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Why Python?

 Easy to learn/read/maintain

* Abundant library/packages =2 What is package?

* Anaconda

=» Python distribution packaged with useful libraries for math/engineering
=» Included libraries: Panda, numpy, scipy, sklearn, matplotlib
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Downloading Anaconda

e https://www.anaconda.com/distribution/



https://www.anaconda.com/distribution/

Proceeding Install Steps

2 Anaconda3 2020.02 (64-bit) Setup — X

Select Installation Type

J ANACONDA Please select the type of installation you would like to perform for
Anaconda3 2020.02 (64-bit).

Install for:

(® Dust Me (recommended).

() All Users (requires admin privileges)

< Back Next > Cancel




Spyder

* Develop environment for anaconda: Spyder & Jupyter Notebook

e Spyder is recommended for Windows user
e Editor

e Variable Explorer: Examining variable dependency and revision of
variables

* Profiler: Analyzing the run time portion of each code
* Debugger : line by line running
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Tuple & List in Python

* Two representative methods for expressing array or vector

e List declaration =2 Used for undetermined featured data
e Tuple is not modifiable

my list = [1,2,3,4,5]

my tuple =




Feature of List In Python

* + operation for list

midterm = [20, 40, 50]

final = [70, 8@, 95]

print(midterm+final)

e * operation?

print(midterm*3)
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Import Module in Python

* For example, can you evaluate V2 directly in python?, like
print{sqrt(2))

* Try this. What is the role of the second line code?

# -*- coding: utf-8 -*-

import math
print(math.sqrt(2))

e How about these?

import math as m

print(m.sqrt(2))

* |s there any way we can directly use sqrt()?
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Utilizing Numpy Package

* Try this and find the usefulness of numpy

import numpy as np

midterm = np.array([20, 48, 58])
final = np.array([70, 80, 95])
print(midterm+final)

o |

* Indexing & slicing (start or end value can be omitted)

* What else we can do with numpy?
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Array Generation Functions in Numpy

* Handling 2D array test2dArray = [[3,4,5],[100,200,300],[-2,-4,-5]]

test2dArrayNP = np.array(test2dArray)

=» Indexing or slicing?

* arange() : np.arange(start, stop, step)
-)Try arangeTest=np.arange(5, )

arangeTest=np.arange(3, 18)

arangeTest=np.arange(3, 18, 2)

* zeros() & ones()

zeroTest = np.zeros([2,3])

=>» Find about ones_like() or zeros_like()

* linspace() & logspace()

linspaceTest = np.linspace(®, 18, 21) logspaceTest = np.logspace(l, 100, 4)
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Concatenating Functions in Numpy

* Try r_[va,vb] & c_[va,vb] as: -array([1, 2, 3])
.array([4, 5, 6])

Also try xr2 = [[va], [vb]] .r [va, vb]

.c_[va, vb]

e numpy.r — NumPy v1.20 Manual

e numpy.c — NumPy v1.20 Manual

* Please check the results in “Variable explorer” as:

xc - NumPy array
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https://numpy.org/doc/stable/reference/generated/numpy.r_.html
https://numpy.org/doc/stable/reference/generated/numpy.c_.html

Reshape() Function

e Usage of reshape():
new_array = old_array.reshape((4,3))

* Try this:

import numpy as np

v = np.arange(12)

print(y.reshape(3,4))
print(y.reshape(2,6))
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Uniform Distributed
Random Number Generation

* random.rand() = Uniform distribution between [0,1]

* You can setup a seed with random.seed(). Try the following
two codes and run multiple times.

np.random.seed(10)

y = np.random.rand(5)
y = np.random.rand(5) )

rint(y)
print(y) -

* random.rand() for generating random number [a,b]

y2 = (b-a)*np.random.rand(5)+a

* random.randint()

y3=np.random.randint(3,8, size=[4,6])
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Gaussian (or Normal) Distributed
Random Number Generation

* For standardized Normal Distribution, (1 = 0 and 0%=1) with
size of 4x7 array

yG = np.random.randn(4,7)

* You can easily generate normal random numbers following
different u and o%. How?



Linear Algebra

® Try th]S import numpj:: as np

A = [[213]1 [415]]

B = [[2,3], [4,5]]
ANP = np.array(A)

BNP = np.array(B)
print(ANP)
ANP_transpose = ANP.T
print(ANP_transpose)

C = np.dot(ANP,BNP)

print(C)

D1 = np.dot(ANP_transpose,BNP)
print(D1)

D2 = ANP.T.dot(BNP)

print(D2)

* Search about the following functions in the numpy and do
some examples.

1) np.dot(x, y) 2) np.diag 3) np.trace 4) np.linalg.det

5) np.linalg.inv 6) np.linalg.svd 7) np.linalg.solve
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Utilizing Matplotlib.pylab for Data Plot

* In the matplotlib, there is a subpackage called pylab.
See https://matplotlib.org/api/pyplot _api.html

* We can use this subpackage to visualize data in python

* The conventional import statements:

import matplotlib.pylab as plt
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https://matplotlib.org/api/pyplot_api.html

import matplotlib.pylab as plt

Pl Ot Data plt.title("Test for Simple plot™)

plt.xlabel("Height")

plt.ylabel( "Weight")
plt.plot([16@, 165, 17@, 175, 180], [6@, 58, 7@, 74, 72], "ro:"

° Try th|5 plt.show()

* Please check “Plot” pane.
e About “ro:” which is the last component of plt.plot():

Blue b : point marker - solid
Green g , pixel marker N dashed
0 circle marker
Red r v triangle_down marker o dash-dot
C A triangle_up marker : dotted
Magenta | m < triangle_left marker
> triangle_right marker
Y S Square marker
Black k p Pentagon marker
White w * Star maker
20




For New Window Plot,

Preferences

£8 General

22 Appearance
Keyboard shortcuts
Python interpreter
Run

» Completion and linting

ES Current working directory

Editor
IPython console
History
Help
Variable explorer
(= Files
@ Profiler
Q¢ Code Analysis

t to defaults

Display Graphics Starup Advanced setiings

Support for graphics {Matplotlib)
Activate support

Autornatically load Pylab and MurmPy modules

Graphics backend

» how graphics are going to be displaved in the
utomatic to interact with them (through 21

Sutornatic

Inline backend
Decide how to render the figur
Farmat: PHG
Resolution: 120
Wiidth: E inches
Height: 4 inches

Use a tight layout for inline plots
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Utilizing Pandas Loading Data

* Try this

pandas as pd

dfLoad = pd.read csv("https C 'tes t", sep="\5+")

* File path (Please copy it)
https://raw.githubusercontent.com/hanwoolleong/lectureU
niv/main/testData H vs W.txt

* Please check whether it contains 100 height-weight
combination data through “Variable Explorer.”

J tectData H vs W.txt - Index Height Weight

oip BEEE MO D 77.8929
Height Weight
174.863 77.8929
167.431 71.69 157,667 o4. 2712
157.067 51.2712 5 172.367 753810

71.89
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https://raw.githubusercontent.com/hanwoolJeong/lectureUniv/main/testData_H_vs_W.txt

Plotting the Load Data

* Try this

hort matplotlib.pylab as plt

import pandas as pd

dfLoad = pd.read_csv("https://raw.githubusercontent.com/hanwoolJeong/LlectureUniv/main/testData H vs_W.txt", sep="\s+")

xHeight = dfload[ "Height"]
yWeight = dfload[ "Weight"]
plt.plot(xHeight, ylWeighty, ".r")
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Revisit Normal Equation

* In linear regression, the wg . making the RSS minimized is:
X'Xw = XTy ™ wors=(X"X)"'X"y
where X is NxD design matrix containing N feature vectors

* Don’t forget to add x, = 1 padding to given data to derive w,, for
bias (or y-intercept) in linear regression model learned:

V=h.(x)=WTX =W, + WX, + W-X- + ... WaX
w 0 1M 272 DD



Deriving wOLS in Python

* File path 2 (Please copy this):
https://raw.githubusercontent.com/hanwoolleong/lectureUniv/main/t
estData LinearRegression.txt

* Try this:

import numpy as np
import pandas as pd
import matplotlib.pylab as plt

dfLoad= pd.read csv('| File path
x¥xRaw = np.array(dflLoad.values|
yyRaw = np.array(dfLoad.values]
plt.plot(xxRaw, yyRaw, "r.")

:,8])
:,1])

N = len(xxRaw)
¥¥_bias = np.c_[np.ones{[108,1]), xxRaw] #Padding 1 as x@ to all samples

yy = yyRaw.reshape(N,1)

wOLS = np.linalg.inv(xx bias.T.dot(xx_bias)).dot(xx_bias.T).dot(yy)
¥_sample = np.linspace(®, 2.8, 181)

¥_sample_bias = np.c_[np.ones([181,1]), x_sample]

y_pred = wOLS.T.dot(x_sample_bias.T)

¥_sample row = x_sample.reshape(1,181)

plt.plot(x_sample row, y pred, "b.-")
plt.show()
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https://raw.githubusercontent.com/hanwoolJeong/lectureUniv/main/testData_H_vs_W.txt
https://sites.google.com/site/vlsicir/testData_LinearRegression.txt

Eye Check
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For statement in Python

* for s is used for repeatedly performing certain jobs as:

jobl
k—ﬂf—JjObz

for variable in list, tuple or string: <1 Colon

Indent is needed here!

* Try this:

scoreAccumulate = 8;

for score in scoreArray:

scoreAccumulate = scoreAccumulate + score
print("You got ¥d points now" %score)
print("Your total score is #d" %scoreAccumulate)

* You can use the function range() with for:

for

var in range(1@):

print{“Your in loop number #d now" %var)

27



Revisit Batch Gradient Descent

1)

= Wesent - nVMSE(W) € 1n : learning rate
wix) x;

wix,)x, + ...+ (Vy— Wwixy)xy}

T

= = AwWIXNXY

Wnext
where VMSE (w) = ——Z Ly, —
* We can express VMSE (w) utilizing X and represent it w/o 2 :
_% ?[:1(3’1' —w'x,) x;
_%{(3’1 —wWixy)x; + (¥, -
)
—%< [Vi—-wix; y,—-w'x, Yy~ W'Xy]
.

1y

=— Z{XT(yT-wX")} = — < [X{y-(WX")"}] = — Z{XT(y-Xw)]



Batch Gradient Descent in Python

* Try this:

tions = 1888

itera
np.zeros([2,1])

ror iteration in range(n_iterations):

g;adientz = - {Ef”j;{x;_hiaz.T.dnt{yy—xx_hiaz.dnt{wﬁﬂjjj

== I Okd = - i 1 = = L L' Edo>
L

wGD = wGD - eta*gradients
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