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Context
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FORCES project

Incremental C/C++ to Rust transpilation project

● Preserving readability
● Ensuring maintainability

https://antonio.paolillo.be/publications/workshops/icra25_r4r_forces_paper.pdf 3

https://antonio.paolillo.be/publications/workshops/icra25_r4r_forces_paper.pdf


No solution exists
C2Rust [1]

Convert C to Rust

Convert C++ to Rust

Generate safe Rust code

Preserve comments

Preserve macros

Generate Rust-like code

Actively maintained

Corrode [2] CRust [3]

[1] https://c2rust.com  [2] https://github.com/jameysharp/corrode  [3] https://github.com/NishanthSpShetty/crust
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https://c2rust.com/manual/docs/known-limitations.html
https://github.com/jameysharp/corrode
https://github.com/NishanthSpShetty/crust


Problem definition
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C Preprocessor

● Expansion occurs before compilation

● Preprocessor constructs are not part of C

ExecutableC source code

Preprocessing Compilation Linking

Preprocessor must be invoked to produce valid C code
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Why not just expanding them?

void skipws(ZFILE *fp) {

 int c;

 while (c=Zgetc(fp),isascii(c)&&isspace(c));

 Zungetc(c,fp);

}

void skipws(ZFILE *fp)

{

 int c;

 while (c = ((--((fp)->len) >= 0) ?

         (unsigned char)(*(fp)->ptr++) :

         _Zgetc(fp)),

        (((c) &

          ~0x7f) == 0) &&

            ((*__ctype_b_loc())[(int)((

                 c))] &

             (unsigned short int)_ISspace));

 ((fp)->ptr--, (fp)->len++, (c));

}
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Macro contracting

● Turning expanded macros back into invocations

#define LB {

#define RB }

#define PARENS ()

#define SEMI ;

#define DOUBLE(x) (x * 2)

int main PARENS LB

  return DOUBLE(2) SEMI

RB

● Not always possible

macro_rules! DOUBLE {

   ($x: expr) => {

       $x * 2

   };

}

fn c_main() -> i32 {

   return DOUBLE!(2);

}

?
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Keep expression like macros

● Capture the majority of macro definitions
○ ~70% of FIGlet macros

● Generally have an analogue in Rust

● Reduced scope
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C macros are text

No notion of C syntax Unhygienic No typing info

Retain only expressions

Unhygienic No notion of C syntax 
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Unhygienic C macros

#define STRCPY(x,y) strcpy((x),(y))

char* strcpy(char*, char*);

int main() {
   char a[] = "Hello";
   char b[] = "abc";

   STRCPY(a, b);
}

char* strcpy(char*, char*);

int main() {
   char a[] = "Hello";
   char b[] = "abc";

   strcpy((a), (b));
}

#define STRCPY(x,y) strcpy((x),(y))

char* strcpy(char*, char*);

int main() {
   int (*strcpy)(char*,char*) = otherfunc;

   char a[] = "Hello";
   char b[] = "abc";

   STRCPY(a, b);
}

char* strcpy(char*, char*);

int main() {
   int (*strcpy)(char*,char*) = otherfunc;

   char a[] = "Hello";
   char b[] = "abc";

   strcpy((a), (b));
}

Solution

Check for shadowing of identifiers 
defined at macro definition
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C macros are text

Unhygienic No typing infoNo notion of C syntax 
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Intermezzo: implicit type conversions

int main() {

   int a = 2;

   short b = a;

   return b;

}

int main() {

   int a = 2;

   short b = (short) a;

   return b;

}

int main() {

   int a = 2;

   short b = 3

   return a + b;

}

int main() {

   int a = 2;

   short b = 3

   return a + (int) b;

}

… 

C11 (ISO/IEC 9899) — Section 6.3 Conversions

Implicitly

Implicitly
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Intermezzo: implicit type conversions

● Easily solved in regular code

int main() {

   int a = 2;

   short b = 3;

   return a + b;

}

fn c_main() -> i32 {

   let a: i32 = 2;

   let b: i16 = 3;

   return a + b;

}

Mismatched typesfn c_main() -> i32 {

   let a: i32 = 2;

   let b: i16 = 3;

   return a + b as i32;

}

C Rust
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Arithmetic conversions

#define ADD(x, y) ((x) + (y))

int main() {
   int a = 2;
   short b = 3;
  
   return ADD(a, b);
}

macro_rules! ADD {

   ($x:expr, $y:expr) => {

       $x + $y

   };

}

fn c_main() -> i32 {

   let a: i32 = 2;

   let b: i16 = 3;

   return ADD!(a, b);

}
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Macro typing issues

● Arithmetic conversions

● Pointer arithmetic

● Array to pointer decay

● Assignment conversions

● Integer promotions

● …

Helper traits*

Passing in type parameters

* Different from paper where type parameters were used for arithmetic operations
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Generate helper traits

pub trait CAdd<R> {   

   type Output;

   unsafe fn c_add(&mut self, rhs: &mut R) -> Self::Output;

}

impl CAdd::<i16> for i32 {

   type Output = i32;

   unsafe fn c_add(&mut self, rhs: &mut i32) -> i32 {

       ((*self) as i32) + ((*rhs) as i32)

   }

}

macro_rules! ADD {

   ($x:expr, $y:expr) => {

       ($x).c_add($y)

   };

}

fn c_main() -> i32 {

   let a: i32 = 2;

   let b: i16 = 3;

   return ADD!(a, b);

}

For all addable types
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Assignment conversions

#define ASSIGN(x, y) (x) = (y)

void main() {

   int a = 2;

   short b = 3;

   ASSIGN(a, b);

}

macro_rules! ASSIGN {

   ($x:expr, $y:expr) => {

       $x = $y

   };

}

fn c_main() {

   let mut a: i32 = 2;

   let b: i16 = 3;

   ASSIGN!(a, b);

}

Mismatched types
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Pass in types

#define ASSIGN(x, y) (x) = (y)

void main() {

   int a = 2;

   short b = 3;

   ASSIGN(a, b);

}

macro_rules! ASSIGN {

   ($x:expr, $y:expr, $ty_0: ty) => {

       $x = $y as $ty_0

   };

}

fn c_main() {

   let mut a: i32 = 2;

   let b: i16 = 3;

   ASSIGN!(a, b, i32);

}
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Tying everything together
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Transpiling FIGlet

● ASCII text generator

● All but one file transpiled

● 64/85 macros retained

  ___       _     _ _         _ 
 / _ \__  _(_) __| (_)_______| |
| | | \ \/ / |/ _` | |_  / _ \ |
| |_| |>  <| | (_| | |/ /  __/_|
 \___//_/\_\_|\__,_|_/___\___(_)
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Example from earlier

void skipws(ZFILE *fp) {

 int c;

 while (c=Zgetc(fp),isascii(c)&&isspace(c));

 Zungetc(c,fp);

}
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Example from earlier

pub unsafe extern "C" fn skipws(mut fp: *mut ZFILE) -> () {

   let mut c: i32 = (0 as i32);

   while ({

       c = (Zgetc!(fp, *mut ZFILE, i32, i32, *mut ZFILE, *mut u8, *mut ZFILE, i32, i32, u32) as i32);

       (((isascii!(c, i32, i32, i32, i32, i32) != 0)

           && (isspace!(c, *mut *const u16, *const u16, u32, u32) != 0)) as i32)

   } != 0) {}

   Zungetc!(c, fp, *mut ZFILE, *mut ZFILE);

}

pub unsafe extern "C" fn skipws(mut fp: *mut ZFILE) -> () {

   let mut c: i32 = (0 as i32);

   while ({

       c = (Zgetc!(fp, *mut ZFILE, i32, i32, *mut ZFILE, *mut u8, *mut ZFILE, i32, i32, u32) as i32);

       (((isascii!(c, i32, i32, i32, i32, i32) != 0)

           && (isspace!(c, *mut *const u16, *const u16, u32, u32) != 0)) as i32)

   } != 0) {}

   Zungetc!(c, fp, *mut ZFILE, *mut ZFILE);

}
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Future cleanup

pub unsafe extern "C" fn skipws(mut fp: *mut ZFILE) -> () {

   let mut c: i32 = (0 as i32);

   while ({c = (Zgetc!(fp) as i32); (isascii!(c) != 0 && isspace!(c) != 0) as i32} != 0) {}

   Zungetc!(c, fp);

}
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There is more…

Grab all macro 
definitions and 

expansions

Parse definitions, 
find references to 

other macros

Create macro 
dependency 
graph (MDP)

Traverse 
depth first

Provided by libclang

#define THREE 3
#define PLUS +
#define BAZ THREE
#define FOO(a) a PLUS BAZ

int main() {
   return FOO(2);
}

FOO

BAZPLUS

THREE

a + BAZ

+

3

THREE

INVOKE

INVOKE

INVOKE

EXPAND

Parse C to IR 
and contract 
expansions

Go through 
expansions

Expand 
marked 
macros

Store all 
“outside” 

references
Unknown 

references results in 
expand mark

Check for 
overshadowed 

references

Remove 
unreferenced 

macros 
definitionsTyping 

passes…
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Demo
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Backup slides
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C2Rust skipws example
pub unsafe extern "C" fn skipws(mut fp: *mut ZFILE) {
   let mut c: std::ffi::c_int = 0;
   loop {
       (*fp).len -= 1;
       c = (if (*fp).len >= 0 as std::ffi::c_int {
           let fresh6 = (*fp).ptr;
           (*fp).ptr = ((*fp).ptr).offset(1);
           *fresh6 as std::ffi::c_int
       } else {
           _Zgetc(fp)
       });
       if !(c & !(0x7f as std::ffi::c_int) == 0 as std::ffi::c_int
           && *(*__ctype_b_loc()).offset(c as isize) as std::ffi::c_int
               & _ISspace as std::ffi::c_int as std::ffi::c_ushort as std::ffi::c_int
               != 0)
       {
           break;
       }
   }
   (*fp).ptr = ((*fp).ptr).offset(-1);
   (*fp).ptr;
   (*fp).len += 1;
   (*fp).len;
} 29



Why no assign trait?

trait Foo<T> {

   fn assign(&mut self, other: T) -> ();

}

impl<A, B> Foo<B> for A {

   fn assign(&mut self, other: B) -> () {

       *self = other as A;

   }

}

fn main() {

   let mut x: i32 = 34;

   let y: i16 = 2;

   x.assign(y);

   println!("{x}");

}

Non primitive cast
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● Small C program

● Knew it well

● Output easily verifiable

Why figlet?
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Macro study results

Filename Transpiled Total

utf8.c 0 0

chkfont.c 4 4

figlet.c 31 31

inflate.c 10 19

zipio.c 11 20

getopt.c 3 4

crc.c 0 1

* Numbers differ from paper due to transpiler upgrades
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Macro study DOOM

405/493 macros transpiled (~88%)
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Example (no casting)

macro_rules! Zungetc {($c: expr ,$f: expr) => {{

{$f.c_deref().ptr.c_post_dec(); $f.c_deref().len. c_post_inc()}; $c} 

}}

#define Zungetc(c,f) ((f)->ptr--, (f)->len++, (c))

Zungetc!(dummy , fp);Zungetc(dummy,fp);

C Rust
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One more problem

● Certain casts are not allowed in Rust

● Non-primitive conversions

fn c_main() {

   let mut x: [i32; 3] = [1, 2, 3];

   let y = x as *mut i16;

}

Non primitive cast

fn c_main() {

   let mut x: [i32; 3] = [1, 2, 3];

   let y = x.as_ptr() as *mut i16;

}
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Broken assign example

macro_rules! ASSIGN {

   ($x:expr, $y:expr, $ty_0: ty) => {

       $x = $y as $ty_0

   };

}

fn c_main() {

   let mut a: *mut i16;

   let b: [i32; 3] = [1, 2, 3];

   ASSIGN!(a, b, *mut i16);

}

Non primitive cast
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Special cast macro

● Use specialized helper macro to cast

● Multiple cast “modes”

macro_rules! rust_cast {

   ($lhs: expr, $rhs: ty, regular) => {

       $lhs as $rhs

   };

   ($lhs: expr, $rhs: ty, array_to_pointer) => {

       $lhs.as_ptr() as $rhs

   };

   // ...

}
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Fixed assign example

macro_rules! ASSIGN {

   ($x:expr, $y:expr, $ty_0: ty, $cast_ty: ident) => {

       $x = rust_cast!($y, $ty_0, $cast_ty)

   };

}

fn c_main() {

   let mut a: *mut i16;

   let b: [i32; 3] = [1, 2, 3];

   ASSIGN!(a, b, *mut i16, array_to_pointer);

}
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C Preprocessor

● Uses preprocessor constructs 

to extend C

● Macros are one of these 

constructs

#include <stdio.h>

#define FOO 123

#define PRINT(str) printf(str)

int main() {

   PRINT("Hello, World!\n");

   return FOO;

}

#include <stdio.h>

#define FOO 123

#define PRINT(str) printf(str)

int main() {

   PRINT("Hello, World!\n");

   return FOO;

}
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Current structure of the transpiler

C source 
code

Rust 
source 
code

Translator

IR 
Transformations

Rust 
transformations

C 
Transformations

Rust AST 
generator

Rust AST 
trasformations

● Dead code analysis
● Macro contracting translator
● Macro shadowing solver
● Macro recursion solver
● Macro typing solver
● …

● Implicit typing pass
● Pointer arithmetic pass
● Decaying array pass
● Default initialize top levels
● Typedef naming problem
● Translate post/pre inc/dec
● …

Middleware Backend

Frontend
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Backup demo video
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https://docs.google.com/file/d/1NitXWRT5XowMBAwIkA26PNR2ultaG46f/preview

