Aula 6

Resolucao de sistemas de equacoes lineares:
Meétodo de Gauss.
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Resolver

(10x; + 2x, +x3 = 1
S 5x1 + 2%y, +x3 =2
L X1+XZ+X3=1

Método:

Modificando progressivamente o sistema com transformacoes
equivalentes:

(a) Substituindo uma equacao por uma sua combinacao linear
com outra

(b) Trocando equacoes
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algoritmo

Usar equacgao (1) para eliminar x4:
( 10x; + 2%, +x3 =1

1
(5x1 + 2x, + x5 = 2)—5(10x1+2x2 +x3=1) 0+ x, +0.5x;3 =1.5
10x; +2x, + x3 =1

10

Do mesmo modo usa-se a nova equacao (2) para eliminar x, na equacao (3).
Resultado: (matriz triangular superior)

10x1 + sz + X3 = 1
0+ X9 + O.SX3 =1.5
040+ 0.5x; =03

O sistema obtido pode ser resolvido debaixo para cima por substituicao.

A

\ (x1+x2 +x3=1)— @O+O8X2+09X3=09
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Algoritmo de eliminacao de Gauss (M = N)

12 Passo (eliminacao)

Transformar o sistema Ax = b, no sistema equivalente Ux = ¢,
onde U € uma matriz triangular superior, i.e.:

(U117 U122 0 Wn | [X1]  [C€1]
O Uy - uUn||X2| _|C2
| 0 0 - unn][xn. LCN
292 passo, resolver de baixo para cima (backsubstitution):
Cn
Xy = —,etc ...
UNN
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Eliminacao

Deixa-se a 12 linha sem modificacao.

Usa-se a 12 linha para eliminar todos os coeficientes da 12 coluna nas linhas
abaixo (2,...N). Para a linha 2 serd
21 —p
——(a11x1 + a12x + -+ a;nxy = by)

aii
_|_

(az1%1 + Az%; + -+ axyxy = by)

azq azq
O+<a22_ >X2+°°'=b2——b1
a110Q22 aiq

Usa-se a nova linha 2 para eliminar ay,, k = 3, etc ... até chegar ao fim.
S6 funciona se em cada linha k usada para a eliminagao se tiver a;, # 0.
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gaussElim (preliminares)

def gaussElim(M,d) :

A=np.copy (M) ; b=np.copy(d) #Preserva M,d

x=np . zeros (b. shape)

Ash=A.shape

n=Ash[0] #n° linhas de A

n2=Ash[l] #n° colunas de A

Bsh=Db. shape

n3=Bsh[0] #n° termos de b

if n'=n2 or n3!=n or len(Bsh)'!=1 or len(Ash)'!'=2:
print ('Erro de dimensao')
x=float('nan')

return x
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gaussElim

def gaussElim(M,d):
(...)
for k in range(0,n-1):
if A[k,k]==0:
x=float('nan')
return x
for j in range(k+l,n): #elimination
e=A[]j,k]/A[k, k]
for m in range(k,n):
A[j,m]=A[]j,m]-e*A[k,m]
b[j]=b[j]l-e*b[k]
for k in range(n-1,-1,-1): # backsubstitution
sum=0.
for j in range(k+1l,n):
sum=sum+A[k,j]*x[j]
x[k]=(b[k]-sum) /A[k, k]
return x

Laboratorio Numérico



Limitacoes

O algoritmo de Gauss so funciona se o determinante da matriz
nao for nulo, pois nesse caso as equacoes nao sao linearmente
independentes (ndo ha solucao).

Mesmo nesse caso, falhara se a equacao eliminante tiver um
zero na diagonal. Essa dificuldade pode ser resolvida trocando
essa equacao por outra (numa linha inferior) que ndo tenha o
mesmo problema.

Laboratorio Numérico _



Resolucao de um circuito linear (Kirchoff)

Lei das malhas: a queda de

tensao ao longo de um R,

circuito fechado é nula AN

(conservacao energia)

Leis dos nds: a soma V1C+>

algébrica da corrente num no R,

é nula (conservacao da carga) — VVVT
i +

Dados V, , e R, s determinar Ry R, (_) v,

as correntes |, .

5 incoégnitas requerem 5 ' '\/}{/\/

equacoes linearmente 5

independentes
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Construir a matriz do sistema de equac¢oes

Resolver o sistema é facil (em python)...
A dificuldade pode estar na construcao do sistema.

Precisamos de 5 equacdes linearmente independentes, i.e., para
um sistema:

Mx =b
Tera de ser:
det(M) # 0
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R,
Leis de Kirchoff Malha =~ NVVVH

3 malhas, 2 nds V1<I -
2
( R]_Il —+ R2[2 - V1 — O YV VN J>
_R2[2 + R4I4 + RSIS - VZ = O R3 R + v
s Rily —R3l3 + Rsls —V, =0 \_ * =/
—13+I4—15:O Z S
L+ +1-=0 J M_
X 1 T 1 T 15 NG S
© R Sentido da
corrente

O sentido da corrente em cada componente
é arbitrado. Se o resultado for negativo, isso
quer dizer que, nesse componente, a
corrente flui em sentido oposto
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( Rlll —+ R212 - Vl - O
_R212 + R4_14_ + R515 - VZ — 0
Rlll - R3I3 + R515 - VZ - 0

.

Forma matricial

—I;+1,—1:=0
import numpy as np
R1=15;R2=18;R3=10;R4=5;R5=14 'Ry R, 0 0 O[] W,
V1=10;V2=20 0 —R; 0 R4Rs||l2| V5
nI=5 R]_ 0 —R3 0 R5 13 = Vz
— 0 0 —11-1}||/ 0
M=np.array([[R1,R2,0,0,0],\ 11 0 0 ol 0

[0,-R2,0,R4,R5],\

[R1,0,-R3,0,R5],\

[0,0,-1,1,-1],\

[-1,1,0,0,0]],dtype=£float)
b=np.array([V1l,V2,V2,0,0] ,dtype=float)
I=np.linalg.solve(M,b) #I=gaussElim(M,Db)
print (I)
>>[ 0.3030303 0.3030303 0.24125874 1.51748252
1.27622378]
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I=[ 0.3030303 0.3030303
0.24125874 1.51748252 1.27622378]

Vv,

(1 +

,=0.24 ‘Rs %(521&1 §
| AVAAY

R
—p-Sentido da
I;=1.28 corrente
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Ry
MaMa-—N\ AVN/\F_‘
4 malhas, 1 n6 — A\

RZ
( R111+R212_V1:0 A_M

_Rzlz —+ R4I4 —+ R5]5 - VZ — O R3 R + v
RiI; —R3l;+ Rl —V, =0 - ) AL
—13 + 14 - 15 — 0

o i
| —Rals =Ry, +V; =0 {1 , ﬂRS\’_

A

>>LinAlgError: Singular matrix
np.linalg.det (M)
>>0.0

Nao funciona porque as equacoes nao sao linearmente independentes
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3 malhas, 2 nos Malha —
#prescricao de sentido

([ RiL 4R, -V =0

—Ryl, + Ryly — Rsls — V, = 0 R{

S R4 —R3I3 —RsIs —V, =0
—I3+1,+15=0

\ _11 + 12 - 15 —_ O _J
I=[ 0.3030303 0.3030303 > Sentido da
0.24125874 1.51748252 corrente

-1.27622378]
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Outra soluc¢ao direta numpy (ma

import numpy as np

R1=15;R2=18;R3=10;R4=5;R5=14 I

V1=10,;Vv2=20

nI=5

M=np.array([[R1,R2,0,0,0],\
[0,-R2,0,R4,R5],\
[R1,0,-R3,0,R5],\
[0,0,-1,1,-17,\
[-1,1,0,0,0]],dtype=float)

b=np.array([V1,V2,V2,0,0] ,dtype=£float)

I=np.matmul (np.linalg.inv (M) ,hb)

print (I)

>>[0.3030303 0.3030303 0.24125874 1.

1.27622378] ok

is lenta)

R, R, 0 0 01[]

0 —R, 0 R,R:
R, 0 —R;0 R:
0 0 —11-1

51748252

-1 1 0 0 0 1Ll

S oS
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Comentarios

A solucao de problemas regidos por sistemas de equacdes
lineares é simples. A dificuldade pode estar no correto
estabelecimento do sistema de equacoes.

Os arrays devem ser sempre explicitamente declarados comO
float, para evitar ambiguidade e erros.

E sempre possivel testar a solucdo:

x=np.linalg.solve (M,b)
B=np.matmul (M, x)
print ( (B-b) /b) #erro de arredondmento
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Gestao de dados
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fO.fx,y),f(x,y,2), f(x,y,2,1), f(4, )

Muitos dados de interesse representam séries temporais f (t),
distribui¢des espaciais f (x, y, z), mapas georeferenciados

f4¢)
Em python esses dados sao descritos por objetos np.array
de diferente dimensionalidade (shape).

A estrutura desses dados pode ser complicada:

— Os dados georeferenciados (longitude,latitude,altitude)
usam coordenadas esféricas (cicilicas)

— Os dados temporais seguem as regras do calendario
(meses e anos de duracao variavel)
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Leitura de dados estruturados

Dados de pouca complexidade podem ser lidos/escritos em ascii,
com fungdes numpy:

a=np.loadtxt ('ficheiro.txt',6 skiprows=0)
Funciona se os dados do ficheiro tiverem a forma de uma tabela
(m X n) i.e. de um array numpy

Mas se se tiver feito

np.savetxt('f2.txt',[a,b,c])

pode fazer-se

a,b,c=np.loadtxt ('£f2.txt")

pois cada um dos objetos (a , b, c) terda uma forma de array, e
podem ter diferente shape
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Dados de média complexidade

O formato xls/xIsx permite uma gestao simples de dados,
utilizando a estrutura rigida (mas muito abrangente) das folhas
de calculo, desde que esses dados nao sejam demasiado
extensos e possam ser organizados em tabelas bidimensionais.

As séries temporais e os mapas podem ser facilmente
transferidos (ler/escrever) neste formato.

Laboratorio Numérico



meteo

BH S :

READY
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HOME | INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  VIEW
o, g cut Calibri A == & E* Wrap Text General - |::=—| ,:‘J Nort
Paste @ Copy - y === & 3= &2 <o o0 Conditional FDrr':;tas E
- ¥ Farmat Painter ru- A EE= £ Merge & Center - T ot Farmatting~  Table -
Exem l o Clipboard [ Font [ Alignment [ Number [
p Al - S || 98336109375
array 2d:Pressure
escalares
A B C D A B C D E F G H 1 J K L M N
1 | 983.2611 983.3722| 982.3919 983.3975 983.4002| 982.4039  983.4056) 983.4034| 983.4015 982.3984| 983.383f| 982.3911 982.3892 983.387| 9
1 |Variable units level height 2 | 983.3563 983.3577 983.3566 983.3467 983.3462 983.363 983.343 983.3503 983.3434 983.3438 983.3361 983.3241 983.3248 983.3314 9
3 | 983.3382 983.3393 983.3293 983.3243 983.3352 983.3422 983.3238 983.3148 933.3176 983.2998 983.j027 983.2913 983.2891 983.3028 9
2 Longitude deg 4 | 983.3339 983.3243 983.3216 983.3129 983.3193 983.3053 983.2951 983.2959 983.2946 983.2881 9332691 983.2651 983.2634 983.2669 9
. 5 | 983.3125 983.3077 983.308 983.3094 983.3062 983.299 983.2887 983.2861 983.2705 983.2581 3.25 983.2441 983.2376 983.253
3 Latutide dEg 6 | 983.3126 983.2994 983.2999 983.2986 983.2935 983.2877 983.2829 983.2646 933.2503 983.2424 §83.2319 983.2291 983.2323 983.2238 9
4 |Pressure hPa 4 470m 7 | 983.3043  983.2934  983.2885 983.2878 983.2826 983.2849 983.2666 983.2473  983.2359 983.2135/983.2175  983.2109 983.1991 983.215 9
8 | 983.2956 983.2914  983.2781 983.2823 983.2724  983.2632 983.2432 983.2366  983.2233 983.213F 983.2063| 983.2013 983.1966 983.1903| 9
5 [ Tem perature K 4 470m 9 | 983.2908 983.2779 983.2723 983.267 983.2547 983.2494 983.2341 983.2208 983.2082 983.19j 983.1905 983.1888 983.1818 983.1763
10| 983.258 983.2707 983.2632 933.2565 983.2485 983.2455 933.2206 933.207 983.1964 983. 983.1808 983.1844 983.1723 983.176 9
6 qv g/ kg 4 470m 11| 983.2521 983.2455 983.2363 983.2552| 983.2373 983.2188 983.2062| 983.1984 983.18 9834500  983.1664 983.1622 983.1622| 983.1753| 9
7 U m /S 4 470m 12| 982.2419 983.232 983.2319 983.2273 982.2034 983.1893 983.172| 983.173 983.1633 987.1527| 983.1539 983.1605 983.1766 983.1805
13| 983.2155 983.2166 983.2127 983.207 983.1923 983.1758 933.1643 983.1574 983.1614 93.1539 933.1582 983.1673 983.1784 933.1715 9
8 |V m/s 4 470m 14| 983.2074 983.2105 983.1917 983.1835 983.1634 983.1603 983.1535 983.1533 983.1605 f83.1616 983.1576 983.1696 983.1602 983.1663 9
15| 983.178 983.1814 983.1648 983.1577 983.1692 983.1622 983.153| 983.1552 983.1559f983.1465 983.1567 983.1573 983.1541  983.1419 9
9 W m/s 4 470m 16| 983.156 983.1577 983.1484 983.147 983.1426 983.1406 983.1354 983.1405 983.137f 983.1394 983.1313 983.1348 983.1234 983.1285 9
; 17| 983.1318 983.123 983.1311 933.1236 983.1341 983.1364 933.1356 983.1499 983.1f1 983.1355 933.1324 983.1298 983.1213 933.1083 9
10 |Rain mm 0 18| 983.1139 983.0936 983.0998 983.1045 983.1097 983.1159 983.1256  983.1263 983.JA66 983.1073| 983.1112 983.1159 983.1061  983.1124 9
11T : 0 19| 982.0876 982.0741 983.075 983.0822  983.08 983.1007 983.1066 983.1069 9831038 983.0959  983.0986 983.0979 983.0921 983.0901 9
errain m 20 | 983.0509 S583.0523 983.0635 983.0704 983.0642 983.0853 983.1021 983.1005 96.0913 983.0726 983.0712 983.0645 983.0842 983.0795 9
12 21| 983.036 983.0322 983.0309 933.0497 983.053 983.0831 933.0764 933.067 353.0596 983.0477 933.0448 983.0452 983.0553 933.0709 9
22| 983.0019 983.008 983.0197 983.0344  983.0492 983.0598 983.0617 983.0516 f 983.026 983.052 983.042 983.0405 983.0542  983.0644 9
13 |year 2015 23| 983.0015 982.9941 983.0112 983.0258 983.0363 983.032 983.045 983.0443 983.0405 983.0402 983.043 983.0408 983.0491 933.0401 9
24| 982.974 582.9824 983.0013 983.023 983.0329 983.0461 983.0403 983.0545 983.0516 983.035 983.0362 983.033 983.0247 983.0237 9
14 'month 6 25| 982.9645 982.9855 983.0118 983.0217 983.0352 983.0441 983.0388  983.0431 983.0459 983.0325  983.0159 983.0101 983.0154| 982.9993 9
15 day 9 26| 982.9702 982.9834 983.0054 983.0209 983.0316 983.0416 983.0395 9834362 983.0258 983.0191| 983.0077 983.008 983.0088  982.9975 9
27| 982.9635 982.9921 983.0082 933.0252 983.0296 983.023 983.0256 983.0169 983.0072 982.9973 982.9959  982.99 982.9877 9
16 'hour 22 28| 982.9691 982.9794 983.0099 933.0206 983.0237 983.0191 933.0129 9§3.0091 982.9998 983.0023 982.9863 982.9772 982.9799 982.972 9
29| 982.9709 982.9906 982.9913 983.0098 983.0103 983.0084 982.9969 F82.9915 982.9795 982.9696 982.9681 982.9688 982.9606 982.9514 9
17 'min 0 Info 30| 982.9784 982987 982.9991 983 923.0031 982.9867 932.9805 982.9711 982.955 982.938 932,945 982.9500 982.9468 9
31| 982.9563 982.9747 982.9846 932.9902 982.9301 982.9693 982.9569 982.9533 982.9474 982.9296 982.9214 982.9298 982.906 9
18 sec 32| 982.9608 982.9675 982.9737 982.9725 982.9679 982.9662 982.925 982.945 982.9286 982.9163 982908 982.9002 982.8939 9
19 | 33| 982.9563 982.956 982.9626 982.9588 982.956 982.9459 982,9183 982.9052 982.9002 982.9028 982.8883 982.8856| 982.8759 9
. 34| 982.9398 982.949 982.9583 982.9411 982.9288 982.9176 982.8878 982.8866 982.8896 982.8646 982.8802 982.8811 982.8614 9
20 35| 982.9385 982.937 982.9332 932.9345 982.9148 982.9027 982.8683 982.8745 982.8628 982.8552 982.8392 932.8434 982.8505
36| 982.9227 982.9238 982.9292 982.8992  982.8794 982.8773 982.8361 982.8479 982.8458| 982.8495 982.8378 982.8312| 982.8247 9
& Longitude Latitude Terrain [iessne TEEEET Info Longitude Latitude Terrain Pressure Temperature qv u | v | w Rain ¥



12
13 \year 2015

- 14 'month 6
openpyxl, datetime 14 o °
16 hour 22
17 'min 0
. 18 sec 0
import numpy as np 19| ]
import openpyxl as pyxl 20
Info Longitude Latitude Terrain Pressure Temperatu
import datetime

dados='meteo model.xlsx'

wb=pyxl.load workbook (dados) #abre o workbook
wsI=wb['Info'] #abre a worksheet Info
ano=wsI['B13'].value #1lé célula
mes=wsI['Bl4'] .value

dia=wsI['Bl5'] .value

hora=wsI['Bl6'] .value

min=wsI['Bl17'].value

seg=wsI['B18'] .value

tempo=datetime.datetime (ano,mes,dia,hora,min, seq)
print (tempo)

>>2015-06-09 22:00:00
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Ler tabela completa

2 formas de ler célula:
ws.cell (row=2,column=4) .value
import numpy as np =ws['B4'].value
import openpyxl as pyxl
dados="'meteo model.xlsx'
wb=pyxl.load workbook (dados)
ws=wb [ 'Pressure']
rows=ws.max row f#fidentifica dimensdo da worksheet
cols=ws.max column
pressure=np. zeros ( (rows,cols))
for r in range(rows) :

for ¢ in range(cols):
pressure[r,c]=ws.cell (row=r+1,\

column=c+1l) .value
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Ano Més Dia Prec

[ ] V 4 [ ]
poogQ |« % &« T f Fil L
Leitura de série b of File

1 1

nooz 1941 1 2  9.19999981

0003 1941 1 3  0.00000000

tem pO ral D04 1941 1 4  0.00000000
0005 1941 1 5 0.00000000

0006 1941 1 € 0.00000000

) 0007 1941 1 7  0.00000000
import numpy as np 0008 1941 1 8§  11.5000000
import datetime 0009 1941 1 S  0.00000000
import matplotlib.pyplot as plt nolo 1941 1 10 5.69999981
_ , , no1ll 1941 1 11  2.09999890
dados=np.loadtxt ('prec24h 535 2.dat') Jo1s Lol L 12 4 50000010
ano=np.array (dados[:,0] ,dtype=int); 0013 1941 1 13  9.39999962
mes=np.array (dados[:,1],dtype=int) ; 0ol4 1941 1 14 0.400000006
dia=np.array(dados[:,2],dtype=int) ; nolis 1941 1 15 2.55995550
0016 1941 1 16 5.50000000

prec=dados|[:, 3] DoL17 1941 1 17  1.20000005
del dados Dols 1941 1 18 0.100000001
tempo=[] nols 1941 1 19  5.40000010
£ kd len (prec)) : 0020 1941 1 20 11.3999996
or in range(len(prec)): 0021 1941 1 21 28.0000000
tempo.append (datetime.datetime\ nozz 1941 1 22 25 . 6000004
(ano[kd] ,mes[kd],dia[kd])) 0023 1941 1 23 9.30000019
noz4 1941 1 24  17.5000000

0025 1941 1 25  0.00000000

plt.plot(tempo,prec) 0026 1941 1 26  €.40000010
plt, ylabel ('Prec mm/dia' ) noz27 1941 1 27 1.799999485
plt.title('Instituto Dom Luiz') Jozs 1941 1 <8 4.40000010
) noza 1941 1 29  5.40000010
plt.savefig('IDL Prec 1941 2017.png') 3030 1941 1 30  0.800000012
0031 1941 1 31  11.3000002

no3z 1941 2 1 3.29999985

0033 1941 2 2  0.00000000

0034 1941 2 3 13.1999998

0035 1941 2 4  0.00000000

0036 1941 2 5 0.00000000
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Série temporal diaria

Observatorio Instituto Dom Luiz

120 4

100

80 +

60

Prec mm/dia

20 4

T T T T T T T T
1942 1952 1962 1972 1982 1992 2002 2012
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400 —==—= === == == == === = ===

200

Total mensal

Prec mm/més

i %0 a0 so ok

ndMES=[31,28,31,30,31,30,31,31,30,31,30,31]
anoFIRST=np.min (ano); anoLAST=np.max (ano)
numMES=12* (anoLAST-anoFIRST+1l) #numero total de meses
precM=np. zeros ( (numMES) ,dtype=£float)
mJ=-1; dJ=-1
for yy in range (anoFIRST,anoLAST+1):

for mm in range(1l,12+1):

mJ=mJ+1 Ano bissexto
ndm=ndMES [mm-1 ]
if mm==2 and (yy%4==0 and (yy$%100!=0 or yy%400==0)):

ndm=ndm+1
for dd in range (ndm) :
dJ=dJ+1
precM[mJ]=precM[mJ] +prec[dJ]
plt.subplot(3,1,2)
plt.plot(np.linspace(1l,numMES, numMES) ,precM)
plt.ylabel ('Prec mm/més')
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Total mensal P I T
c/datetime

Prec mm/més

T T T T T
0 200 400 600 800

400

200 -

Prec mm/més

T T T T T T T T
1942 1952 1962 1972 1982 1992 2002 2012

mesLIST=[]
for yy in range (anoFIRST,anoLAST+1) :
for mm in range(1,13):
mesLIST. append (datetime.datetime (yy,mm,15))
plt.subplot(3,1, 3)
plt.plot (mesLIST,precM)
plt.ylabel ('Prec mm/més')
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Datas julianas

Contagem de dias sucessivos desde uma data de referéncia.

Pode ser referido a um ano:
dia_juliano € [1,365 ou 366]

Ou a um periodo anos. Em datetime os dias julianos sao contados a partir
de 0001-01-01 (12 dia do calendario moderno)

X=datetime.datetime (2018,3,16,12,00,35,89)
print (X,X.toordinal ())

>>2018-03-16 12:00:35.000089 736769
X=datetime.datetime(1l,1,1,12,00,35,89)
print (X,X.toordinal ())

>>0001-01-01 12:00:35.000089 1

pAONR: I | aboratorio Numeérico



datetime

calendar Dados sintéticos

import numpy as np
import datetime;import calendar
ySTART=1991 ; yEND=2000
dataSTA=datetime.datetime (ySTART,1,1,0) ;
dataEND=datetime.datetime (yEND,12,31,23)
numOBS= (dataEND. toordinal () -dataSTA.toordinal () +1) *24
T=np.zeros ( (numOBS) ,dtype=float) ;kh=-1
for ano in range (ySTART,yEND+1) :
AmpA=12+42* (np.random.rand()-0.5) #AmpA€[11,13] media 12
if calendar.isleap (ano) :
ndays=366
else:
ndays=365
for julian in range(1l,ndays+1):
AmpD=10+4+10* (np.random.rand()) #AmpDe[10,30] media 20
for hour in range(0,24):
kh=kh+1
T[kh]=10+AmpD*np.sin (2*hour*np.pi/24.+4*np.pi/3)\
+AmpA*np.sin(2*julian*np.pi/ndays+4*np.pi/3)
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Datetime ©
.timedelta N

o

import maptplotlib.pyplot as plt =

timeO=dataSTA
datelist = [] #empty list
for hs in range (0, numOBS) :

datelist.append (timeO+datetime. timedelta (hours=hs))
plt.plot(dateList,T)

plt. figure () 10
plt.plot(datelist,T) 0
plt.xlim(datetime.datetime (1995,1,1),\
datetime.datetime (1996,5,12)) =
plt.savefig('serie t extrato.png')
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20

Ano médio

15

10 A

Tmes=np.zeros ((12) ,dtype=float)

Nmes=np.zeros((12) ,dtype=int)

0_

for kh in range(len(T)) :
mes=dateList[kh] .month-1 5 : ‘ ° P 2
Tmes [mes]=Tmes [mes]+T[kh]

Nmes [mes]=Nmes[mes]+1
Tmes=Tmes/Nmes
plt.plot(np.linspace(1,12,12) ,Tmes)
plt.x1lim(1,12)
plt.xlabel ('més')
plt.ylabel (r'$T\bar (“oC)S$')
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204

Ano médio

15 A

versao 2
£ 2 X 12
Tmes=np.zeros((12) ,dtype=float)
Nmes=np.zeros ((12) ,dtype=int)
for kh in range(len(T)): 0+ !
mes=datelList[kh] .month-1 T P

Tmes [mes]=Tmes [mes]+T[kh]
Nmes [mes]=Nmes[mes]+1
Tmes=Tmes/Nmes
my xticks = ['Jan','Feb','Mar', 'Apr', 'May',\
'Jun', 'Jul', 'Aug', 'Sep', 'Oct', 'Nov', 'Dec']
plt.xticks(np.linspace(1,12,12), my xticks)
plt.plot(np.linspace(1,12,12) ,Tmes)
plt.x1lim(1,12)
plt.ylabel (r'$T\bar (“oC)$')
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30
25 A

Dia médio

15

10 - 2 X 20
Th=np.zeros ((24) ,dtype=float 3

T(°C)

Nh=np.zeros ((24) ,dtype=int)

for kh in range(len(T)) : | ]
hora=datelList[kh] .hour-1 0 5 10 15 20
Th[hora]=Th[hora]+T[kh]

Nota: o ruido

Nh[hora]=Nh[hora]+1 desapareceu na

Th=Th/Nh média

plt.figure ()

plt.plot(np.linspace(0,23,24) ,Th)

plt.x1im(0,23)

plt.xlabel ('hora')

plt.ylabel (r'$T\bar (“oC)$')
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A B C

1 |data num valor
datas excel 2 | 01-Jan-12 1 0.309017
3 | 02-Jan-12 2 0.587785
4 | 03-Jan-12 3 0.809017
5 | 04-Jan-12 4 0.951057
] 6 | 05-Jan-12 5 1
import numpy as np 7 | 06-Jan-12 6 0.951057
import datetime g | 07-Jan-12 7 0.809017
; 9 | 08-Jan-12 8 0.587785
import openpyxl as pyxl 10| 09-Jan-12 9 0.309017
import matplotlib.pyplot as plt 11| 10-Jan-12 10 1.23E-16
wb=pyx1l.load workbook ('data xls.xlsx',\ 12| 11-lan-12 11| -0.30902
- — 13| 12-Jan-12 12 -0.58779
data_only—True) 14 | 13-Jan-12 13 -0.80902
ws=wb|[ 'Sheetl'] 15 | 14-Jan-12 14 -0.95106
YOWS=WS.Mmax row 16| 15-Jan-12 = 1
— 17 | 16-Jan-12 16 -0.95106
datas=[] #lista 18| 17-Jan-12 17 -0.30902
valor=np.zeros ((rows-1)) 19| 18-Jan-12 18 -0.58779
for r in range(2,rows+1l): Sheetl ®

datas.append (ws.cell (row=r,column=1) .value)
valor[r-2]=ws.cell (row=r,column=3) .value
for r in range(len(datas)):
print (r,datas|[r])
plt.plot(datas,valor)
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A B C
plt.plot(datas,valor) o ——

2 | 01-Jan-12 1 0.309017

1.00 3 | 02-Jan-12 2 0.587785

oo 4 | 03-Jan-12 3 0.809017

5 | 04-Jan-12 4 0.951057

050 6 | 05-Jan-12 5 1

0.25 7 | 06-Jan-12 6 0.951057

0.00 ] g | 07-Jan-12 7 0.809017

s | g | 08-Jan-12 8 0.587785

o 10| 09-Jan-12 9 0.309017

11| 10-Jan-12 10 1.23E-16

—0757 12 | 11-Jan-12 11 -0.30902

~1.00 1 13| 12-Jan-12 12 -0.58779

2012-01-04 2012-01-11 2012-01-18 2012-01-25 2012-02-01 "|4 13-]3[1-12 13 _{]mz

15| 14-Jan-12 14 -0.95106

16 | 15-Jan-12 15 1

for r in range(len(datas)): 17| 16-1an-12 16 -0.95106

print(r,datas [r]) 12| 17-Jan-12 17 -0.80902

0 2012-01-01 00:00:00 e B

1 2012-01-02 00:00:00
2 2012-01-03 00:00:00
3 2012-01-04 00:00:00

34 2012-02-04 00:00:00 _ .
35 2012-02-05 00:00:00 Objetos datetime (hh:mm:ss a zero)
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Dados estruturados mais complicados

Dados em mais de 2 dimensodes, ou de grande dimensao precisam de ser
transferidos por sistemas de dados mais avancados, que permitam o acesso
direto rapido a subconjuntos.

Um uUnico ficheiro pode conter varias variaveis de uma simulacao em 4
dimensodes (x,y,z,t). Se pretender conhecer a evolucao da temperatura num
ponto T(x0,y0,z0,t) sé quero ler (rapidamente) a série temporal respectiva.

O python suporta um sistema deste tipo, designado por netCDF4, que é
utilizado na transferéncia de dados meteoroldgicos, climaticos, imagens de
satélite.
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