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Ultima aula:
@ mdédulos teis da biblioteca standard
Hoje:

@ moédulo sympy
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@ Instalacdo: na shell:

$ pip3 install sympy

e Para utilizar o sympy:

@ python

>>> from sympy import *
>>> x = Symbol('x')

>>> limit(sin(x)/x, x, 0)
1

>>> integrate(1l/x, x)
log(x)
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Computacdo simbdlica

@ Trata de objetos matematicos como simbolos
e em vez de niimeros

>>> import math
>>> math.sqrt(8)
2.82842712475

e podem ser representados de forma exata

>>> import sympy
>>> sympy.sqrt(8)
2*xsqrt (2)

e variaveis ndo avaliadas (numericamente) s3o tratadas com simbolos
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Diferenca entre calculo simbdlico e calculo numérico

o Exemplo:

>>> import math

>>> math.pi
3.141592653589793

>>> math.sin(math.pi)
1.2246467991473532e-16
>>> import sympy

>>> sympy.pi

pi

>>> sympy.sin(sympy.pi)
0
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Expressdes com simbolos

@ Expressdo x + 2y

>>> from sympy import symbols
>>> x, y = symbols('x y')
>>> expr = x + 2%y

>>> expr

X + 2%y

>>> expr + 1

X + 2%y + 1

>>> expr - X

2%y

>>> x*expr

x*x(x + 2xy)
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Computacdo simbdlica

Exemplos:
@ simplificacdo de expressdes
o calcular derivadas, integrais, limites
@ resolver equacdes
@ trabalhar com matrizes
@ pretty printing
@ equacgoes
e graficos

geracdo de codigo
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>>> from sympy import *

>>> x, t, z, nu = symbols('x t z nu')

>>> init_printing(use_unicode=True) # pretty print with unicode characters
>>> diff (sin(x)*exp(x), x) # take the derivative of sin(z) exp(z)

X x

e sin(x) + e cos(x)

>>> integrate(exp(x)*sin(x) + exp(x)*cos(x), x)

b3

e sin(x)
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OperacGes elementares

@ Simbolos — tal como variaveis em Python tém de estar definidos:

>>> from sympy import *
>>> x + 1
Traceback (most recent call last):

NameError: name is not defined
>>> x = symbols('x')
>>> x + 1

x + 1

X

@ Podemos definir varios simbolos de forma conveniente:

>>> x, y, z = symbols('x y z')

o Note a diferenca entre simbolo e a varidvel que se refere a ele

>>> a, b = symbols('b a')
>>> a

b

>>> b

a
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lgualdade e comparagdo

@ Sintaxe semelhante & do Python na atribuicdo e comparacdo

>>> x + 1 == 4
False

e lgualdade "simbdlica"

>>> Eq(x + 1, 4)
Eq(x + 1, 4)
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@ Comparacio ndo considera simplificacdo de expressdes:

>>> (x + 1)*%2 == x**2 + 2%x + 1
False

o Para verificarmos igualdade de expressdes:

>>> a = (x + 1)*x2

>>> b = x*¥2 + 2kx + 1
>>> simplify(a - b)

0

o Outra forma:

>>> a = cos(x)**2 - sin(x)**2
>>> b = cos(2#x)

>>> a.equals(b)

True
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Substituicdo

@ Alteracdo do nome de variaveis; avaliacio:

>>> from sympy import *

>>> x, y, z = symbols("x y z")

>>> expr = cos(x) + 1

>>> expr.subs(x, y)

cos(y) + 1

>>> expr.subs(x, 0) # evaluate expression a =0
2

@ Construcio de expressdes mais complexas

>>> expr = X¥*y

>>> expr

XHKY

>>> expr = expr.subs(y, x**y)
>>> expr

Xk (kKy)

>>> expr = expr.subs(y, x**x)
>>> expr

ook (ko (Xkx) )

@ Nota: objetos Sympy sdo imutaveis
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Conversdo de strings para expressdes

@ sympify
>>> str_expr = "x**2 + 3xx - 1/2"
>>> expr = sympify(str_expr)
>>> expr

X**2 + 3kx - 1/2
>>> expr.subs(x, 2)
19/2

@ Avaliacdo numeérica: evalf

>>> expr = sqrt(8)
>>> expr.evalf ()
2.82842712474619

@ Sympy trabalha com precis3o arbitraria:

>>> pi.evalf (100)
3.1415926535897932384626433832795028841971693993751058209749445923078164062862
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lambdify

@ Podemos converter expressdes Sympy para expressdes Python, que
podem ser avaliada numericamente:

>>> expr = sin(x)

>>> f = lambdify(x, expr, "math") # using math.sin

>>> £(0.1)

0.0998334166468

>>> import numpy

>>> a = numpy.arange(10)

>>> f = lambdify(x, expr, '"numpy") # using numpy.sin

>>> f(a)

[o. 0.84147098 0.90929743 0.14112001 -0.7568025 -0.95892427
-0.2794155 0.6569866 0.98935825 0.41211849]
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Impressdo

o Expressbes podem ser convertidas para diversos formatos de impressdo

@ Em ciéncia, um dos mais utilizados é Latex:

>>> print(latex(Integral(sqrt(1/x), x)))

\int \sqrt{\frac{1}{x}}\, dx
1
y/ﬁ\/dx
X
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Simplificacdo

@ Forma conveniente:

>>> simplify(sin(x)**2 + cos(x)*%*2)

1

>>> simplify ((x**3 + x#*2 - x - 1)/(x**2 + 2%x + 1))
x -1

>>> simplify(factorial(x)/factorial(x-2))

x (x - 1)

>>>

o Ha formas mais especificas, eg:

>>> expand((x + 1)*%2)
Xk*2 + 2kx + 1
>>> expand((cos(x) + sin(x))**2)
2 2
sin (x) + 2 sin(x) cos(x) + cos (x)
>>> print(latex(expand((cos(x) + sin(x))**2)))
\sin~{2}{\left(x \right)} + 2 \sin{\left(x \right)} \cos{\left(x \right)} + \c

sin? (x) + 25sin (x) cos (x) + cos? (x)

>>> factor(x**3 - x**2 + x - 1)
(x - D)*(x**2 + 1)
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Tipos de simplificacdo

polinomial /racional
expand / factor / collect / cancel / ...
@ trigonométrica
trigsimp / expand_trig / ...
@ poténcias
powsimp / expand_power_exp / expand_power_base / ...
@ exponenciais e logaritmos
expand_log / logcombine

funcdes especiais
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Calculo

@ Derivadas:

>>> from sympy import *

>>> x, y, z = symbols('x y z')
>>> diff (x**4, x)

4xxx*3

>>> diff (x**4, x, 3)

24 x

o Integrais:

>>> integrate(cos(x), x)

sin(x)

>>> integrate(exp(-x), (x, 0, 00))
1

@ Limites:

>>> limit(sin(x)/x, x, 0)
1

@ Expans3o de séries
@ Diferencas finitas

o ...
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Resolucdo de equacdes

@ Conjunto de solu¢cées

>>> solveset (Eq(x**2, 1), x)

{-1, 1}

>>> solveset(Eq(x**2 - 1, 0), x)
{-1, 1}

>>> golveset (x**2 - 1, x)

{-1, 1%}

@ Resolucdo algébrica
o Equacdes diferenciais
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@ Manipulagdo simbdlica

e Complemento a NumPy

>>> M = Matrix([[1, 3], [-2, 311)

>>> N = Matrix([[0, 3], [0, 7]11)

>>> print(latex(M + N))

\left[\begin{matrix}1 & 6\\-2 & 10\end{matrix}\right]

= )
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Aula de hoje:

o SymPy Tutorial
https://docs.sympy.org/latest/tutorial/index.html

V.

Préoxima aula

@ N3o ha préxima aulal

@ Exame: em que dia? a que horas? onde?
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