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Ordinary Least Squares (OLS)

Equation of fitted IIne:L y = 0.40x+0.51

Sum of areas = 0.51

https://inst.eecs.berkeley.edu/~eel27a/book/login/l ols main.html
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Ordinary Least Squares
h(x)=0,+60,x (xy)=(47),(8,10),(13,11), (17,14)

"train.txt"

7=6, +46,
0=6,+46, -7
e =0, +40 -7 - ol X

el =(0,+40, -7)
E = Eef >0 |
= (0, +46,-7)" +(6, +86, —10)* ;(90 + 1345;1 ~11)° +1*(0490 +17¢9115-14)2
= 5380, +846,0, + 40. — 9786, — 840, + 466
=(26,+216, - 21)* +97(6, - 48/97)* +121/97

00=1029/194=5.28, 61=48/97=0.495

h(x) = 5.28 +0.495x Ref., http://gihyo.jp/dev/serial/01/machine-learning/0008




OLS resolver ¥

RSS(©)= Y, (v, =y (x))"

N
=2()’_60_xi91)2 0=

=(Y -X0)" (Y - X0)
)

—RSS(O)=0
pys (0)

X' (Y-X0)=0
X'X0=X"Y
0=X"X)"'X"Y

(regular matrix).

0145 E FRIFEEL:. T—HI1=20

00
X

10
X

01
X

11
X

oM
X

IM
X




Implementation of OLS resolver




Class design / How to use

# from numpy as np

# X = np.array([[1,4],[1,8],[1,13],[1,17]])
#Y =np.array([7, 10, 11, 14])

>>> import datasets

>>> X, Y = datasets.load_linear_examplel()
>>> import regression

>>> model = regression.LinearRegression()
>>> model.fit(X, Y)

>>> model.theta

array([ 5.30412371, 0.49484536])

>>> model.predict(X)

array([ 7.28350515, 9.2628866, 11.7371134, 13.71649485])
>>> model.score(X, Y) # RSS
1.2474226804123705

hg clone ssh://info3dm@shark//home/info3dm/HG/2014/tnal/regression
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Linear Algebra with NumPy

http://www.numpy.org

* Import numpy as np

* help(np)

— Provides

* 1. An array object of arbitrary homogeneous items

2. Fast mathematical operations over arrays

* 3. Linear Algebra, Fourier Transforms, Random Number

Generation

NumPy

Base N-dimensional
array package
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Linear Algebra Practice 1

>>> mport numpy as np
# create an array, similar to matrix.
# if you wan to use concrete matrix object, check 'np.mat()’.

>>> a = np.array([[1,2,3],[4,5,6]])
>>> 3
array([[1, 2, 3],
4,5, 6]])
>>> type(a)
<class 'numpy.ndarray'>
>>> a.shape
(2, 3)
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Linear Algebra Practice 2

>>> 3

array([[1, 2, 3],
14,5, 6]])

>>>a+ 1

array([[2, 3, 4],
[5, 6, 71])

>>>3 * 2

array([[ 2, 4, 6],
[ 8,10, 12]])

>>>a.T

array([[1, 4],
[2, 5],
[3, 6]])

>>> a%*3 # elementwise product
array([[ 1, 4, 9],
[16, 25, 36]])
>>> np.dot(a,a.T) # dot product of two arrays
array([[14, 32],
[32, 77]])
>>> np.linalg.inv(np.dot(a,a.T))
array([[ 1.42592593, -0.59259259],
[-0.59259259, 0.25925926]])
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Numpy Tools 1

# return evenly spaced values
within a given interval.

>>> np.arange(0,1,0.3)

array([ 0., 0.3, 0.6, 0.9])

>>> np.arange(8)

array([0, 1, 2, 3,4, 5, 6, 7])

# gives a new shape

>>> np.reshape(np.arange(6),(2,3))

array([[O, 1, 2],
[3, 4, 5]])

>>> np.reshape(np.arange(6),(3,2))

array([[O, 1],
12, 3],
[4, 5]])

20145 IR T FRER4:

# return evenly spaced
numbers over a specified
interval.

>>> np.linspace(0,2,3)
array([ 0., 1., 2.])
>>> np.linspace(0,2,4)

array([ O. , 0.66666667,
1.33333333, 2. 1)

>>> np.zeros((2,3))
array([[ 0., 0., 0.],
[0., 0., 0.]])
>>> np.ones((2,3))
array([[ 1., 1., 1.],
[1., 1., 1.]])

T—AIAZUT M

10



Numpy Tools 2

>>> np.random.seed(0)
>>> np.random.random((2,3))

array([[ 0.5488135, 0.71518937,
0.60276338],

[ 0.54488318, 0.4236548,
0.64589411]])

>>> np.random.seed(0)
>>> np.random.random((2,3))

array([[ 0.5488135, 0.71518937,
0.60276338],

[ 0.54488318, 0.4236548,
0.64589411]])

>>> a=np.reshape(np.arange(12),
(3,4))
>>> 3
array([[ O, 1, 2, 3],
[4, 5, 6, 7],
[8, 9,10, 11]])
>>> 3[:,0]
array([0, 4, 8])
>>> 3[:,0:2]
array([[O, 1],
[4, 5],
8, 9]])
>>> 3[:,0:3]
array([[ O, 1, 2],
[4, 5, 6],
[8, 9, 10]])




Python Tips

* reloading module
— import importlib
— importlib.reload(module)

— http://docs.python.jp/3/library/
importlib.html#module-importlib
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[reprint] Class design / How to use

# from numpy as np

# X = np.array([[1,4],[1,8],[1,13],[1,17]])
#Y =np.array([7, 10, 11, 14])

>>> import datasets

>>> X, Y = datasets.load_linear_examplel()
>>> import regression

>>> model = regression.LinearRegression()
>>> model.fit(X, Y)

>>> model.theta

array([ 5.30412371, 0.49484536])

>>> model.predict(X)

array([ 7.28350515, 9.2628866, 11.7371134, 13.71649485])
>>> model.score(X, Y) # RSS
1.2474226804123705

hg clone ssh://info3dm@shark//home/info3dm/HG/2014/tnal/regression



prepare a repository

local> ssh info3dm@shark
shark> cd ~/HG/2014/e1257xx

shark> hg init regression

shark> exit

local> hg clone ssh://info3dm@shark//home/
info3dm/HG/2014/ex1257xx/regression

local> cd regression




# testing

data Sets. py >>> import datasets

>>> X, Y = datasets.load_linear_examplel()

>>> X
#!/usr/bin/env python3 array([[ 1, 4],
# -*- coding: utf-8 -*- [1, 8],
[1, 13],
[1,17]])
import numpy as np >>>Y

array([ 7, 10, 11, 14])

def load_linear_examplel():
X =np.array([[1,4],[1,8],[1,13],[1,17]])
Y = np.array([7, 10, 11, 14])
return X, Y




regression.py
(ver.1)

# testing
>>> import regression
>>> model = regression.LinearRegression()

#!/usr/bin/env python3
# -*- coding: utf-8 -*-

Import numpy as np
class LinearRegression:
iInput = None

theta = None
output = None

def fit(self, input, output):
pass

def predict(self, input):
pass

def score(self, input, output):
pass




regression # testing

>>> import importlib

(Ve I. 2 : ﬁt( )) >>> importlib.reload(regression)

>>> model = regression.LinearRegression()
>>> model.fit(X, Y)
>>> model.theta

array([ 5.30412371, 0.49484536])

def fit(self, input, output):
self.theta =

np.dot(np.dot(np.linalg.inv(np.dot(input.T,input)
),input.T),output)

0=X"X)'X"Y




regression # testing

>>> importlib.reload(regression)

(Ve r.3: pred |Ct()) >>> model = regression.LinearRegression()
>>> model.fit(X, Y)

>>> model.predict(X)
array([ 7.28350515, 9.2628866,
11.7371134, 13.71649485])

def predict(self, input):
return np.dot(input, self.theta)




regression # testing

>>> importlib.reload(regression)

(Ve r_4: SCO re()) >>> model = regression.LinearRegression()
>>> model.fit(X, Y)

>>> model.score(X, Y)
1.2474226804123705

def score(self, input, output):
error = self.predict(input) - output
return (error**2).sum()




[reprint] Class design / How to use

# from numpy as np

# X = np.array([[1,4],[1,8],[1,13],[1,17]])
#Y =np.array([7, 10, 11, 14])

>>> import datasets

>>> X, Y = datasets.load_linear_examplel()
>>> import regression

>>> model = regression.LinearRegression()
>>> model.fit(X, Y)

>>> model.theta

array([ 5.30412371, 0.49484536])

>>> model.predict(X)

array([ 7.28350515, 9.2628866, 11.7371134, 13.71649485])
>>> model.score(X, Y) # RSS
1.2474226804123705

hg clone ssh://info3dm@shark//home/info3dm/HG/2014/tnal/regression



matplotlib

http://matplotlib.org
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2D Graph with Matplotlib

import numpy as np

X = np.array([4, 8, 13, 17])

y = np.array([7, 10, 11, 14])

estimated = 5.30412371 + 0.49484536*x
import matplotlib.pyplot as plt

plt.scatter(x, y, color="black")

plt.plot(x, estimated, color='blue’, linewidth=3)

plt.xlabel('x")

plt.ylabel('y')
plt.xticks(())
plt.show()

hg clone ssh://info3dm@shark//home/info3dm/HG/2014/tnal/regression
cd regression
python matplotlib-2d.py



3D Graph with Matplotlib

from sklearn import datasets
iris = datasets.load _iris()
data = iris.data

target = iris.target

import matplotlib.pyplot as plt
from mpl_toolkits.mplot3d import Axes3D

fig = plt.figure(1)

ax = Axes3D(fig)

X = data[:,0]

Y = datal;,1]

Z = datal:,2]

labels = target

ax.scatter(X, Y, Z, c=labels)
ax.set_xlabel("sepal length")
ax.set_ylabel("sepal width")
ax.set_zlabel("petal length")
plt.show()

petal length
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X0=Y
X'X0=X"Y
X' X)7"'X'X0=(X"X)'X"Y
0=(X"X)"'X"Y
1 I N2 _ 1 T
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i=XT(X9—Y)=0
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