
A Quest Toward the 
Perfect Optimizing Compiler
Theodoros Theodoridis

.ethz.ch



Compiler
Source Target

2



Source Target

Transformations Analyses

Transformations
DCE INLCSE

... ......

... ......

Analyses
AA VRDA

… ……

… ……

Heuristics

3



How far are we from the optimum? Pretty far…

1.3x Speedup Up to 5x 
Speedup
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Our Approach
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The Benefits of Inlining

int bar(int a, int b) {
if ((a * b) % 2)
return a + b;

else
return a - b;

}

int foo(int x) {
return bar(x,2) + 2;

}

int foo(int x) {
int a = x, b = 2, r;
if ((a * b) % 2)
r = a + b;

else
r = a - b;

return r + 2;
}

(x * 2) % 2 == 0

after inlining

int foo(int x) {
int a = x, b = 2, r;
if ((a * b) % 2)
r = a + b;

else
r = a - b;

return r + 2;
}

int foo(int x) {
return x;

}

7



Too much Inlining is Bad

function

Inlined call

Aggressive Inlining: 
69% binary size increase
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Proper Inlining Reduces Program Size
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SPEC CPU 2017 benchmarks

Up to 3x improvement
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Gap between LLVM and Optimal
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in 526 cases (not shown)

8.5% of cases 
10+% overhead

Max 281%

LLVM’s heuristic 
is too aggressive
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Dead Code Elimination: An Optimization Sink
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How good are compilers at DCE?

Corpus of 10,000 test programs:

• Generated with Csmith

• 3,109,167 dead blocks

Optimization
Level

% of dead blocks that are missed
GCC LLVM

O0 85.2% 83.2%
O1 8.2% 5.2%
Os 6.0% 4.8%
O2 5.7% 4.4%
O3 5.6% 4.3%
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Finding Missed Optimization 
Opportunities Automatically

LLVM GCC
Reported 47 55
Confirmed 35 46
Fixed 15 15
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5 call graph edges: 
25 = 32 combinations
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C → D inlined

24 combinations

CA B

F E D

C → D not inlined

22 combinations

22 combinations

Total:(22 + 22 + 1) + 24 = 25 < 32 naïve  

This can be done recursively!
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Lens of Dead Code Elimination
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Different Compilers Eliminate Different Parts

int a = 0;
static int b[2] = {0,0}, c = 0;

int main() {
if (b[a]) {
return 1;

}
if (c) {
return 2;

}
c = 1;
return 0;

}
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Missed Dead Code Elimination Detection

main:
movslq a(%rip), %rdx
movl   $1, %eax
movl   b(,%rdx,4),%edx
testl  %edx, %edx
jne    .L1
movl   c(%rip), %eax
testl  %eax, %eax
jne    .L4
movl   $1, c(%rip)
ret

.L4:
movl   $2, %eax

.L1:
ret

main:
movl  $2, %eax
cmpb  $0, c(%rip)
jne  .LBB0_2
movb  $1, c(%rip)
xorl  %eax, %eax

.LBB0_2:
retq

int a = 0;
static int b[2] = {0,0}, c = 0;

int main() {
if (b[a]) {
return 1;

}
if (c) {
return 2;

}
c = 1;
return 0;

}
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int a = 0;
static int b[2] = {0,0}, c = 0; 
int main() {
if (b[a]) {
DCEMarker1();
return 1;

}
if (c) {
DCEMarker2();
return 2;

}
c = 1;
return 0;

}

Missed Dead Code Elimination: Markers

main:
subq   $8, %rsp
movslq a(%rip), %rax
movl   b(,%rax,4),%eax
testl  %eax, %eax
jne    .L7
…

.L7:
call   DCEMarker1
movl   $1, %eax
jmp    .L1

.L8:
call   DCEMarker2
movl   $2, %eax
jmp    .L1

main: 
pushq   %rax
cmpb    $1, c(%rip)
jne     .LBB0_2
callq   DCEMarker2
movl    $2, %eax
popq    %rcx
retq

.LBB0_2:
movb    $1, c(%rip)
xorl    %eax, %eax
popq    %rcx
retq

int a = 0;
static int b[2] = {0,0}, c = 0;

int main() {
if (b[a]) {
return 1;

}
if (c) {
return 2;

}
c = 1;
return 0;

}
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The Lens of Dead Code Elimination
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DCE Examples
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static int a[2], b, *c[2];

int main() {
for (b = 0; b < 2; b++) {
c[b] = &a[1];

}
if (!c[0]){
DCEMarker();

}
return 0;

}

static int a[2], b, *c[2];

int main() {
for (b = 0; b < 2; b++) {
c[b] = &a[1];

}
if (!c[0]){
DCEMarker();

}
return 0;

}

-O1

-O3

c[0] points to 
a non-zero 

address

Vectorized
at –O3

Pointer data 
vectorized as 

unsigned int
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static long a = 78240;
static int b, d;
static short e;
static short c(short f, short h) {   
return h == 0 || 
(f && h == 1) ? 0 : f % h; }

int main() {
short g = a;
for (b = 0; b < 1; b++) {
e = a;
d = c((e == a) ^ g, a);

}

if (d) {
DCEMarker();
for (; a; a++);

}
}

LLVM 13 -O1

LLVM 13 -O3

Modulo on constant
ranges: [X,X+1) % [X,X+1) 

not simplified
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static int b = -1, e = 1;
static short c = 0, d = 0;
short a(unsigned short f, int g) { 
return f >> g; 

}

int main() {
c++;
d  = a(4294967295 + (c > 0),1);
e ^= (short)(d * 3) /(unsigned)b;
if (!e)
DCEMarker();

}

LLVM 13 
-O3

LLVM dev 
-O3

e != 0

Regression on shift 
peephole optimization
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static char a = 1, b = 0, c = 1;

int main() {
for (b = 6; b < 1; b = 0)
c = 0;

if (1 != 0 ^ 0 < a)
DCEMarker();

a = c;
return 0;

}

LLVM 4 
-O3

LLVM main 
-O3

[SimplifyCFG] don't sink common insts too soon (PR34603)

This should solve:    
https://bugs.llvm.org/show_bug.cgi?id=34603
...by preventing SimplifyCFG from altering redundant  
instructions  before early-cse has a chance to run. 
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