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SAVINGS IN CODE

Smaller Memories

COST SAVINGS



HOW TO REDUCE SIZE?



HOW TO REDUCE SIZE?
MERGE

Similar or ldentical

FUNCTIONS




MERGING FUNCTIONS

int fl(int a, int b) { void f2(int a, int b) {
int var = a*b + 10; int var = a*b + b;
int result = foo(var); int result = foo(var);
printf("result: %d\n", result); printf("result: %d\n", result);
return result; if (result==0)

} printf("result is zero\n");
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MERGING FUNCTIONS
Selecting Different Operands

int fl(int a, int b) { void f2(int a, int b) {
int var = a*b + 10; int var = a*b +|b;
int result = foo(var); int result = foo(var);
printf("result: %d\n", result); printf("result: %d\n", result);
return result; if (result==0)
} printf("result is zero\n");
}

merged(int a, int b, int func id) {
int term = (func id==1)7? 10 : b ;
int var = a*b + term;
int result = foo(var);
printf("result: %d\n", result);



MERGING FUNCTIONS
Branching to Distinct CFG

int fl(int a, int b) { void f2(int a, int b) {
int var = a*b + 10; int var = a*b +|b;
int result = foo(var); int result = foo(var);
printf("result: %d\n", result); printf("result: %d\n", result);
return result; if (result==0)
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}
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int result = foo(var);
printf("result: %d\n", result);
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int fl(int a, int b) { void f2(int a, int b) {
int var = a*b + 10; int var = a*b +|b;
int result = foo(var); int result = foo(var);
printf("result: %d\n", result); printf("result: %d\n", result);
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} printf("result is zero\n");
}

merged(int a, int b, int func id) {
int term = (func id==1)7? 10 : b ;
int var = a*b + term;
int result = foo(var);
printf("result: %d\n", result);

if (result==0)
printf(“result 1is zero\n");
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Branching to Distinct CFG

int fl(int a, int b) { void f2(int a, int b) {
int var = a*b + 10; int var = a*b +|b;
int result = foo(var); int result = foo(var);
printf("result: %d\n", result); printf("result: %d\n", result);
return result; if (result==0)
} printf("result is zero\n");
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int term = (func id==1)7? 10 : b ;
int var = a*b + term;
int result = foo(var);
printf("result: %d\n", result);
if (func id==2)

1f (result==0)

printf("result is zero\n");
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MERGING FUNCTIONS

Combining the Return Value

int| fl(int a, int b) { void| f2(int a, int b) {
int var = a*b + 10; int var = a*b +|b;
int result = foo(var); int result = foo(var);
printf("result: %d\n", result); printf("result: %d\n", result);
return result; if (result==0)
} printf("result is zero\n");
}

int|merged(int a, int b, int func id) {

int term = (func id==1)7? 10 : b ;
int var = a*b + term;
int result = foo(var);
printf("result: %d\n", result);
if (func id==2)

1f (result==0)

printf("result is zero\n");

return result;




MERGING FUNCTIONS

Reduces Code Size!l

int ' a, 1nt { void a, 1nt
int var 10; int var =
int resul int result

' result); printf ("

if (r

int|merged(int a, int b, int func_id) {
int term = (func i1d==1)7? 10 : b ;

int var = a*b +|term;|

int result = foo(var);

printf("result: %d\n", result);

if (func_id==2)
1f (result==0)

printf("result is zero\n");
return result;




MERGING FUNCTIONS

However...

int|fl(int a, int b) { void| f2(int a, int b)

int var = a*b +10; int var = a*b +.

int result = foo(var ) int result = foo(var);

printf("result: %d\n", result); printf("result: %d\n", result);

return result; | 1f (result==0) |
} |  printf("result is zero\n"); |

}
1 arged(int a, int b, int func g#) {
int Tfgg (func id==1)7 10 D ;

4+ term;

State of the Art FAILS

==0)
f("result 1s zero\n
irn result;

int var =

if (re
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Production compilers:
LLVM, GCC, MSVC
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The state of the art
significant improvement but...

MUST HAVE IDENTICAL

e CFGs
e Return types
e Lists of parameters

e Number of instructions



WHAT WE WANT



WHAT WE WANT

Merge ANY two functions



WHAT WE WANT

Merge ANY two functions

and

CHOOSE when to do it



HOW WE DO IT

int fl1(int a, 1int b) { void f2(int a, int b) {
int var = a*b + , int var = a*b + b;
int result = foo(var); int result = foo(var);
printf( , result); printf( , result);
return result; if (result==
} printf( )



HOW WE DO IT

r A 4
label: entry label: entry
%r0 = mul %a, %b \\\ %X0 = mul %a, %b
%rl = add_%r0, 10 %x1 = add %x0, %b
%r2 = call foo(%rl) <2> %x2 = call foo(%x1)
%r3 = call printf(@str,%r2) %x3 = call printf(@str,%x2)
| ret %r2 ) e %x4 = 1cmp eq %x2, 0
\Pr %x4, %1if.then, %if.end

N\ ‘ \
label: if.then
%x5 = call printf(@str)

\pr %if.end
\ J

label: if.end
ret void




HOW WE DO IT

4 \ (
label label
mul mul
add add
call call
call gall
\ret y icmp eq
br
\_ “(
(. N
label
call
br

\

label
ret




LINEARIZATION

4 N f
label label
mul mu'l
add add
call call
call gall
 ret ) icmp eq
br
\_ “(
-
label
call
\pr )

\

label
ret
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call foo

call printf

ret

—2

-1 -1

= -2

-1 -1

—>



SEQUENCE ALIGNMENT

N

12qe]

a9

112

19qe]

a9

ba dudT
Jautad 11ed
00J 112

ppe

1nw

19qel

-9 |-10]-11]-12

-8

-7

—0

-5

-4

-3

—2

—1

—1
—2
-3
-4
-5

6

label

mul
add

call foo

call printf

ret

\ 0+2=2

—2

-1 -1

= -2

-1 -1

—>



SEQUENCE ALIGNMENT

N

12qe]

a9

112

19qe]

a9

ba dudT
Jautad 11ed
00J 112

ppe

1nw

19qel

-9 |-10]-11]-12

-8

-7

—0

-5

-4

-3

—2

—1

2

—1
—2
-3
-4
-5

6

label

mul
add

call foo

call printf

ret

N\ 0+2=2

—2

-1 -1

= -2

-1 -1

—>



SEQUENCE ALIGNMENT

N

12qe]

a9

112

19qe]

a9

ba dudT
Jautad 11ed
00J 112

ppe

1nw

19qel

-9 |-10]-11]-12

-8

-7

—0

-5

-4

-3

-2

-1

2

0
—1
—2
-3
-4
-5

6

label

mul
add

call foo

call printf

ret

—2

Ny 1

-3

-2 -1

—» 2-1=1



SEQUENCE ALIGNMENT

N

12qe]

a9

112

19qe]

a9

ba dudT
Jautad 11ed
00J 112

ppe

1nw

19qel

-9 |-10]-11]-12

-8

-7

—0

-5

-4

-3

—2

—1

2

—1
—2
-3
-4
-5

6

label

mul
add

call foo

call printf

ret

—2

Ny 1

= -3

-2 -1

— 2-1=1



SEQUENCE ALIGNMENT

N

12qe]

a9

112

19qe]

a9

ba dudT
Jautad 11ed
00J 112

ppe

1nw

19qel

-9
-6
-3

-8
-5

-7
-4

—1

-9 |-10]-11]-12

-0

-3

-8
-5
—2

-7
-4

—1

—0
-3

-5
—2

-4

—1

-3

—2

2

0

—1

2

0
—1
—2
-3

—1
—2
-3
-4
-5

label

mul
add

call foo

call printf

ret




SEQUENCE ALIGNMENT

N

12qe]

a9

112

19qe]

a9

ba dudT
Jautad 11ed
00J 112

ppe

1nw

19qel

-9
-6
-3

-8
-5

-7
-4

—1

-9 |-10]-11]-12

-0

-3

-8
-5
—2

-7
-4

—1

—0
-3

-5
—2

-4

—1

-3

—2

2

0

—1

2

0
—1
—2
-3

—1
—2
-3
-4
-5

label

mul
add

call foo

call printf

ret




SEQUENCE ALIGNMENT

N

12qe]

a9

112

19qe]

a9

ba dudT
Jautad 11ed
00J 112

ppe

1nw

19qel

-9
-6
-3

-8
-5

-7
-4

—1

-9 |-10]-11]-12

-0

-3

-8
-5
—2

-7
-4

—1

—0
-3

-5
—2

-4

—1

-3

—2

2

0

—1

2

0
—1
—2
-3

—1
—2
-3
-4
-5

label

mul
add

call foo

call printf

ret




SEQUENCE ALIGNMENT

194

19qey

419

11e9

19qel]

419

ba dudTt
Jautdd 77180

00J) 11ed

ppe

1nw

19qel]

label |

mul
add

call foo |
call printf

ret



CODE GENERATION

(label ) (label
( mul ) ( mul
( add ) ( add
( call foo ) ( call foo
( call printf ) ( call printf
( icmp eq
(br
(label
( call
(br

(label

(ret ) (ret

(S WA WA WA WA WA A VA A A s N




CODE GENERATION

Renaming Table

entry | bl (label: bl

( mul ) ( mul

( add ) ( add

( call foo ) ( call foo

( call printf ) ( call printf
( icmp eq
(br
(label
( call
(br
(label

(ret ) (ret

N WA WA A QWA A VA A i N




CODE GENERATION

Renaming Table

entry | bl label: bl ]
( mul ) ( mul
( add ) ( add
( call foo ) ( call foo
( call printf ) ( call printf
( icmp eq
(br
(label
( call
(br
(label
(ret ) (ret

A A WA A A WA A Ve A o




CODE GENERATION

Renaming Table

entry | bl label: bl ]
%m0 = mul

( %a, %b ) ( %a, %b

( add ) ( add

( call foo ) ( call foo

( call printf ) ( call printf
( icmp eq
(br
(label
( call
(br

(label

(ret ) (ret

A A WA A A WA A Ve A o




CODE GENERATION

Renaming Table

entry | b1 label: bl
%m0 = mul %a, %b

( %a, %b ) ( %a, %b
( add ) ( add
( call foo ) ( call foo
( call printf ) ( call printf
( icmp eq
(br
(label
( call
(br

(label

(ret ) (ret

A A WA A A WA A Ve A o




CODE GENERATION

Renaming Table

entry | bl label: bl ]
ro mo %m0 = mul %a, %b
x0 mo
( add ) ( add
( call foo ) ( call foo
( call printf ) ( call printf
( icmp eq
(br
(label
( call
(br
(label
(ret ) (ret

\ A WA WA A A WA A Ve i N




CODE GENERATION

Renaming Table

entry | b1 label:
ro mo %mo = mul %a, %b
%0 mo %sml = add
\ J
C add ) ( add
( call foo ) ( call foo
( call printf ) ( call printf
( icmp eq
(br
(label
( call
(br
(label
(ret ) (ret

N WA WA WA A WA VA Ve P N




CODE GENERATION

Renaming Table

entry | b1 label:
ro mo %mo = mul %b
%0 mo %sml = add
\ J
( %ro ) ( %X0
( call foo ) ( call foo
( call printf ) ( call printf
( icmp eq
(br
(label
( call
(br
(label
(ret ) (ret

N WA WA WA A WA VA Ve P N




CODE GENERATION

Renaming Table

entry | b1 label: bl
ro mo %m0 = mul %a, %b
%0 mo ml = add %m@,
\ J
( %ro ) ( %X0
( call foo ) ( call foo
( call printf ) ( call printf
( icmp eq
(br
(label
( call
(br
(label
(ret ) (ret

N WA WA WA A WA VA Ve P N




CODE GENERATION

Renaming Table

entry | b1 label:
ro mo %mo = mul %b
%0 mo ml = add %m@,
\ J
( 10 ) ( %h
( call foo ) ( call foo
( call printf ) ( call printf
( icmp eq
(br
(label
( call
(br
(label
(ret ) (ret

N WA WA WA A WA VA Ve P N




CODE GENERATION

Renaming Table

entry | bl label: bl
ro mo %m0 = mul %a, %b
X0 mo %t0 = select %0, 10, %b
%ml = add %mo,
~ y
( L ) ( b
( call foo ) (: call foo
( call printf ) ( call printf
( icmp eq
(br
(label
( call
(br
(label
(ret ) (ret

N WA WA WA A WA VA Ve P N




CODE GENERATION

Renaming Table

entry | b1l label: bl
ro mo %m@ = mul %a, %b
X0 mo %t0 = select %0, 10, %b
rl ml oml = add %m0, %t0 )
X1 ml
C call foo ) C call foo
€ call printf ) ( call printf
( icmp eq
(br
(label
( call
(br
(label
(ret ) (ret

JUUUUUUOU




CODE GENERATION

Renaming Table

entry | b1 label: bl
ro mo %sm@ = mul %a, %b
%0 mo %t0 = select %0, 10, %b
r1 ml sml = add %m@Q, S%t0O
x1 ml g B
€ call foo (%rl ) ( call foo (%x1
€ call printf ) ( call printf
( icmp eq
(br
(label
( call
(br
(label
(ket :) (}et

A A DA WA P P A P




CODE GENERATION

Renaming Table

entry | b1 label: bl
ro mo %sm@ = mul %a, %b
%0 mo %t0 = select %0, 10, %b
r1 ml %sml = add %m@, %tO0
%1 m1 \%mz = call foo(%ml) )
€ call foo (%rl ) ( call foo (%x1
€ call printf ) ( call printf
( icmp eq
(br
(label
( call
(br
(label
(ket :) (}et

A A DA WA P P A P




CODE GENERATION

Renaming Table

entry | bl label: bl
ro mo %m0 = mul %a, %b
X0 mo %t0 = select %0, 10, %b
ri ml %ml = add %m0, %t0
%m2 = call foo(%ml
x1 ml L (%ml) )
r2 m2
X2
( call printf ) ( call printf
( icmp eq
(br
(label
( call
(br
(label
(ret ) (ret

WA AW AW AW AW\ WA\,




CODE GENERATION

Renaming Table

entry
ro
x0
ril
x1
r2

X2

bl
mo

mo
ml
ml
m2

m?2

label: bl
%m0 mul %
%t0
%sml
%m?2

add

\

select’%O, 10, %b
%m0, %t0
call foo(%ml)

%b

J

(

call printf

%r2)) (°

call printf

( icmp eq

(ret

A A A A WA A A




CODE GENERATION

Renaming Table

entry
ro
x0
ril
x1
r2

X2

bl
mo

mo
ml
ml
m2

m?2

label: bl
%m0 mul %
%t0

%Sm1l add
%m2

%m3

\

select %0, 10, %b
%m0, S%t0

call foo(%ml)

call printf(@str,%mZ))

%b

(

call printf

%r2)) (°

call printf

( icmp eq

(ret

A A A A WA A A




CODE GENERATION

Renaming Table

( . ~
entry | bl label: bl
ro mo %m0 = mul %a, %b
X0 mo %t0 = select %0, 10, %b
ril ml %ml = add %m@, %tO
x1 ml %sm2 = call foo(%ml)
r2 m2 sm3 = call printf(@str,%m2)
X2 m2
r3 m3
X3 m3 .
€ icmp eq
(br
(label
( call
(br
(label

(ret ) (ret

ST\




CODE GENERATION

Renaming Table

entry | bl label: bl h
ro mo %m0 = mul %a, %b

%0 mo %t0 = select %0, 10, %b

r1 ml ml = add %m0, %t0

%1 m1 %m2 = call foo(%ml)

e m2 %m3 = call printf(@str,%sm2)
X2 m2 - Y,
r3 m3

X3 m3

€ icmp eq

(ret ) (ret

N A A P P D




CODE GENERATION

Renaming Table

IR
0 0 “o - , °©
;0 go %t0 = select %0, 10, %b
rl ml sml = add %m@Q, S%t0O
x1 ml %m2 = call foo(%ml)
r2 m2 %m3 = call printf(@str,%m2)
br %0, %b2, %b3
X2 m2 )
r3 m3 ‘ ¥
= m3 | (label: b2 ) (label: b3 )
€ icmp eq )
(br )
(label )
(¢ call )
(br )
(label )
(ret ) Cret )




CODE GENERATION

Renaming Table

S label: bl A
ro mo %sm@ = mul %a, %b

%0 mo %t0 = select %0, 10, %b

r1 ml ml = add %m0, %t0

1 m1 %m2 = call foo(%ml)

- m2 %m3 = call printf(@str,%sm2)
X2 m2 kbr %0, %b2, %b3 )

r3 m3 w‘ "

X3 m3 | (label: b2 ) label: b3
%x4 = 1icmp eq
€ icmp eq
(br
(label
( call
(br
(label

(ret ) (ret

DA A WA DA W U P




CODE GENERATION

Renaming Table

entry
ro
x0
ril
x1
r2
X2
r3
X3

bl
mo

mo
ml
ml
m2
m2
m3
m3

N

,

icmp eq %m2, 0O

%x2, 0

(ret

label: bl
%m0 = mul %a, %b
%t0 = select %0, 10, %b
ml = add %m0, %t0
%m2 = call foo(%ml)
%m3 = call printf(@str,%sm2)
br %0, %b2, %b3
9 Y
(label: b2 ) label: b3
x4 =
(br
(label
( call
(br
(label
:) (}et

DA A WA DA W U P




CODE GENERATION

Renaming Table

entry
ro
x0
ril
x1
r2
X2
r3
X3

bl
mo

mo
ml
ml
m2

m?2
m3

m3

N

,

icmp eq %m2, 0O

—

(ret

label: bl
%m0 = mul %a, %b
%t0 = select %0, 10, %b
ml = add %m0, %t0
%m2 = call foo(%ml)
%m3 = call printf(@str,%sm2)
br %0, %b2, %b3
9 Y
(label: b2 ) label: b3
x4 =
(br
(label
( call
(br
(label
:) (}et

N L A A A




CODE GENERATION

Renaming Table

entry
ro
x0
ril
x1
r2
X2
r3
X3

bl
mo

mo
ml
ml
m2
m2
m3
m3

label: bl

%m0 = mul %a, %b

%t0 = select %0, 10, %b
ml = add %m0, %t0

%m2 = call foo(%ml)

%m3 = call printf(@str,%sm2)

br %0, %b2, %b3

N

,

v

(label: b2

(ret

v

) label: b3

%x4 = 1cmp eq %m2, 0O
(br %x4, %if.then, %if.end )
(label )
( call )
(br )
(label )

:) (}et )




CODE GENERATION

Renaming Table

entry | bl label: bl h
ro mo %m0 = mul %a, %b

%0 mo %t0 = select %0, 10, %b

r1 ml ml = add %m0, %t0

%1 m1 %m2 = call foq(%ml)

e m2 %m3 = call printf(@str,%sm2)
X2 m2 kbr %0, %b2, %b3 )

r3 m3 \‘ ;r
X3 m3 | (label: b2 ) [label: b3 }

%x4 = 1cmp eq %m2, 0O
br %x4, %if.then, %if.end

(label
( call

(br

(label

(ret ) (ret

A A A A




CODE GENERATION

Renaming Table

entry | bl label: bl h
ro mo %m0 = mul %a, %b

%0 mo %t0 = select %0, 10, %b

r1 ml ml = add %m0, %t0

%1 m1 %m2 = call foq(%ml)

e m2 %m3 = call printf(@str,%sm2)
X2 m2 kbr %0, %b2, %b3 )

r3 m3 “ ;,

%x4 = 1cmp eq %m2, 0O

X3 m3 | (label: b2 ) label: b3
br %x4, %1f.then, %if.end

(label: if.then

( call

(br

(label

(ret ) (ret

N A A —/




CODE GENERATION

Renaming Table

entry
ro
x0
ril
x1
r2
X2
r3
X3

bl
mo

mo
ml
ml
m2
m2
m3
m3

label: bl h
%m0 = mul %a, %b

%t0 = select %0, 10, %b

ml = add %m0, %t0

%m2 = call foo(%ml)

%m3 = call printf(@str,%sm2)
kpr %0, %b2, %b3

,

v

v

|

(label: b2 ) label: b3
%x4 = 1cmp eq %m2, 0O
br %x4, %if.then, %if.end
v

(label: if.then )
( call
(br
(label

(ret

:) (}et

N A A




CODE GENERATION

Renaming Table

€ : N
entry | b1l label: bl
ro mo %m0 = mul %a, %b
%t0 = select %0, 10, %b
X0 mo ’ ’
r1 ml ml = add %m0, %t0
x1 ml %m2 = call foo(%ml)
r2 m2 %m3 = call printf(@str,%m2)
X2 m2 kbr %0, %b2, %b3 )

r3 m3 \‘ ;r
X3 m3 | (label: b2 ) [label: b3 }

%x4 = 1cmp eq %m2, 0O
br %x4, %if.then, %if.end

v
(label: if.then )
(%XS = call printf(@str) )
(br )
(Label )
)

(ret ) (ret




CODE GENERATION

Renaming Table

entry
ro
x0
ril
x1
r2
X2
r3
X3

bl
mo

mo
ml
ml
m2
m2
m3
m3

label: bl h
%m0 = mul %a, %b

%t0 = select %0, 10, %b

ml = add %m0, %t0

%m2 = call foo(%ml)

%m3 = call printf(@str,%sm2)
kpr %0, %b2, %b3

,

v

v

(label: b2

%x4 = 1cmp eq %m2, 0O
br %x4, %if.then, %if.end

) [label: b3

|

v

label: if.then
%x5 = call printf(@str)

(br

(label

(ret

:) (}et

S\




CODE GENERATION

Renaming Table

entry
ro
x0
ril
x1
r2
X2
r3
X3

bl
mo

mo
ml
ml
m2
m2
m3
m3

label: bl h
%m0 = mul %a, %b

%t0 = select %0, 10, %b

ml = add %m0, %t0

%m2 = call foo(%ml)

%m3 = call printf(@str,%sm2)
kpr %0, %b2, %b3

,

v

v

(label: b2

%x4 = 1cmp eq %m2, 0O
br %x4, %if.then, %if.end

) [label: b3

|

v

label: if.then
%x5 = call printf(@str)

(br %if.end

(label

(ret

:) (}et

N




CODE GENERATION

Renaming Table

entry
ro
x0
ril
x1
r2
X2
r3
X3

bl
mo

mo
ml
ml
m2
m2
m3
m3

label: bl h
%m0 = mul %a, %b

%t0 = select %0, 10, %b

ml = add %m0, %t0

%m2 = call foo(%ml)

%m3 = call printf(@str,%sm2)
kbr %0, %b2, %b3

J

v

v

(label: b2

%x4 = 1cmp eq %m2, 0O
br %x4, %if.then, %if.end

) [label: b3

|

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

v
[label: if.then

|

(label

(ret

:) (}et

N




CODE GENERATION

Renaming Table

entry
ro
x0
ril
x1
r2
X2
r3
X3

bl
mo

mo
ml
ml
m2
m2
m3
m3

label: bl h
%m0 = mul %a, %b
%t0 = select %0, 10, %b
ml = add %m0, %t0
%m2 = call foo(%ml)
%m3 = call printf(@str,%sm2)
kbr /oj) %b2, %b3 ¥ )
(label: b2 ) label: b3
%x4 = icmp eq %m2, 0O
br %x4, %if.then, %if.end

v

label: if.then
%x5 = call printf(@str)

br %if.end

(label: if.end )

(ret

:) (}et )




CODE GENERATION

Renaming Table

entry
ro
x0
ril
x1
r2
X2
r3
X3

bl
mo

mo
ml
ml
m2
m2
m3
m3

label: bl h
%m0 = mul %a, %b

%t0 = select %0, 10, %b

ml = add %m0, %t0

%m2 = call foo(%ml)

%m3 = call printf(@str,%sm2)
kbr %0, %b2, %b3

J

v

v

(label: b2

%x4 = 1cmp eq %m2, 0O

) [label: b3

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

|

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

v
[label: if.then

/]

\Hl(label: if.end

(ret

:) (}et




CODE GENERATION

Renaming Table

entry
ro
x0
ril
x1
r2
X2
r3
X3

bl
mo

mo
ml
ml
m2
m2
m3
m3

label:

%m0
%t0
%ml

kbr %0,

bl
mul %a, %b

select %0, 10, %b

add %mO, %t0
call foo(%ml)

call printf(@str,%sm2)

%b2, %b3

N

,

v

v

label: b2
br %b4

label: b3
%x4 = 1cmp eq %m2, 0O

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

|

v

%x5 = call printf(@str)

[label: if.then

br %if.end

/]

\ﬁl»label:
br %b4

if.end

(label: b4

g

(ret

) (ret




CODE GENERATION

Renaming Table

( - . )
entry | b1 label: bl
ro mo %m0 = mul %a, %b
%0 mo %t0 = select %0, 10, %b
r1 ml %Ml = add %mO, %tO
%1 m1 %m2 = call foo(%sml)

%m3 = call printf(@str,%sm2)
r2 m2 br %0, %b2, %b3
X2 m2 DI =Y, bz, y,
r3 m3 “ ;,
X3 m3 label: b2 label: b3

br %b4 %x4 = icmp eq %m2, 0
br %x4, %if.then, %if.end

\ 4
label: if.then
%x5 = call printf(@str) #

br %if.end

\ﬁl»label: if.end
br %b4

(label: b4 )4/
(ret %r2 ) (ret void )




CODE GENERATION

Renaming Table

(- . )
entry | b1 label: bl
ro mo %m0 = mul %a, %b
%0 mo %t0 = select %0, 10, %b
r1 ml %Ml = add %mO, %tO
%1 m1 %m2 = call foo(%sml)

%m3 = call printf(@str,%sm2)
r2 m2 br %0, %b2, %b3
X2 m2 DI =Y, bz, y
r3 m3 “ ;,
X3 m3 label: b2 label: b3

br %b4 %x4 = icmp eq %m2, 0
br %x4, %if.then, %if.end

\ 4
label: if.then
%x5 = call printf(@str) #

br %if.end

\Hl label: if.end
br %b4

label: b4
ret %sm2
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MERGING PARAMETERS

Function 1

FuncID l l

Function 2



MERGING PARAMETERS

Function 1

e |||

Function 2



MERGING PARAMETERS

Function 1

e |||

Function 2



MERGING PARAMETERS

Function 1

e |||

e

i
Function 2




MERGING PARAMETERS

Function 1

e |||

double

SilaleilelaWAdouble ﬂoat float)] 132



MERGING PARAMETERS

Function 1

e

_—

Function 2



MERGING PARAMETERS

Function 1

e |||




MERGING PARAMETERS

Function 1

oo L L |

float

e

Function 2 e
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WHAT WE CAN HANDLE

O
Q- 5 N <
\\()$ (\Q@ \§® \OQ &?3\' Q\\ X
?‘ 'KQ A% '\(:b O \\Q
: ‘{\Q Q,& f5@ ’\Q’Q N\
) NS =X &
Return Types

List of Parameters

CFGs

Operands

v
v
v
Instructions \/ \/
v
v

Number of Instructions
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PROFITABLE MERGES

Brute Force

N
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PROFITABLE MERGES

Brute Force: Infeasible
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EVALUATION SETUP

LTO with —Os

LLVM: Identical Only
SOA: State of the Art
FMSA: Our Technique

Benchmark Suite:

e SPEC 20006
e MiBench
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CONCLUSION

NOVEL and POWERFUL Technique
for Merging ANY Pair of Functions

Efficient Exploration Mechanism



LINKS
Paper (CGO’19 ):

https://doi.org/10.1109/CG0.2019.8661174

Source Code:
https://github.com/rcorcs/fmsa

LLVM Dev RFC:

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

LLVM Patch:
https://reviews.llvm.org/D59442
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Compilation Breakdown

I Fingerprinting B Linearization I Code-Gen
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Future Work:
Use a greedy sequence alignment
Avoid wasteful merges
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Example: State of the Art

Perl_scala

0P *Perl_scalarkids (pTHX_ OP *o0) {
0P #*kid;
if (o && o->op_flags & OPf_KIDS) {
for (kid = cLISTOPo->op_first; kid;
scalar(kid);
}
return o;

}

ids

kid = kid->op_sibling)

}

%hcall = tail call Ystruct.op* @Perl_scalar(lstruct.op* %kid)

0P *kid;

0P *Perl_listkids (pTHX_

0P *0) {

if (o &% o->op_flags & OPf_KIDS) {
for (kid = cLISTOPo->op_first; kid;

list (kid);
}

return o;

kid = kid->op_sibling)

v

%call = tail call Ystruct.op* @Perl_list(%struct.op* %kid)

D

I

y

erged Function

v

%i = icmp eq 132 Ychoice, 0

br i1 %i, label D1, label ¥%D2 DO

e ~,

%call0 = tail call Ystruct.op* @Perl_scalar(lstruct.op* J%kid)

br label %D3

%calll = tail call %struct.op* @Perl_list(¥%struct.op* %kid)

D br label %D3

1

D

2

%call

= phi Ystruct.op* [ JcallO, %D1 ],

[ %calli, %D2 ]

D,




Example of ldentical Functions

template <int dim> template <int dim> inline
unsigned int PolynomialSpace<dim>:: unsigned int TensorProductPolynomials<dim>: :
compute n pols (const unsigned int n) { X _to the dim (const unsigned int x) {
unsigned int n pols = n; unsigned int y = 1;
for (unsigned int i=1; i<dim; ++1) { for (unsigned int d=0; d<dim; ++d) {
n pols *= (n+i); y *= X3
n pols /= (i+ 1); }
} return y;
return n pols; }

}

After template specialization and applying optimizations:

unsigned int PolynomialSpace<l>:: unsigned int TensorProductPolynomials<I>::

compute n pols(const unsigned int n) { x_to_the_dim(const unsigned 1int Xx) {
return n: return x;

} }




Follow | v

Did | mention our embedded engineers are
using C++177?

Are you an Embedded Software Engineer looking to drive
forwards? Our West of Ireland software hub is looking for a Senior
Engineer to help create the future of mobility.

#virtualisation #embeddedsoftware #SoftwareDevelopment ...

++

EMBEDDED C++ CONFERENCE
IN BOCHUM

emBO++ will take place from 14th to the 17th of March 2019 in Bochum, ruhr-

valley, Germany

GET YOUR TICKETS NOW!
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