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int f1(int a, int b) {
  int var = a*b + 10;
  int result = foo(var);
  printf("result: %d\n", result);
  return result;
}

void f2(int a, int b) {
  int var = a*b + b;
  int result = foo(var);
  printf("result: %d\n", result);
  if (result==0)
    printf("result is zero\n");
}
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int f1(int a, int b) {
  int var = a*b + 10;
  int result = foo(var);
  printf("result: %d\n", result);
  return result;
}
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  printf("result: %d\n", result);
  if (result==0)
    printf("result is zero\n");
}
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c
m
p
 
e
q

b
r l
a
b
e
l

c
a
l
l

b
r l
a
b
e
l

r
e
t

l
a
b
e
l

label

0 -1

-1

-2

-2

-3

-3

-12-11-10-9

-9

-8

-8

-7

-7

-6

-6

-6

-5

-5

-6

-4

-4

2 1 0 -1 -2 -3 -5-4

-5-4-3-2-1012341

0

-1

-2

-3 0

1 4

5

56

663 6

6

3

2

4 3 2 1 0 -1 -2 -3

012345678

345789107

9 89 7 5 4

SEQUENCE ALIGNMENT



%r0 = mul %a, %b

%r1 = add %r0, 10

%r2 = call foo(%r1)

%r3 = call printf(@str,%r2)

ret %r2

%x0 = mul %a, %b

%x1 = add %x0, %b

%x2 = call foo(%x1)

%x3 = call printf(@str,%x2)

%x4 = icmp eq %x2, 0

br %x4, %if.then, %if.end

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

label: entrylabel: entry

 

CODE GENERATION



%r0 = mul %a, %b

%r1 = add %r0, 10

%r2 = call foo(%r1)

%r3 = call printf(@str,%r2)

ret %r2

%x0 = mul %a, %b

%x1 = add %x0, %b

%x2 = call foo(%x1)

%x3 = call printf(@str,%x2)

%x4 = icmp eq %x2, 0

br %x4, %if.then, %if.end

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1entry b1

Renaming Table
CODE GENERATION



%r0 = mul %a, %b

%r1 = add %r0, 10

%r2 = call foo(%r1)

%r3 = call printf(@str,%r2)

ret %r2

%x0 = mul %a, %b

%x1 = add %x0, %b

%x2 = call foo(%x1)

%x3 = call printf(@str,%x2)

%x4 = icmp eq %x2, 0

br %x4, %if.then, %if.end

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1entry b1

Renaming Table
CODE GENERATION



%r1 = add %r0, 10

%r2 = call foo(%r1)

%r3 = call printf(@str,%r2)

ret %r2

%x1 = add %x0, %b

%x2 = call foo(%x1)

%x3 = call printf(@str,%x2)

%x4 = icmp eq %x2, 0

br %x4, %if.then, %if.end

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul

%r0 = mul %a, %b %x0 = mul %a, %b

entry b1

Renaming Table
CODE GENERATION



%r0 = mul %a, %b

%r1 = add %r0, 10

%r2 = call foo(%r1)

%r3 = call printf(@str,%r2)

ret %r2

%x0 = mul %a, %b

%x1 = add %x0, %b

%x2 = call foo(%x1)

%x3 = call printf(@str,%x2)

%x4 = icmp eq %x2, 0

br %x4, %if.then, %if.end

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b

entry b1

Renaming Table
CODE GENERATION



%r1 = add %r0, 10

%r2 = call foo(%r1)

%r3 = call printf(@str,%r2)

ret %r2

%x1 = add %x0, %b

%x2 = call foo(%x1)

%x3 = call printf(@str,%x2)

%x4 = icmp eq %x2, 0

br %x4, %if.then, %if.end

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b

entry b1
r0 m0
x0 m0

Renaming Table
CODE GENERATION



%r1 = add %r0, 10

%r2 = call foo(%r1)

%r3 = call printf(@str,%r2)

ret %r2

%x1 = add %x0, %b

%x2 = call foo(%x1)

%x3 = call printf(@str,%x2)

%x4 = icmp eq %x2, 0

br %x4, %if.then, %if.end

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%m1 = add

entry b1
r0 m0
x0 m0

Renaming Table
CODE GENERATION



%r1 = add %r0, 10

%r2 = call foo(%r1)

%r3 = call printf(@str,%r2)

ret %r2

%x1 = add %x0, %b

%x2 = call foo(%x1)

%x3 = call printf(@str,%x2)

%x4 = icmp eq %x2, 0

br %x4, %if.then, %if.end

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%m1 = add

entry b1
r0 m0
x0 m0

Renaming Table
CODE GENERATION



%r1 = add %r0, 10

%r2 = call foo(%r1)

%r3 = call printf(@str,%r2)

ret %r2

%x1 = add %x0, %b

%x2 = call foo(%x1)

%x3 = call printf(@str,%x2)

%x4 = icmp eq %x2, 0

br %x4, %if.then, %if.end

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%m1 = add %m0, 

entry b1
r0 m0
x0 m0

Renaming Table
CODE GENERATION



%r1 = add %r0, 10

%r2 = call foo(%r1)

%r3 = call printf(@str,%r2)

ret %r2

%x1 = add %x0, %b

%x2 = call foo(%x1)

%x3 = call printf(@str,%x2)

%x4 = icmp eq %x2, 0

br %x4, %if.then, %if.end

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%m1 = add %m0, 

entry b1
r0 m0
x0 m0

Renaming Table
CODE GENERATION



%r1 = add %r0, 10

%r2 = call foo(%r1)

%r3 = call printf(@str,%r2)

ret %r2

%x1 = add %x0, %b

%x2 = call foo(%x1)

%x3 = call printf(@str,%x2)

%x4 = icmp eq %x2, 0

br %x4, %if.then, %if.end

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, 

entry b1
r0 m0
x0 m0

Renaming Table
CODE GENERATION



%r2 = call foo(%r1)

%r3 = call printf(@str,%r2)

ret %r2

%x2 = call foo(%x1)

%x3 = call printf(@str,%x2)

%x4 = icmp eq %x2, 0

br %x4, %if.then, %if.end

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, %t0

entry b1
r0 m0
x0 m0
r1 m1
x1 m1

Renaming Table
CODE GENERATION



%r2 = call foo(%r1)

%r3 = call printf(@str,%r2)

ret %r2

%x2 = call foo(%x1)

%x3 = call printf(@str,%x2)

%x4 = icmp eq %x2, 0

br %x4, %if.then, %if.end

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, %t0

entry b1
r0 m0
x0 m0
r1 m1
x1 m1

Renaming Table
CODE GENERATION



%r2 = call foo(%r1)

%r3 = call printf(@str,%r2)

ret %r2

%x2 = call foo(%x1)

%x3 = call printf(@str,%x2)

%x4 = icmp eq %x2, 0

br %x4, %if.then, %if.end

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, %t0
%m2 = call foo(%m1)

entry b1
r0 m0
x0 m0
r1 m1
x1 m1

Renaming Table
CODE GENERATION



%r3 = call printf(@str,%r2)

ret %r2

%x3 = call printf(@str,%x2)

%x4 = icmp eq %x2, 0

br %x4, %if.then, %if.end

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, %t0
%m2 = call foo(%m1)

entry b1
r0 m0
x0 m0
r1 m1
x1 m1
r2 m2
x2 m2

Renaming Table
CODE GENERATION



%r3 = call printf(@str,%r2)

ret %r2

%x3 = call printf(@str,%x2)

%x4 = icmp eq %x2, 0

br %x4, %if.then, %if.end

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, %t0
%m2 = call foo(%m1)

entry b1
r0 m0
x0 m0
r1 m1
x1 m1
r2 m2
x2 m2

Renaming Table
CODE GENERATION



%r3 = call printf(@str,%r2)

ret %r2

%x3 = call printf(@str,%x2)

%x4 = icmp eq %x2, 0

br %x4, %if.then, %if.end

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, %t0
%m2 = call foo(%m1)
%m3 = call printf(@str,%m2)

entry b1
r0 m0
x0 m0
r1 m1
x1 m1
r2 m2
x2 m2

Renaming Table
CODE GENERATION



ret %r2

%x4 = icmp eq %x2, 0

br %x4, %if.then, %if.end

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, %t0
%m2 = call foo(%m1)
%m3 = call printf(@str,%m2)

entry b1
r0 m0
x0 m0
r1 m1
x1 m1
r2 m2
x2 m2
r3 m3
x3 m3

Renaming Table
CODE GENERATION



ret %r2

%x4 = icmp eq %x2, 0

br %x4, %if.then, %if.end

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, %t0
%m2 = call foo(%m1)
%m3 = call printf(@str,%m2)

entry b1
r0 m0
x0 m0
r1 m1
x1 m1
r2 m2
x2 m2
r3 m3
x3 m3

Renaming Table
CODE GENERATION



ret %r2

%x4 = icmp eq %x2, 0

br %x4, %if.then, %if.end

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, %t0
%m2 = call foo(%m1)
%m3 = call printf(@str,%m2)
br %0, %b2, %b3

label: b3label: b2

entry b1
r0 m0
x0 m0
r1 m1
x1 m1
r2 m2
x2 m2
r3 m3
x3 m3

Renaming Table
CODE GENERATION



ret %r2

%x4 = icmp eq %x2, 0

br %x4, %if.then, %if.end

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, %t0
%m2 = call foo(%m1)
%m3 = call printf(@str,%m2)
br %0, %b2, %b3

label: b3label: b2
%x4 = icmp eq

entry b1
r0 m0
x0 m0
r1 m1
x1 m1
r2 m2
x2 m2
r3 m3
x3 m3

Renaming Table
CODE GENERATION



ret %r2

%x4 = icmp eq %x2, 0

br %x4, %if.then, %if.end

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, %t0
%m2 = call foo(%m1)
%m3 = call printf(@str,%m2)
br %0, %b2, %b3

label: b3label: b2
%x4 = icmp eq %m2, 0

entry b1
r0 m0
x0 m0
r1 m1
x1 m1
r2 m2
x2 m2
r3 m3
x3 m3

Renaming Table
CODE GENERATION



ret %r2

br %x4, %if.then, %if.end

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, %t0
%m2 = call foo(%m1)
%m3 = call printf(@str,%m2)
br %0, %b2, %b3

label: b3label: b2
%x4 = icmp eq %m2, 0

entry b1
r0 m0
x0 m0
r1 m1
x1 m1
r2 m2
x2 m2
r3 m3
x3 m3

Renaming Table
CODE GENERATION



ret %r2

br %x4, %if.then, %if.end

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, %t0
%m2 = call foo(%m1)
%m3 = call printf(@str,%m2)
br %0, %b2, %b3

label: b3label: b2
%x4 = icmp eq %m2, 0

entry b1
r0 m0
x0 m0
r1 m1
x1 m1
r2 m2
x2 m2
r3 m3
x3 m3

Renaming Table
CODE GENERATION



ret %r2

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, %t0
%m2 = call foo(%m1)
%m3 = call printf(@str,%m2)
br %0, %b2, %b3

label: b3label: b2
%x4 = icmp eq %m2, 0
br %x4, %if.then, %if.end

entry b1
r0 m0
x0 m0
r1 m1
x1 m1
r2 m2
x2 m2
r3 m3
x3 m3

Renaming Table
CODE GENERATION



ret %r2

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, %t0
%m2 = call foo(%m1)
%m3 = call printf(@str,%m2)
br %0, %b2, %b3

label: b3label: b2
%x4 = icmp eq %m2, 0
br %x4, %if.then, %if.end

entry b1
r0 m0
x0 m0
r1 m1
x1 m1
r2 m2
x2 m2
r3 m3
x3 m3

Renaming Table
CODE GENERATION



ret %r2

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, %t0
%m2 = call foo(%m1)
%m3 = call printf(@str,%m2)
br %0, %b2, %b3

label: b3label: b2
%x4 = icmp eq %m2, 0
br %x4, %if.then, %if.end

entry b1
r0 m0
x0 m0
r1 m1
x1 m1
r2 m2
x2 m2
r3 m3
x3 m3

Renaming Table
CODE GENERATION



ret %r2

label: if.then

%x5 = call printf(@str)

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, %t0
%m2 = call foo(%m1)
%m3 = call printf(@str,%m2)
br %0, %b2, %b3

label: b3label: b2
%x4 = icmp eq %m2, 0
br %x4, %if.then, %if.end

entry b1
r0 m0
x0 m0
r1 m1
x1 m1
r2 m2
x2 m2
r3 m3
x3 m3

Renaming Table
CODE GENERATION



ret %r2

label: if.then

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, %t0
%m2 = call foo(%m1)
%m3 = call printf(@str,%m2)
br %0, %b2, %b3

label: b3label: b2
%x4 = icmp eq %m2, 0
br %x4, %if.then, %if.end

%x5 = call printf(@str)

entry b1
r0 m0
x0 m0
r1 m1
x1 m1
r2 m2
x2 m2
r3 m3
x3 m3

Renaming Table
CODE GENERATION



ret %r2

label: if.then

br %if.end

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, %t0
%m2 = call foo(%m1)
%m3 = call printf(@str,%m2)
br %0, %b2, %b3

label: b3label: b2
%x4 = icmp eq %m2, 0
br %x4, %if.then, %if.end

%x5 = call printf(@str)

entry b1
r0 m0
x0 m0
r1 m1
x1 m1
r2 m2
x2 m2
r3 m3
x3 m3

Renaming Table
CODE GENERATION



ret %r2

label: if.then

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, %t0
%m2 = call foo(%m1)
%m3 = call printf(@str,%m2)
br %0, %b2, %b3

label: b3label: b2
%x4 = icmp eq %m2, 0
br %x4, %if.then, %if.end

%x5 = call printf(@str)
br %if.end

entry b1
r0 m0
x0 m0
r1 m1
x1 m1
r2 m2
x2 m2
r3 m3
x3 m3

Renaming Table
CODE GENERATION



ret %r2

label: if.then

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, %t0
%m2 = call foo(%m1)
%m3 = call printf(@str,%m2)
br %0, %b2, %b3

label: b3label: b2
%x4 = icmp eq %m2, 0
br %x4, %if.then, %if.end

%x5 = call printf(@str)
br %if.end

entry b1
r0 m0
x0 m0
r1 m1
x1 m1
r2 m2
x2 m2
r3 m3
x3 m3

Renaming Table
CODE GENERATION



ret %r2

label: if.then

label: if.end

ret void

 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, %t0
%m2 = call foo(%m1)
%m3 = call printf(@str,%m2)
br %0, %b2, %b3

label: b3label: b2
%x4 = icmp eq %m2, 0
br %x4, %if.then, %if.end

%x5 = call printf(@str)
br %if.end

entry b1
r0 m0
x0 m0
r1 m1
x1 m1
r2 m2
x2 m2
r3 m3
x3 m3

Renaming Table
CODE GENERATION



label: if.then

label: if.end

 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, %t0
%m2 = call foo(%m1)
%m3 = call printf(@str,%m2)
br %0, %b2, %b3

label: b3label: b2
%x4 = icmp eq %m2, 0
br %x4, %if.then, %if.end

%x5 = call printf(@str)
br %if.end

label: b4

br %b4

br %b4

ret %r2 ret void

entry b1
r0 m0
x0 m0
r1 m1
x1 m1
r2 m2
x2 m2
r3 m3
x3 m3

Renaming Table
CODE GENERATION



 

label: b4

ret %r2 ret void

label: if.then

label: if.end

 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, %t0
%m2 = call foo(%m1)
%m3 = call printf(@str,%m2)
br %0, %b2, %b3

label: b3label: b2
%x4 = icmp eq %m2, 0
br %x4, %if.then, %if.end

%x5 = call printf(@str)
br %if.end

br %b4

br %b4

entry b1
r0 m0
x0 m0
r1 m1
x1 m1
r2 m2
x2 m2
r3 m3
x3 m3

Renaming Table
CODE GENERATION



 
 

label: if.end
br %b4

label: if.then 

label: b1
%m0 = mul %a, %b
%t0 = select %0, 10, %b
%m1 = add %m0, %t0
%m2 = call foo(%m1)
%m3 = call printf(@str,%m2)
br %0, %b2, %b3

label: b3label: b2
%x4 = icmp eq %m2, 0
br %x4, %if.then, %if.end

%x5 = call printf(@str)
br %if.end

label: b4

br %b4

ret %m2

entry b1
r0 m0
x0 m0
r1 m1
x1 m1
r2 m2
x2 m2
r3 m3
x3 m3

Renaming Table
CODE GENERATION



i1 i32 i32* float

double float float i32 i32*

Function 1

Function 2

 MERGING PARAMETERS



i1
FuncID

i1 i32 i32* float

double float float i32 i32*

Function 1

Function 2

 MERGING PARAMETERS



i1i1
FuncID

i1 i32 i32* float

double float float i32 i32*

Function 1

Function 2

 MERGING PARAMETERS



i32i1i1
FuncID

i1 i32 i32* float

double float float i32 i32*

Function 1

Function 2

 MERGING PARAMETERS



i32*i32i1i1
FuncID

i1 i32 i32* float

double float float i32 i32*

Function 1

Function 2

 MERGING PARAMETERS



floati32*i32i1i1
FuncID
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Efficient Exploration Mechanism

NOVEL and POWERFUL Technique

for Merging ANY Pair of Functions

 CONCLUSION



https://groups.google.com/d/msg/llvm-dev/HQRg58ZCXsM/N7fbgvZgBQAJ

LLVM Dev RFC:

https://github.com/rcorcs/fmsa

Source Code:

LINKS

https://reviews.llvm.org/D59442

LLVM Patch:

https://doi.org/10.1109/CGO.2019.8661174

Paper (CGO'19 ):



Rodrigo Rocha

Pavlos Petoumenos Zheng Wang Murray Cole Hugh Leather

Function Merging by Sequence Alignment
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Compilation Time
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Runtime Overhead
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Profile-Guided Results
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Example: State of the Art



Example of Identical Functions

template <int dim>
unsigned int PolynomialSpace<dim>::
compute_n_pols (const unsigned int n) {
unsigned int n_pols = n;
for (unsigned int i=1; i<dim; ++i) {
n _pols *= (n+i);
n _pols /= (i+ 1);
}
return n_pols;

}

unsigned int PolynomialSpace<1>::
compute_n_pols(const unsigned int n) {
return n;

}

template <int dim> inline
unsigned int TensorProductPolynomials<dim>::
x_to_the_dim (const unsigned int x) {
unsigned int y = 1;
for (unsigned int d=0; d<dim; ++d) {

y  *= x;
}
return y;

}

unsigned int TensorProductPolynomials<1>::
x_to_the_dim(const unsigned int x) {
return x;

}

After template specialization and applying optimizations:
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