coq_type
SBoolLit bool Eunop of unary_operation x expr * coq_type
SstriLit string Ebinop of binary_operation *x expr x expr x coq_type

S S 2 RS AR Efield of expr *x ident * coq_type

SEnvLit string string Earrayderef of expr *x expr * coq_type

SMapexpr sexpr * sexpr list of * coq_type
SBinop sexpr * op sexpr of ilti * cog_type
SLogexpr sexpr * sexpr list Ecalll of builtinl * expr * coq_type
SStorageassign SeXpr * sexpr

SComparsion sexpr * op * sexpr

SVoidlit string




Translate to MiniC

e How to translate ?

gen_ctype

gen_binop

O

gen_unop | —>»

Hierarchically

gen_lexpr

gen_rexpr | —>

gen_object_fields

make_methname

gen_object

Y

minicgen

N

ret_type -
__________________________________________ : gen_object_methods
gen_guard_stmt » gen_guard_cmd gen_params » gen_methoddef
gen_assign_stmt »gen_storage_cmd » body

gen_return_cmd




Translate to MiniC

e More Details of translation
o ABIl-compatible method id



Demo



Future Work

e Constructor

e FEventand log

e Multi-key Mapping
e Multiple objects

e Control flow statement (if, for statement) “

o  Guard body is now translated into ‘if statement’



Acknowledgement

® Thanks to Professor Ronghui Gu, the instructor of our course, who brought us to the PLT world and let us realize the
charm of functional programming and formal verification, both of which are what our project is based on.

® Thanks to Vilhelm Sjoberg, our project advisor, researcher at Yale and the primary creator of the DeepSEA project,

who provided us with great information on everything about the DeepSEA project, and answered our many
questions, which has been super helpful.

® Thanks to River Dillon Keefer and Amanda Liu, TAs of our course, who introduced the DeepSEA project to us and
provided very inspiring and helpful ideas on the OpenSC language syntax among other project details.



Thank You!



