AULA 2

Numeros e operacoes. Erros de arredondamento e de
truncatura. Graficos simples. Copia de objetos.
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Numeros inteiros

Plain int: 32 bits, representa os numeros inteiros:

-2t <N < +2°1 -1

A representacao é exata, dentro do alcance representado.

Operacoes entre inteiros dao, em geral, resultado inteiro. Em
PYTHON3, a divisao é tratada de forma especial:

2/3 >>0.66(6) (convertido em float)
2//3 >> 0 (divisao inteira)
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Numeros float

x =+m x 2¢°E

m mantissa (algarismos sinificativos)
e expoente, E viés (alcance)

m,e E € Z

Os numeros float representam um sub-conjunto dos racionais

Em 8 bytes (64 bits, 16 algarismos significativos): (para além do
“0” e do sinal)

— Min float: 2.2250738585072014e-308
— Max float: 1.7976931348623157e+308
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Operacoes aritméticas

Operacoes elementares: + - * /

Poténcia: **

Divisao inteira: //

As operacoes envolvem objetos (numeros) que podem ser de
tipo diferente. O tipo de resultado depende do tipo dos numeros

operados. Em geral o python da o resultado no tipo de maior
rank:

X=10 #inteiro
¥Y=2.5 #float
Z=X*Y #float
c=1+49 #complex (1+41i)
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Bigint (s para inteiros escalares)

In[102]: x=2**128

In[103]: x

Out[104]: 340282366920938463463374607431768211456
(inteiro de 128 bit)

Y=2**1280
(inteiro de 1280 bit)

Mas:
z=2.0**1280 #OVERFLOW error
a=np.array([10]);b=a**10000 #OVERFLOW error em numpy
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Erros

Overflow: fora do alcance

Erro de arredondamento:
In[116]: 1/3

Out[117]: 0.3333333333333333

Erro de truncatura: depende das aproximacdes do Codigo.

Instabilidade numeérica resulta da interacao entre o erro de
arredondamento e o erro de truncatura.
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Erros em funcgdes: V—2 = iV2

import math; import numpy

print((-2.)**0.5)
>>(8.659560562354934e-17+1.4142135623730951))
math.sqrt(-2.)

>>ValueError: math domain error

numpy .sqrt (-2.)

__main__:1: RuntimeWarning: invalid value encountered in sqrt
numpy .sqrt (-2+07)

>>1.4142135623730951;
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Exemplo: Resolver ay?+by+c=0

Parece facil:

_ —b++Vb?—4ac
Y= 2a
Mas se b? > 4ac ha problemas... Exemplo:

—y2 4+ 88550000y —1 =0
Solucdo exata (8 algarismos):

y, = 88550000
y, = 1.1293055 x 1078
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—y?% + 88550000y — 1 =0

from math import sqrt
a=-1.,;b=88550000. ;¢c=-1.;
yl=(-b-sqgrt (b*b-4*a*c))/ (2*a)
y2=(-b+sqgrt (b*b-4*a*c) )/ (2*a)
print('yl="',yl, 'y2=",y2)

Solucao:
y2= 88549999.99999999 y; = 88550000
yl= 1.4901161193847656e-08 |y, = 1.1293055x 107°

Erro de 30%!
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Formula alternativa

2C
Yy = —
—b FVb?2 — 4ac

yla=2*c/ (b+sqgrt (b*b-4*a*c))
y2a=2*c/ (b-sqgrt (b*b-4*a*c))
print('yl="',yla, 'y2="',y2a)

Solucgao:
yl= 67108864.0 { y, = 88550000
- -8
y2= 1.1293054771315643e-08 (Y2 = 1.1293055x10

Erro na outra raiz
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Solucao exata

from sympy import Symbol,solve

y=Symbol ('y")

a=-1.,;b=88550000. ;¢c=-1.;

solution=solve (a*y**2+b*y+c,y) #y: £(y)=0
print ('sympy solution=',6solution)

sympy solution= [1.12930547713156e-8,
88550000.0000000]

Laboratorio Numérico



sympy . solve; print formatado

from math import sqrt;from sympy import Symbol, solve;
y=Symbol ('y")

a=-1.;b=88550000. ;c=-1.;

yl=(-b-sqrt (b*b-4*a*c))/ (2*a)

y2=(-b+sqgrt (b*b-4*a*c) )/ (2*a)
print('yl=%18.9e y2=%18.9e' % (yl,vy2))
solution=solve (a*y**2+b*y+c,y)

print ('sympy solution=%18.9%e %$18.9e’ \

% (solution[0],solution[1l]))

>>yl= 8.855000000e+07 y2= 1.490116119e-08
sympy solution= 1.129305477e-08 8.855000000e+07
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Mais erros... perda de algarismos significativos
em operacgoes sucessivas

(x—1)7 =x7 —7x% + 21x°> — 35x* + 35x3 — 21x? + 7x — 1

le-54 (x-1) lee14 X7 =7x®+21x5 - 35x% + 35x% - 21x% + Tx - 1

L.5 1

1.0
L0 4

0.5 1

)5
0.0 1
1.0 1
-0.5
1.5 1
-1.0 1

T T T T T T T T T
20 -15 -10 -05 00 05 10 15 20 20 -15 -10 -05 00 05 10 15 2.0
le-8+1 le-8+1

Erro de 40 ordens de grandeza!
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Perda de algarismos significativos ...

(1-x) **7
9.977777777777777635e-01 1.000000000000000000e+00 2.676162024048363282e-19

KH*KT = THhg** G421 *x** 535k x**k4435%x**3-2] *x**24+T*x-1
Dbl oy EL

9.845477649127477582e-01 -6.907183651392328372e+00 -5.922635886479580947e+00
XH*KT = THhg** G421 *x**5

~5.922635886479580947e+00 2.076770140173639945e+01 1.484506551525681850e+01

KH*KT - ThR** G421 *x* X535 x k%44 35*x*k¥3-2] *x** 24T *x

~5.984444444444438460e+00 6.984444444444444677e+00 1.000000000000006217e+00
KH*KT - TrR* K G421 *x* X535 x k¥ 4435, x*¥*3-2] *x**2+T*x—-1

1.000000000000006217e+00 1.000000000000000000e+00 6.217248937900876626e-15
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Graficos e anotacoes

import matplotlib.pyplot as plt

import numpy as np

x=np.linspace (0.99999998,1.00000002,1001)

# x=np.arange(0.99999998,1.00000002+1e-11,4e-11)
fl=(x-1) **7

£2=x**7-"T*kx**x G421 *x**¥5-35*x**¥44+35%x**3-2] *x**24T*x-1
plt.close('all')

plt.subplot(1l,2,1)

plt.plot(x,£f1)

plt.title(r"$(x-1)*{7}$")

plt.subplot(1l,2,2)

plt.plot(x,£2)
plt.title(r"$x*{7}-7x*{6}+21x*{5}-35x*{4}+35x*{3}-
21x~{2}+7x-18")

plt.savefig('func.png')
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Copia de objetos
a=b vs a=copy (b)

import copy
a=[1,2,3]

d=copy.copy (a)
x=a;x[0]=10;d[0]=100

print('a=',a,'d=',d,'\n', 'x=",x)

>>a= [10, 2, 3] d= [100, 2, 3]
x= [10, 2, 3]
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list vs array

import numpy as np
b=[1.,2.,3.]

y=b*2 #b é& uma list
c=np.array (b)

z=c*2 #c é& um array

print('y=' IYI 'z=' lz)

>>y= [1.0, 2.0, 3.0, 1.0, 2.0, 3.0]
z= [2. 4. 6.]
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list vs array

import numpy as np
a=[1,2,3]

b=np.array (a)

a.append(7.) #s6 para list
c=np.array (a)

print(a,b,c)
>> [1, 2, 3, 7.0] [1 2 3] [1. 2. 3. 7.]
list array(int) array(float)

Laboratorio Numérico



