The added value of CompCert lies not in the compilation
technology implemented, but in the fact that each of the
source, intermediate and target languages has formally defined
semantics, and that each of the transformation and

optimization passes is proved to preserve semantics...!

1Xavier Leroy - Formal Verification of a realistic compiler (2009)
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Register Model m

Model
DO
D1
D2 Vrov:ors[r«+v](r)=v.
D3
-
D14 Vo' ove o r £ = rs[r « v](r) = rs(r).
D15
Addressable:
DO, D1,...,D15
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Register Reality m

Arm
S0
DO
{ 51
D1 Vrov:ors[r<v](r)=v.
S3
-
530 4 N 4 4 =
D15 Vror' v r#r = rs[r' < v](r) =rs(r).
531
Addressable:
50,51,...,531
DO,D1,...,D15
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Register Reality m

Arm
S0
DO
S1
D1 Vrov:ors[r<v](r)=v.
S3
530 'y _
D15 Vr,r'v: = rs[r rs(r).
531
Addressable:
50,51,...,531
DO,D1,...,D15
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Correct Compiler 7 - The whole picture
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Consequences m

double sum(single a, double b, single c){

1
2 double d = (double) (a + c);
3 return d + b;
4}
5
6 int main(){
7 sum (0.f, 1.0, 2.f);
8 return 0;
9 }
( a
DO ¢
| c
| b
D11 o
| bni
1 s30
D15+
| s31
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Consequences

double sum(single a, double b, single c){
vmov.£32 S4, Si1

1 1
2 double d = (double) (a + c); 2
3 return d + b; 3
4} 4 vadd.f32 SO, SO, S4
5 5 vevt.£64.£32 DO, SO
6 int main(){ 6 vadd.f64 DO, DO, D1
7 sum (0.f, 1.0, 2.f); 7
8 return 0; 8
9 } 9 oo
10 vmov.£32 SO, #O0.
( a 1l vmov.f64 D1, #1.
D0<‘ c 12 vmov.£32 S4, #2.
‘ b1 13 vmov.£32 S1, S4
D1+ 14 bl sum
[ b Is  mov RO, #0
: 16
1 s30
D15+
| ss31




sumay |1V

e Formally verified compiler

® Proof covers all optimizations
® Correct w.r.t. the modeled semantics

® Discrepancies between hardware and model

® Cannot implement correct calling conventions
® Cannot support TriCore architecture

® Suboptimal code generation

® Inserted moves
® Higher register pressure
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CompCert's Machine Model m
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Machine Model

Memory Values ’

- - > CompCertC}|- -

| o |

Locations

- o]
A
- > RTL —>m4>[Linear Mach]i cee

4
Arm Asm}' -

Frontend

Backend
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(New) Register Model m

Arm
(51,50) >0
S1
(53,52) 52 Vp,v: rs[p<v](p)=v.
S3
-
(531,530) { — >0 Vp,p,v: pnp' =0= rs[p’ < v](p) = rs(p).
’ 531
Addressable:
50,51,...,831

(51,50),...,(S31,530)
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(New) Register Model

Arm
(51,50){ >0
S1
(53,52){ 52
S3
-
(531,530) 530 Vp,p'sv: pnp' =0=rs[p’ < v](p) = rs(p).
’ S31
Addressable:
50,51,...,531

(51,50),...,(S31,530)
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(New) Register Model

Arm

(51,50){ >0
S1

(53,52){ 52
S3
(531,530){ =30
S31
Addressable:
50,51,...,831

Combining & Splitting

R((r1,r2)) % combine(R(r1),R(r2)), and

R[(r1,r2) « v] % R[r1 « hiwd(v)][r2 < Lowd(v)].

(51,50),...,(S31,530)
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CompCert's Machine Model m

Memory Values

Machine Model

- -»|CompCertC}|- -

| o

Locations
— er=)
N

- >» RTL——>| LTL »[Linear

[Mach
4
g
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Frontend Backend
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CompCert's Machine Model m

o ‘ Memory Values

e

(e}

=

2 %

=

(9} 1

5} ' 9

s ' Locations
: Reg. Alloc3
1 A

o+ => CompCertCf- -:-->lRTL LTL]»[Linear [Mach S
' Alloc. Validation?

Frontend Backend

2Rideau S., and Leroy X. Validating register allocation and spilling. (2010)
3Smith M.D., et al. A generalized algorithm for graph-coloring reg. alloc. (2004)
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RTiore IV

RTL Transition

c(pc) = [opgri(op,X,y,pc’)]  eval_op(_,_,op,M(X)) = |v]
S, M, )ES(, ., pd My V], )

LTL Transition

eval_op(_,_,op,L(p)) = |v]
_ = B(_7_7_70pLTL(opbﬁtq) = bb7 L7_) g B(_a_v_,bbaL[q — V]a_)
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Allocation Validation m

’ mov (S1,50) (S3,52) ‘

f((x1, x2), x0)

’ mov (83,52) (S5,S4) ‘

| o ] nop |

{Xl ~7 S0,x1 &~y S1,x2 = S2,x2 ~yy S3}

] X0 = x1 + x2 \ 77777777777 { (S1,50) = (51,80) + (ss,sz)\

{XO ~; S0,x0 =~y Sl}

’ return x0 ‘ *********** { return ‘
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CompCert's Machine Model m

‘ Memory Values ’

| o |

Locations
T
I I a
-->» RTL —>m4>[Linear Mach]i cee

4
Arm Asm}' -

Machine Model

- - > CompCertC}|- -

Frontend Backend
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Results - Compile Time (Arm hard float)

100% [ A M Me Ce E T TE i o on ol o
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1 CompCert 1CompCert? =T Reg. Alloc. E==3JAlloc. Validation
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Results - Code Size m

‘ vpr ‘ mesa ‘ fuzzl ‘ fuzz2 ‘ fuzz3
arm_hard | -0.83% | -1.77%
arm_soft | -0.2% |-0.71% | -0.2% | +0.19% | +0.27%
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Contributions m

Improved model of the Arm assembly semantics

Proved all architectures correct w.o. changing their semantics

New and more general register allocator

Enable future support for TriCore architecture

Small positive impact on code generation
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Questions? |1

@ Background on CompCert

@ Register Model & Reality
© Example Code

@ New Register File

© RTL to LTL

@ Evaluation
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