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main(){ main(){
float x, y, z; float t;
int 1ij; int 1i;
X =1; for (1 = 1; 1 <= 20; i++){
y = (sgrt(5) - 1)/2; t = t*(sqrt(5)-1)/2
for (1 = 1; 1 <= 20; 1++){ printf(“phiA%d=%f\n”,1,x);
Z = X; }
X = VY; ks
y=2-Y,;
printf(“phiA%d=%f\n”,1,x);
ks
3
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main(){
float x, vy, z;

int 1;

x = 1;

y = (sqrt(5) - 1)/2;

for (1 =1; 1 <= 20; 1++){

Z = X;
X =Y,
Yy =12-Y;

printf(“phiA%d=%f\n”,1,x);

0

L_

B

J

0.618034

phi® | 0.618034
phi’2 0.381966 0.381966
phi”3 0.236068 0.236068
phi*4 0.145898 0.145898
phi?5 0.090170 0.090170
phi*6 0.055728 0.055728
phi*7 0.034442 0.034442
phi"8 0.021286 0.021286
phi*9 0.013156 0.013156
phi* 10 0.008130 0.008131
phi*l | 0.005026 0.005025
phi* 2 0.003103 0.003106
phi* 3 0.001923 0.001919
phi* 14 0.001180 0.001186
phi* 5 0.000743 0.000733
phi* 6 0.000437 0.000453
phi* 7 0.000306 0.000280
phi* I8 0.000131 0.000173
phi* 19 0.000176 0.000107
phi*20 -0.000045 0.000066

main(){
float t;

int 1;

for (1 = 1; 1 <= 20; 1++){
t = t*(sgrt(5)-1)/2
printf(“phiA%d=%f\n”,1,x);
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int main()§ int main()§ int main()§
double x, a; double X, a; double X, a;
double vy, z, f; float y, z, f; float y, z, f;
X = 1125899973951488.0; X = 1125899973951488.0; X = 1125899973951487.0;
a =1.0; a =1.0; a =1.0;
y = (x+a); y = (x+a); y = (x+a);
z = (x-a); z = (x-a); z = (x-a);
f=y-z f=y-z f=y-2z
printf("%f\n", f); printf("%f\n", f); printf("%f\n", f);
} } }
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double x, a; double X, a; double X, a;
double vy, z, f; float y, z, f; float y, z, f;
X = 1125899973951488.0; X = 1125899973951488.0; X = 1125899973951487.0;
a =1.0; a =1.0; a =1.0;
y = (x+a); y = (x+a); y = (x+a);
z = (x-a); z = (x-a); z = (x-a);
f=y-z f=y-z f=y-2z
printf("%f\n", f); printf("%f\n", f); printf("%f\n", f);
} } }
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int main()§ int main()§ int main()§
double x, a; double X, a; double X, a;
double vy, z, f; float y, z, f; float y, z, f;
X = 1125899973951488.0; X = 1125899973951488.0; X = 1125899973951487.0;
a =1.0; a =1.0; a =1.0;
y = (x+a); y = (x+a); y = (x+a);
z = (x-a); z = (x-a); z = (x-a);
f=y-z f=y-z f=y-2z
printf("%f\n", f); printf("%f\n", f); printf("%f\n", f);
} ; }
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int main()§ int main()§ int main()§
double x, a; double X, a; double X, a;
double vy, z, f; float y, z, f; float y, z, f;
X = 1125899973951488.0; X = 1125899973951488.0; X = 1125899973951487.0;
a =1.0; a =1.0; a =1.0;
y = (x+a); y = (x+a); y = (x+a);
z = (x-a); z = (x-a); z = (x-a);
f=y-z f=y-z f=y-2z
printf("%f\n", f); printf("%f\n", f); printf("%f\n", f);
} ; }
2.0 134217728.0 0.0
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e Zt11) floating slash, signed logarithm
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o [3:7]|5(base),p : TE XAt (precision)

® dd..d:7}=(significand), e : X|<=(exponent)

[ ::dO.dldQ * et dp_l X /66 (O < d; < B, emin < €< emaa:)

e 0i)O0.]

e 1.00x 1071 (B=10,p =3)
e 1.100110x2™% (B=2,p=7)
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Format
Parameter
Single Single-Extended Double Double-Extended
b 24 32 53 64
max exp +127 +1023 +1023 >16383
min exp -126 <-1022 -1022 <-16382
exp width 8 <II |l |5
format width 32 43 64 79




Normalized Number
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Rounding Modes

double pi = 3.141592

O
I/ \
!
3.14159179 3.14159203

round toward +o0 : =&
round toward -00 : LHZ
round toward O : B{ &l

round toward nearest : HI=El



Rounding Modes

double pi = 3.141592

e

3.14159179 3.14159203

round toward +oo : = El

round toward -o0 : LH Z
F(2.5) = 2
r(-2.5) = -2

round toward O : B{ &l

round toward nearest : HI=El
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e O: 215 x 10" —1.25 x 10™°

r = 2.1500000000000000000 x 1
Y 0.0000000000000000125 x 1
r—y = 2.1499999999999999875 x 1

—  2.15 x 1012




A AR
€ = Cmin — 1 f = () +0
e = €min — 1 f#0 | 0.f x 26min
Cmin S € S Cmazx - 1f X 2°
e = €mar + 1 f=0 +00
e = €mar + 1 f#0 NaN




NaN

® Not a Number

o S/tZTI7}F NaNO|H = ES5ZTT NaN

A4 NaN 7

+ 00 + (—00)

X 0 X oo

/ 0/0, oo/oc

70 %0, oo %y
v~ | vz (when z <0)
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Denormalized Number
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Denormalized Number

e 0i]) Normalized number2t A[Z 35}

® 6 — 10,]): Saemin = 98
r=6.87 x 10777y =6.81 x 10777

L —Y = 0.0 X 10_99 TN




Denormalized Number

e 0i]) Normalized number2t A[Z 35}

® 6 — 10,]): Saemin = 98
r=6.87 x 10777y =6.81 x 10777

if(x 1= y)
z = 1/(x-y);
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Denormalized Number
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e OfOfSh

ifloat q = 3.0/7.0;

[if(q == 3.0/7.0){ |
i printf(“equal”);
tlelsef ;
I printf(“not equal”); i
K |

24



ifloat q = 3.0/7.0;

[if(q == 3.0/7.0){ |
i printf(“equal”);
tlelsef ;
I printf(“not equal”); i
K |

$./a.out
not equal
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int main()§ int main()§ int main()§
double x, a; double X, a; double X, a;
double vy, z, f; float y, z, f; float y, z, f;
X = 1125899973951488.0; X = 1125899973951488.0; X = 1125899973951487.0;
a =1.0; a =1.0; a =1.0;
y = (x+a); y = (x+a); y = (x+a);
z = (x-a); z = (x-a); z = (x-a);
f=y-z f=y-z f=y-2z
printf("%f\n", f); printf("%f\n", f); printf("%f\n", f);
} } }
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e O|F
e Float : 24 bit 72 <A}

e Double :53 bit 7= A}

exp p
53

/'\ \I

|
double | — |
8 'L 24
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float |




int main()§

double x;
X = 1125899973951488.0;
prin’rF(“%F\n", f);

}
112,589,973,951,488
int main(){ int main(){ int main(){
float x; float x; float x;
X = 112589973951487.0; X = 112589973951488.0; X = 112589973951489.0;
printf("%f\n", f); printf(*%f\n", f); printf("%f\n", f);
} } }

1,125,899,906,842,624 1,125,899,906,842,624 << 1,125,900,041,060,352
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: APRON*

*http://apron.criensmp.fr


http://apron.cri.ensmp.fr
http://apron.cri.ensmp.fr

let
let
let
let
let

3. 1415926 in_ S

S =

1 = Mpfr.ini1t2 24 In

u = Mpfr.init2 24 1in

ub = Mpfr.set_str x s Mpfr.up 1in

lb = Mpfr.set_str x s Mpfr.down 1n
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® David Goldberg. What every computer scientist
should know about floating-point arithmetic, ACM

Computing Surveys. |99 |

® Eric Goubault. Static analysis of floating-point
operations. SASO/

® W.Kahan. IEEE Standard 754 for Binary floating-
Point Arithmetic, Lecture Notes on the Status of IEEE

/54. 1995
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® B. Jeannet and A. Mine. APRON:A library of
numerical abstract domains for static analysis.
CAV'09

® http://apron.criensmp.fr/
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