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... € o resultado!

double recip(int denom)
{

return 1.0/ (double) denom;

void do_nothing() {}
void testl (int denom)
{

double rl, r2;

int t1;

rl = recip (denom) ;

r2 = recip(denom*2-10) ;
tl = rl == r2;
do_nothing() ;

printf("testl tl: rl $f %c= r2 %f\n", rl,

}

int main()
{

int denom=10;

testl (denom) ;
test2 (denom) ;

}

tl ? '=' : "', r2);

void test2(int denom)

¢ double rl, r2; testl tl:
;?t=t§écip (denom) ; teStz t2 H

r2 = recip(denom*2-10) ;]

rl 0.100000 != r2 0.100000
rl 0.100000 == r2 0.100000

do_nothing() ;
t27= rl == r2;

printf("test2 t2: rl %f %c= r2 %£\n", ril,
}

€2 2 '=' ;1 r2);

Porqué?
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Problema 1...

double recip(int denom)
{ q q
return 1.0/ (double) denom; :‘I['nt maln()
void do_nothing() {} int denom=10;
void testl (int denom)
! gouble r1, r2; testl (denom) ;
aigs (=g .
rl = recip (denom) ; test2 (denom) ;
r2 = recip (denom*2-10) ; }
tl = rl == r2;
do _nothing() ;
printf("testl tl: rl $f %c= r2 %$£\n", rl, t1 2 '=' : '!' 6 r2);
}
void test2(int denom) Sera 1/10 sempre
{
double rl, r2; i
int ;" C iguala 1/10?
rl = recip (denom) ;
r2 = recip(denom*2-10) ;
do_nothing() ;
t2 = rl == r2;
printf("test2 t2: rl %f %c= r2 $f\n", rl, t2 ? '=' : '!' r2);
}
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Metodologia de
procura do possivel erro
 Erro no algoritmo?
» Erro na codificacdo?
» Erro na compilagéo? ... provavelmente...

entao:

— analisar o codigo gerado

— e procurar as diferengas que causaram a anomalia
» comparar codigo desmontado de

void test1(int denom) testl e test2 void test2(int denom)
{... {...
t1=r1==r2; do_nothing();
do_nothing(); t2=r1 ==r2;
printf(...); printf(...);
}
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Olhar de novo para o codigo...

double recip(int denom)
{ int main()

{

return 1.0/ (double) denom;

void do_nothing() {} int denom=10;

void testl (int denom)

{ .
double rl, r2; testl (denom) ;
int tl1; o
rl = recip(denom) ; test2 (denom) ;
r2 = recip(denom*2-10) ; }
tl = rl == r2;
do nothing() ;
printf("testl tl: rl %f %c= r2 %$f\n", rl, t1 ? '=' : '!', r2);

}

void test2 (int denom)

double rl, r2;

int t2;

rl = recip (denom) ;

r2 = recip (denom*2-10) ;
do_nothing() ;

t2 = rl == r2;

printf("test2 t2: rl %f %c= r2 %f\n", rl, t2 ? '=' 1Y, r2);
}
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Analise do cédigo
desmontado de test1 (1)
push %ebp
mov  %esp,%ebp bloco de arranque da fungao
sub $0x28,%esp
mov  %ebx,0xfffffffc(%ebp)
mov  0x8(%ebp),%ebx valor do arg recebido <denom> em %ebx
mov  %ebx,(%esp,1) topo da stack <- valor do arg <denom> para <recip>
lea  Oxfffffff6(%ebx,%ebx,1),%ebx o préximo arg (= denom + denom - 10)

call 401060 <_recip> calcula o reciproco de 10
mov  %ebx,(%esp,1) topo da stack <- o novo valor do arg para <recip>
fstpl 0x4(%esp,1) ri=val_ret: pop/sto %st(0) na mem (reduz a 64b); 2° arg p/ <printf>
call 401060 <_recip> calcula o novo reciproco (que é 10 outra vez)
fidl  0x4(%esp,1) recupera r1, i.e., push para %st(0) - valor de 64b -> 80b
fxch  %st(1) troca %st0 (r1) com %st1 (o novo reciproco)
fstl  0x10(%esp,1) r2=val_ret: store %st(0) na mem (reduz a 64b); 4° arg p/ <printf>
fucompp comparatpop os 2 reg, com r1(64b->80b) e r2(80b)
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00401000 < test1>.
401090 55

10¢
401091 89e5
401093: 83 ec 28
401096 89 5d fc
401099: 8b 5d 08
40109c: 89 1c 24
40109f: 8d5c1b 6
4010a3: 8 b8 ff ff ff
4010a8: 89 1c 24
4010ab: dd 5¢ 24 04
4010af: €8 ac ff ff ff
4010b4: dd 44 2404
4010b8: d9 c9
4010ba: dd 54 24 10
4010be: dae9
4010c0: df e0
4010c2: 9e
4010c3; 0f 9b c2
4010c6: 0f 94 c0
4010c9: 20 d0
4010cb: 0f b6 d8
4010ce: €89d ff ff i
4010d3: 7 04 24 75 10 40 00
4010da: 31c0
4010dc: 85 db
4010de: 0f 95 c0
4010e1: 48
4010e2: 83 €0 ed
4010e5: 830 3d
4010e8: 8944 24 0c
4010ec: €8 ff 04 00 00
4010f1 8b5d fc
4010f4: 89 ec
4010f6: 5d
4010f7: c3
4010f8 7465
4010fa: 7374
4010fc: 3220
4010fe: 7432
401100: 3a20
401102: 7231
401104: 20 25 66 20 25 63
40110a: 3d 20723220
40110f: 2566 0a 00 8d
401114 b6 00
401116: 0000
401118 00 &d be 27 00 00

Andlise do cédigo

desmontado de test1 (1)

push %ebp

mov %esp,%ebp

sub  $0x28.%esp

mov  %ebx,Oxifffffc(%ebp)
mov  0xB(%ebp) %ebx

mov %ebx,(%esp,1)

lea  Oxfii6(%ebx, %ebx, 1), %ebx

call 401060 < recip>
mov %ebx,(%esp,1)

fstpl Ox4(%esp,1)

call 401060 <_recip>
fidl 0x4(%esp,1)

fxch %st(1

fstl 0x10(%esp,1)

fucompp

fnstsw %ax

and  %dl,%al
movzbl %al,%ebx

call 401070<_ do_nothing-
movT~ $0x401075,(%esp, 1)

Xor  %eax %oeax

test %ebx%ebx

setne %al

dec %eax

and  SOxiiffied %eax

add  $0x3d %eax

mov  %eax,0xc(%esp,1)

call 40150 <_printf>
mov  Oxftifiic(%ebp) hebx
mov  %ebp,%esp
pop  %ebp
ret
Jo 40115f < test2+0x3f>
jae 401170 < test2+0x50>
Yor  (%eax) %ah
Jo 401132< test2+0x12>
cmp  (%eax)%ah
b 401135 < testz+0x15>
and  %ah,0x63252066
cmp  $0x20327220 %eax
and  S0xEd000a66, %heax
mov $0x0.%dh
add  %al,(%eax)
add  %cl.0x27bo(%ebp)
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Analise do cédigo

desmontado de test1 (2)

mov 0x8(%ebp),%ebx
mov  %ebx,(%esp,1)
0xfffffff6(%ebx,%ebx,1),%ebx
call 401060 <_recip>
mov %ebx,(%esp,1)
fstpl 0x4(%esp,1)

call 401060 <_recip>

lea

fldl

0x4(%esp,1)

fxch %st(1)

fstl

0x10(%esp,1)

fucompp
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Andlise do cédigo
desmontado de test2

call 401060 <_recip> ; calcula o reciproco de 10
mov %ebx,(%esp,1)
fstpl Ox4(%esp,1) ; guarda na mem o valor de ret da func
(r1 reduzido a 64b)
call 401060 <_recip> ; calcula o novo reciproco
(que neste caso é 10 outra vez)
fstpl 0x10(%esp,1) ; guarda tb na mem o valor retorno da fungéo

(r2 reduzido a 64b)
call 401070 <_do_nothing>

fldl  Ox4(%esp,1) ; recupera r1
fldl  0x10(%esp,1) ; recupera r2
movl $0x4010f8,(%esp,1)

fucompp ; compara r1:r2

(ambos ex-80b arredondados para 64b)
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Representacgao de reais

no IA32
Single-Precision Floating-Point
Sign—at  Exp. w. Fracon |
3130 2322 ™ implied Integer 0
Double-Precision Floating-Point
Sign—at| Exponent e Fraction |
6362 52 51 Implied Integer 0
Sign

* Double Extended-Precision Floating-Point
[l Exponent Ne_ Fraction |
7978 646362 Integer 0
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Andlise do cédigo:
conclusées

» detectada 1 diferenca fundamental:
— a comparacao em testl é feita entre

e rl, calcul ¢/ 80b, armazen c/ 64b, recup ¢/ ext a 80b
e r2, valor calculado e mantido em 80b

— e em test2: r1 e r2 sdo ambos 80b->64b->80b

— quando ocorre esta salvag autom de registos?
* nesta versédo do compilador, os valores em reg fp

sdo salvaguardados antes de invocar a fungao
 adiferenca é critica?

— sera se a representacédo binaria do valor (IEEE 754)
necessitar mais que os 64b da precisao dupla

— o valor decimal "0.1" necessita?...
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Analise da representagao binaria
do valor decimal "0.1"

*0.1,, = 0.0(0011), (valor normalizado)
— prec dupla estendida, 80b (frac com 63b + 1b):
+0.0(0011),%2° =

1.100110011001100110011001100110011001100110011001100110011001101%24

— prec dupla, de 80b arredond p/ 64b (frac com 52b + 1b):
«0.0(0011) 2*20

1.1001100110011001100110011001100110011001100110011010*2*

— de prec dupla 64b estend p/ 80b (£xac com 63b + 1b) :
«0.0(0011),%2° =

1.100110011001100110011001100110011001100110011001101000000000000%24
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