
1

Carnegie MellonCarnegie Mellon



2

Carnegie Mellon



3

Carnegie Mellon

gcc –Og -S

gcc as

gcc  ld

p1.c p2.c

p1.s p2.s

p1.o p2.o

p

.a

▪ p1.c p2.c

▪ gcc –Og p1.c p2.c -o p
▪ -Og
▪ p
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⬛

▪
▪
▪ %rsp

▪

⬛
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⬛

⬛

⬛

⬛
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⬛

▪
%rax …

▪
%rsp

▪

%rip …
▪

%rip

CF ZF SF OF

%rsp

%r8

%r9

%r10

%r11

%r12

%r13

%r14

%r15

%rax

%rbx

%rcx

%rdx

%rsi

%rdi

%rbp
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⬛

▪
▪

⬛

addq ↔ t = a+b

t == 0

t < 0

(a>0 && b>0 && t<0) || (a<0 && b<0 && t>=0)

⬛ leaq
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1xxxxxxxxxxxx...

1xxxxxxxxxxxx...+
xxxxxxxxxxxxx...1
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yxxxxxxxxxxxx...

yxxxxxxxxxxxx...+
1xxxxxxxxxxxx...
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yxxxxxxxxxxxx...

yxxxxxxxxxxxx...+
zxxxxxxxxxxxx...

z = ~y
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000000000000…00000000000
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⬛

▪cmpq
▪cmpq b,a a-b

▪
▪ a == b

▪ (a-b) < 0

▪
(a>0 && b<0 && (a-b)<0) || (a<0 && b>0 && (a-b)>0)
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⬛

▪testq
▪testq b,a a&b

▪
▪

▪ a&b == 0

▪ a&b < 0

    testq  %rax,%rax
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⬛

▪

▪

sete ZF

setne ~ZF

sets SF

setns ~SF

setg ~(SF^OF)&~ZF

setge ~(SF^OF)

setl (SF^OF)

setle (SF^OF)|ZF

seta ~CF&~ZF

setb CF
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%rsp

▪

%al

%bl

%cl

%dl

%sil

%dil

%spl

%bpl

%r8b

%r9b

%r10b

%r11b

%r12b

%r13b

%r14b

%r15b

%r8

%r9

%r10

%r11

%r12

%r13

%r14

%r15

%rax

%rbx

%rcx

%rdx

%rsi

%rdi

%rbp
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 cmpq   %rsi, %rdi   # Compare x:y
setg   %al          # Set when >
movzbl %al, %eax    # Zero rest of %rax

ret

⬛

▪

⬛

▪
▪ movzbl

▪
int gt (long x, long y)
{
  return x > y;
}

%rdi x

%rsi y

%rax
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 cmpq   %rsi, %rdi   # Compare x:y
setg   %al          # Set when >
movzbl %al, %eax    # Zero rest of %rax

ret

⬛

▪

⬛

▪
▪ movzbl

▪
int gt (long x, long y)
{
  return x > y;
}

%rdi x

%rsi y

%rax

movzbl

movzbl %al, %eax

%eax %al%rax 0x000000 %al%rax0x00000000 0x000000 %al
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⬛

⬛

⬛

⬛
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⬛

▪

jmp 1

je ZF

jne ~ZF

js SF

jns ~SF

jg ~(SF^OF)&~ZF

jge ~(SF^OF)

jl (SF^OF)

jle (SF^OF)|ZF

ja ~CF&~ZF

jb CF
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long absdiff
  (long x, long y)
{
  long result;
  if (x > y)
    result = x-y;
  else
    result = y-x;
  return result;
}

absdiff:
   cmpq    %rsi, %rdi  # x:y
   jle     .L4
   movq    %rdi, %rax
   subq    %rsi, %rax
   ret
.L4:       # x <= y
   movq    %rsi, %rax
   subq    %rdi, %rax
   ret

⬛

shark> gcc –Og -S –fno-if-conversion control.c

%rdi x

%rsi y

%rax
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long absdiff
  (long x, long y)
{
  long result;
  if (x > y)
    result = x-y;
  else
    result = y-x;
  return result;
}

absdiff:
   cmpq    %rsi, %rdi  # x:y
   jle     .L4
   movq    %rdi, %rax
   subq    %rsi, %rax
   ret
.L4:       # x <= y
   movq    %rsi, %rax
   subq    %rdi, %rax
   ret

⬛

shark> gcc –Og -S –fno-if-conversion control.c

%rdi x

%rsi y

%rax
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long absdiff
  (long x, long y)
{
    long result;
    if (x > y)
        result = x-y;
    else
        result = y-x;
    return result;
}

⬛ goto
⬛

long absdiff_j
  (long x, long y)
{
    long result;
    int ntest = x <= y;
    if (ntest) goto Else;
    result = x-y;
    goto Done;
 Else:
    result = y-x;
 Done:
    return result;
}
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val =  ?  : ;

ntest = ! ;
if (ntest) goto Else;
val = ;

  goto Done;
Else:
  val = ;
Done:

. . .

▪

▪

val = x>y ? x-y : y-x;
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val =  
   ?  
   : ;

result = ;
  eval = ;
  nt = ! ;
  if (nt) result = eval;
  return result;

⬛

▪
←

▪
▪
▪

⬛

▪

▪
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absdiff:
   movq    %rdi, %rax  # x
   subq    %rsi, %rax  # result = x-y
   movq    %rsi, %rdx
   subq    %rdi, %rdx  # eval = y-x
   cmpq    %rsi, %rdi  # x:y
   cmovle  %rdx, %rax  # if <=, result = eval
   ret

long absdiff
  (long x, long y)
{
    long result;
    if (x > y)
        result = x-y;
    else
        result = y-x;
    return result;
}

%rdi x

%rsi y

%rax
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⬛

⬛

val = Test(x) ? Hard1(x) : Hard2(x);

⬛

⬛

val = p ? *p : 0;

⬛

⬛

val = x > 0 ? x*=7 : x+=3;
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xor    %rax, %rax
sub    $1, %rax 
cmp    $2, %rax
setl   %al
movzbl %al, %eax

%rax SF CF OF ZF
0x0000 0000 0000 0000 0 0 0 1

0xFFFF FFFF FFFF FFFF 1 1 0 0

0xFFFF FFFF FFFF FFFF 1 0 0 0

0xFFFF FFFF FFFF FF01 1 0 0 0

0x0000 0000 0000 0001 1 0 0 0
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xor    %rax, %rax
sub    $1, %rax 
cmp    $2, %rax
setl   %al
movzbl %al, %eax

%rax SF CF OF ZF
0x0000 0000 0000 0000 0 0 0 1

0xFFFF FFFF FFFF FFFF 1 1 0 0

0xFFFF FFFF FFFF FFFF 1 0 0 0

0xFFFF FFFF FFFF FF01 1 0 0 0

0x0000 0000 0000 0001 1 0 0 0
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⬛

⬛

⬛
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long pcount_do
  (unsigned long x) {
  long result = 0;
  do {
    result += x & 0x1;
    x >>= 1;
  } while (x);
  return result;
}

long pcount_goto
  (unsigned long x) {
  long result = 0;
 loop:
  result += x & 0x1;
  x >>= 1;
  if(x) goto loop;
  return result;
}

⬛ x
⬛
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 movl    $0, %eax #  result = 0
.L2: # loop:
   movq    %rdi, %rdx
   andl    $1, %edx #  t = x & 0x1
   addq    %rdx, %rax #  result += t
   shrq    %rdi #  x >>= 1
   jne     .L2 #  if (x) goto loop
   rep; ret

long pcount_goto
  (unsigned long x) {
  long result = 0;
 loop:
  result += x & 0x1;
  x >>= 1;
  if(x) goto loop;
  return result;
}

%rdi x

%rax result
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do 
  
  while ( );

loop:
  
  if ( )
    goto loop

⬛ {
  Statement1;
  Statement2;
    …
  Statementn;
}
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while ( )
  

⬛

⬛ -Og

  goto test;
loop:
  
test:
  if ( )
    goto loop;
done:
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long pcount_while
  (unsigned long x) {
  long result = 0;
  while (x) {
    result += x & 0x1;
    x >>= 1;
  }
  return result;
}

long pcount_goto_jtm
  (unsigned long x) {
  long result = 0;
  goto test;
 loop:
  result += x & 0x1;
  x >>= 1;
 test:
  if(x) goto loop;
  return result;
}

⬛

⬛
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while ( )
  

  if (! ) 
    goto done;
  do
    
    while( );
done:

⬛

⬛ –O1

  if (! )
    goto done;
loop:
  
  if ( )
    goto loop;
done:
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long pcount_while
  (unsigned long x) {
  long result = 0;
  while (x) {
    result += x & 0x1;
    x >>= 1;
  }
  return result;
}

long pcount_goto_dw
  (unsigned long x) {
  long result = 0;
  if (!x) goto done;
 loop:
  result += x & 0x1;
  x >>= 1;
  if(x) goto loop;
 done:
  return result;
}

⬛

⬛
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for (Init; Test; Update )
    Body

#define WSIZE 8*sizeof(int)
long pcount_for
  (unsigned long x)
{
  size_t i;
  long result = 0;
  for (i = 0; i < WSIZE; i++)
  {
    unsigned bit = 
      (x >> i) & 0x1;
    result += bit;
  }
  return result;
}

i = 0

i < WSIZE

i++

{
  unsigned bit =
     (x >> i) & 0x1;
  result += bit;
}
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→

for ( ; ;  )
    

;

while ( ) {

    

    ;

}
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long pcount_for_while
  (unsigned long x)
{
  size_t i;
  long result = 0;
  i = 0;
  while (i < WSIZE)
  {
    unsigned bit = 
      (x >> i) & 0x1;
    result += bit;
    i++;
  }
  return result;
}

i = 0

i < WSIZE

i++

{
  unsigned bit =
     (x >> i) & 0x1;
  result += bit;
}



40

Carnegie Mellon

⬛

long pcount_for
  (unsigned long x)
{
  size_t i;
  long result = 0;
  for (i = 0; i < WSIZE; i++)
  {
    unsigned bit = 
      (x >> i) & 0x1;
    result += bit;
  }
  return result;
}

long pcount_for_goto_dw
  (unsigned long x) {
  size_t i;
  long result = 0;
  i = 0;
  if (!(i < WSIZE))
    goto done;
 loop:
  {
    unsigned bit = 
      (x >> i) & 0x1;
    result += bit;
  }
  i++;
  if (i < WSIZE)
    goto loop;
 done:
  return result;
}

!
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⬛

⬛

⬛

⬛
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⬛

▪
⬛

▪
⬛

▪

long switch_eg
   (long x, long y, long z)
{
    long w = 1;
    switch(x) {
    case 1:
        w = y*z;
        break;
    case 2:
        w = y/z;
        /* Fall Through */
    case 3:
        w += z;
        break;
    case 5:
    case 6:
        w -= z;
        break;
    default:
        w = 2;
    }
    return w;
}
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Targ0:

Targ1:

Targ2:

Targn-1:

•
•
•

Targ0

Targ1

Targ2

Targn-1

•
•
•

jtab:

goto *JTab[x];

switch(x) {
  case val_0:
    
  case val_1:
    
    • • •
  case val_n-1:
    
}
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long switch_eg(long x, long y, long z)
{
    long w = 1;
    switch(x) {
      . . .
    }
    return w;
}

switch_eg:
    movq    %rdx, %rcx
    cmpq    $6, %rdi   # x:6
    ja      .L8
    jmp     *.L4(,%rdi,8)

w

%rdi x

%rsi y

%rdx z

%rax
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long switch_eg(long x, long y, long z)
{
    long w = 1;
    switch(x) {
      . . .
    }
    return w;
}

.section .rodata
.align 8

.L4:
.quad .L8 # x = 0
.quad .L3 # x = 1
.quad .L5 # x = 2
.quad .L9 # x = 3
.quad .L8 # x = 4
.quad .L7 # x = 5
.quad .L7 # x = 6

switch_eg:
    movq    %rdx, %rcx
    cmpq    $6, %rdi      # x:6
    ja      .L8           # Use default
    jmp     *.L4(,%rdi,8) # goto *JTab[x]
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⬛

▪
▪ .L4

⬛

▪ jmp .L8

▪ .L8

▪ jmp *.L4(,%rdi,8)

▪ .L4

▪
▪ .L4 + x*8

▪ ≤ x ≤

.section .rodata
.align 8

.L4:
.quad .L8 # x = 0
.quad .L3 # x = 1
.quad .L5 # x = 2
.quad .L9 # x = 3
.quad .L8 # x = 4
.quad .L7 # x = 5
.quad .L7 # x = 6
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.section .rodata
.align 8

.L4:
.quad .L8 # x = 0
.quad .L3 # x = 1
.quad .L5 # x = 2
.quad .L9 # x = 3
.quad .L8 # x = 4
.quad .L7 # x = 5
.quad .L7 # x = 6

    switch(x) {
    case 1:      // .L3
        w = y*z;
        break;
    case 2:      // .L5
        w = y/z;
        /* Fall Through */
    case 3:      // .L9
        w += z;
        break;
    case 5:
    case 6:      // .L7
        w -= z;
        break;
    default:     // .L8
        w = 2;
    }
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.L3:
   movq    %rsi, %rax  # y
   imulq   %rdx, %rax  # y*z
   ret

  switch(x) {
  case 1:   // .L3
        w = y*z;
        break;
   . . .
}

%rdi x

%rsi y

%rdx z

%rax
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    long w = 1;
. . .

    switch(x) {
 . . .
    case 2:
        w = y/z;
        /* Fall Through */
    case 3:
        w += z;
        break;
 . . .
    }

case 3:
        w = 1;
   

    case 2:
        w = y/z;
        goto merge;

merge:
        w += z;
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.L5:                  # Case 2
   movq    %rsi, %rax
   cqto
   idivq   %rcx       #  y/z
   jmp     .L6        #  goto merge
.L9:                  # Case 3
   movl    $1, %eax   #  w = 1
.L6:                  # merge:
   addq    %rcx, %rax #  w += z
   ret

    long w = 1;
. . .

    switch(x) {
 . . .
    case 2:
        w = y/z;
        /* Fall Through */
    case 3:
        w += z;
        break;
 . . .
    }

%rdi x

%rsi y

%rdx z

%rax
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.L7:               # Case 5,6
  movl  $1, %eax   #  w = 1
  subq  %rdx, %rax #  w -= z
  ret
.L8:               # Default:
  movl  $2, %eax   #  2
  ret

  switch(x) {
    . . .
    case 5:  // .L7
    case 6:  // .L7
        w -= z;
        break;
    default: // .L8
        w = 2; 
}

%rdi x

%rsi y

%rdx z

%rax
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⬛

▪
▪
▪
▪

⬛

▪
▪
▪
▪

⬛

▪
▪
▪
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⬛

▪
▪
▪
▪

⬛

▪
▪
▪
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   00000000004005e0 <switch_eg>:
  4005e0:       48 89 d1                mov    %rdx,%rcx
  4005e3:       48 83 ff 06             cmp    $0x6,%rdi
  4005e7:       77 2b                   ja     400614 <switch_eg+0x34>
  4005e9:       ff 24 fd f0 07 40 00    jmpq   *0x4007f0(,%rdi,8)
  4005f0:       48 89 f0                mov    %rsi,%rax
  4005f3:       48 0f af c2             imul   %rdx,%rax
  4005f7:       c3                      retq
  4005f8:       48 89 f0                mov    %rsi,%rax
  4005fb:       48 99                   cqto
  4005fd:       48 f7 f9                idiv   %rcx
  400600:       eb 05                   jmp    400607 <switch_eg+0x27>
  400602:       b8 01 00 00 00          mov    $0x1,%eax
  400607:       48 01 c8                add    %rcx,%rax
  40060a:       c3                      retq
  40060b:       b8 01 00 00 00          mov    $0x1,%eax
  400610:       48 29 d0                sub    %rdx,%rax
  400613:       c3                      retq
  400614:       b8 02 00 00 00          mov    $0x2,%eax
  400619:       c3                      retq
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   00000000004005e0 <switch_eg>:
  . . .
  4005e9:       ff 24 fd f0 07 40 00    jmpq   *0x4007f0(,%rdi,8)
  . . .

 % gdb switch
(gdb) x /8xg 0x4007f0
0x4007f0:       0x0000000000400614      0x00000000004005f0
0x400800:       0x00000000004005f8      0x0000000000400602
0x400810:       0x0000000000400614      0x000000000040060b
0x400820:       0x000000000040060b      0x2c646c25203d2078
(gdb) 
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 % gdb switch
(gdb) x /8xg 0x4007f0
0x4007f0:       0x0000000000400614      0x00000000004005f0
0x400800:       0x00000000004005f8      0x0000000000400602
0x400810:       0x0000000000400614      0x000000000040060b
0x400820:       0x000000000040060b      0x2c646c25203d2078

  . . .
  4005f0:       48 89 f0                mov    %rsi,%rax
  4005f3:       48 0f af c2             imul   %rdx,%rax
  4005f7:       c3                      retq
  4005f8:       48 89 f0                mov    %rsi,%rax
  4005fb:       48 99                   cqto
  4005fd:       48 f7 f9                idiv   %rcx
  400600:       eb 05                   jmp    400607 <switch_eg+0x27>
  400602:       b8 01 00 00 00          mov    $0x1,%eax
  400607:       48 01 c8                add    %rcx,%rax
  40060a:       c3                      retq
  40060b:       b8 01 00 00 00          mov    $0x1,%eax
  400610:       48 29 d0                sub    %rdx,%rax
  400613:       c3                      retq
  400614:       b8 02 00 00 00          mov    $0x2,%eax
  400619:       c3                      retq


