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Python == «
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TIOBE INDEX PYPL INDEX

. . Worldwide. Apr 2017 compared 1o a year ago:
Apr 2017 Apr2016 Change Programming Language Ratings Change

Rank Change Language Share Trend

1 1 Java 15.568% -5.28%

1 Java 22 6 % -1.4 %%
2 2 c 6.966% -6.94%

= Eython 15 1 2% +3.1 %
3 3 C+ 4.554% -1.36%

3 BHE S 4 2% -1.0 %%
4 4 c# 3579% 0.22% o p—— P—— e
5 5 Python 3.457% +0.13% s _~ Javascript 7.8 % +0. 4 %%
[3 3 BHP 3.376% +0.38% s <+ Cca+= 7.0 %% -0 3 =%

REDMONK INDEX IEEE SPECTRUM

L:!um Rank  Types _Spoclrurn Ranking

1 JavaScript

2 Java Ll @
3 Pyvthon 2C njmi
£ PHP 3. Java :Juje
5 CF#H 4 C++ n|mi
6 C+ + 5. C# 2 e

— A e
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E M A 1 import this

ol OI_|7I_|-|:_|-_E_ OI_'|O-| The Zen of Python, by Tim Peters
Zr2d s of Beautiful is better than ugly.

g g5 L'CH Explicit is better than implicit.
Jt743 Simple is better than complex.

o '—l- = J O‘—-IO-I Complex is better than complicated.

Flat is better than nested.

4 = .

Ef —|E7|- HH|'EO|_-IO-| Sparse is better than dense.

Readability counts.

Special cases aren't special enough to break the rules.

Although practicality beats purity.

Errors should never pass silently.

Unless explicitly silenced.

In the face of ambiguity, refuse the temptation to guess.

There should be one-- and preferably only one --obvious way to do it
Although that way may not be obvious at first unless you're Dutch.
Now is better than never.

Although never is often better than *right* now.

If the implementation is hard to explain, it's a bad idea.

If the implementation is easy to explain, it may be a good idea.
Namespaces are one honking great idea -- let's do more of those!
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print("4 Jt UsLICE") .

if 4 in [1,2,3,4]:
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f2l2l =2 Oalk= ¢ 82 D= - int and floats

#tinclude <stdio.h>

int add int{int, int);
float add_float(float, float);

int add_int{int numl, int num2){

return numl + num2;

float add float(float numl, float num2){

return numl + num2;

2| ==

$

gcc -shared -Wl,-soname,adder -o adder.soc -fPIC add.c

mo|W 2=

from ctypes import *

#load the shared obj
adder = CDLL("./adde

#Find sum of integer
res_int = adder.add

print "Sum of 4 and

#Find sum of floats

a = ¢_float(5.5)

b

c_float(4.1)

add float = adder.ad
add_float.restype =

print "Sum of 5.5 an

ect file

r.so')

5
int(4,5)
5 ="+ str{res_int)

d float
¢_float
d 4.1 = ", str{add_float(a, b))
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ool

def factorial(x):
If ¥x=0:
return 1
else:
return ¥ = factorial{x - 1)

SHAII7tE EH C

o Efg AMEEO| AAR :7}

SHE0| S0{27| 20| & int Faritorialgint xI{l {

if = ()
EII-%-IO” 7.;8 OO:I%!:% Z'I_SL_'|-- I ><re-turn 1,

1 else {

return x = factorial(x - 1);
o =g QhEX| QoM ABHo| Okl }
Ol= 7t= M0 2 =22 &Lt :
171 oA 200 ¢

int factorial{int %) {
if(x ==10) {return 1;} else
{return ¥ » factorial{x - 1); } }
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astropy

Statistics m Python

’ NumPy

P27 @ python” S\~

Ehylables Yoo

‘ GM | StotsModels

(and

many,
SunPy many
more)

£ scikits-image
U] mage processing in python
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@ ofLtEct - mo|M W apAL

® Anacondat= IfZ|X| 2| & HiZZE G326t = HE 5FE Python 1t
RIEZOMY ANO| H{EHO Z A, H|O|E{ AIO|AAQF CHEZF O|O|E X2,
OS24 52| HAzHo Metst @ EAAQO|LCE,

rir

® Anacondas 2X[otH H|O|H 24 5 AM2|st= T7[X|7} 7|2 LHE =0 R0

MEXFNEH o2 X[ “'R7f ZIL}.
- HIOoJE ntst= 2l 2500 &2| wEet W7 X[Z0] RULF.

o Pythono| 8 =7t £ 3 7|14 0]|2t® Anaconda AX|2 HESHL,

ANACONDA.

The Most Popular Python Data Science Platform
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© ofLtzct Mx|
https://www.anaconda.com/

Documentation Blog Comactl _aceTdamStoue= O

OANACONDA What is Anaconda? Products Support Resources Abzt

Case Study

National Grid is building better
predictive models faster with Anaconda
Enterprise.

The Most Popu

Accelerate

Anaconda 5.2 For Windows Installer

——— e o o = =y

Python 3.6 version ” Python 2.7 version *

Streamline your data sclence
workflows from data Ingest through
deployment

& Download & Download

64-Bit Graphical Installer (631 MB) | )
32-BIt Graphical Installer (506 MB)

64-Bit Graphical Installer (564 MB) (7)
32-Bit Graphical Installer (443 MB)

Behind a firewall?
'How to get Python 3.5 or other Python versions
How to Install ANACONDA

DATA ARTIST GROUP @xzm
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@ ofLt2ct x|

Q Anaconda3 5.2.0 (64-bit) Setup - = Q Anaconda3 5.2.0 (64-bit) Setup = B
" License Agreement
we"x_)me to Anaconda3 520 "'. ) ANACONDA Flease review the license terms before installing Anaconda3 5.2.0
(64-bit) Setup (54-bit).
%, ) Setup will quide you through the installation of Anaconda3 Press Page Down to see the rest of the agreement.
5.2.0 (64-hit).
================================== ~
ANACONDA Itis recommended that you dose all other applications Anaconda End User License Agreement
before starting Setup. This will make it possible to update —==================================
relevant system files without having to reboot your —)
computer, Copyright 2015, Anaconda, Inc.
Click Next to continue. All rights reserved under the 3-dause BSD License:
Redistribution and use in source and binary forms, with or without modification, are
permitted provided that the following conditions are met:
v
If you accept the terms of the agreement, dick I Agree to continue. You must accept the
agreement to install Anaconda3 5.2.0 (54-bit).
Anaconda, Inc,
I| Next> || cancel | <Back || 1Agee | | cancel
e o = Ee oo =l
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@ ofLt2ct x|

o Anaconda3 5.2.0 (64-bit) Setup - O

Choose Install Location

Select Installation Type
ANACONDA Please select the type of installation you would like to perform for ":J AMNACONDA Choose the folder in which to install Anaconda3 5.2.0 (64-bit).

Anaconda3 5.2.0 (64-bit).

Setup will install Anaconda3 5.2.0 (54-bit) in the following folder. To install in a different
folder, dick Browse and select another folder. Click Mext to continue,

(") all Users (requires admin privileges)
Destination Folder

|C:fv'\;".b.namnda,3 | Browse...

Space required: 3.0GB
Space available: 26.2GB

Anaconda, Inc, Anaconda, Inc,

r
< Back| || Next > 1 Cancel < Back :_ Mext > ! Cancel
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o
@ ottt x|
o Ol path M3 AE MIASIHK| X2H ALEX7 2 42 8 S ol ofstLt,
0 Anaconda3 5.2.0 (64-bit) Setup > B o Anaconda3 5.2.0 (64-bit) Setup - -

Advanced Installation Options
Customize how Anaconda integrates with Windows

{7) ANACONDA

Advanced Options

I Add Anaconda to my PATH environment variable

Mot recommended. Instead, open Anaconda with the Windows Start I
menu and select "Anaconda {54-bit)". This "add to PATH" option makes
Anaconda get found before previously installed software, but may I
cause problems requiring you to uninstall and reinstall Anaconda. 1
o

Register Anaconda as my default Python 3.6

Thig will allow other programs, such as Python Tools for Visual Studio
PyCharm, Wing IDE, PyDev, and MSI binary packages, to automatically
detect Anaconda as the primary Python 3.6 on the system.

Anaconda, Inc,

<Back | Insall | | Cancel

Thanks for installing Anaconda3!

Anaconda is the most popular Python data sdence platform.

9

ANACONDA.

Share your notebooks, packages, projects and environments
on Anaconda Cloud!

[JLearn more about Anaconda Cloud

[JLearn how to get started with Anaconda

« Back ” Finish Cancel
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@ Conda £ &% 1jj7| x| &

HRAC 2, HOS, 2520 & = Y= LEAA II7|X|/2HH 22| AlA

I
- conda 38O E E9| *'°”°“:f

- Anaconda Prompt

(base) C:#WUsershkjsclubl2>conda list

# packages in environment at C:#Anaconda3:
H

H# Name
_ipyw_jlab_nb_ext_conf

ersion Build Channel
.1.0 py36heb7STFO_0
.7.10 py36hcd07829_0
.2.0 py36_3
L4 py36_0o
py36_0
py3ehfad2e28_0
{pip>
<pip>
py36_0
py36_0
py3thi52elab_1
py36_0o
py36_0
py36_0
py36h81696a8_1
ize 1.0.0 py36hTt9abg834_2
py3thdidccSes_1
py3thfabezed_1
py3chTeb85f7_0
mk 1

anacohda-client
anaconda-navigator
anaconda-project

= O MN =

GO‘)N—‘GOOOOO‘)
Lo

Nw-

8.

—r
aw
o

A backports.shutil_get_termina
beautifulsoupd

—"G(.I')

U
0}
0}
5
1
1
0
1
1
0.
1.
3.
1
2.
0.
1.
n
Yy,
0.
0.
1.

GNOOO')I—'G—'(.H
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@ ofLt2ct x|

o X}F A85l= Conda @EO

7| X E 24

SA0 o2 {7 X[ £ 24

S HE 4%

I 7| x| HA

Ij7|A] EHolE

2= 71X SHoIE

=
Hxg 22 =3

EXote= 7[R B4

$ conda install numpy # numpy & #]|

$ conda install numpy scipy pandas # numpy, scipy, pandas SA| 24|

$ conda install numpy=1.10# E& H# £ %]

$ conda remove package _name

$ conda update package_name

$ conda update —all

$ conda list

$ conda search search_term
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B THOPMO| A 3t 2ho| = 22|l THeh SHLFo| MTBH K| 7Hs

® oj2f JHo| ZEMES XA £|H ZXNIL E = U7|HE0], 2 Y-S HHE WHOLCE
ChE B2l 2to[E 8 2[E 2XI5HOF SHht

o 02 WXIS7| QI3 HalE ANl JhaEHO| HBEL,

—

UstE o2 TEMEDICH T2 Lo THABAS M4

o
ot

AHES AlEHC.

o YA E | xS
H 7tast ol tiEM Ol RE2 37kX| 7} QULH ( veny, virtualenv, conda )

o Anconda pythong EX[3I%E Il 7|28 2= conda 2=0| Z£0| 2% £|7]
20| 7| M= condas AtESHLCL,
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O 7tue 9

[ -

¥ Anconda prompt &0 A{ O}

el HHEHO A
> conda create --name &40|E

£ python = version¥ 3 (ex. 2.7,3.6)

. (base) C:WUsersWEXEM>conda create ——name py2/ python=2.7
® Anaconda3 irh[—| o|-EH enstfE olving environment: done

Z oo 7fat=bE 0l *H*'|E|D=| Ht Package Plan ##
IOl e By 2 =NEa-1 g T EAPNE=XOIM cnvironment location: C:WAnaconda3Wenvsiipy27

PIAE EICH added / updated specs:
- python=2.7
_ E — ] = £
M YS E':H 7§_|%|jo|-E§ O|'X|'- he following NEW packages will be [INSTALLED:

certifi: 2018.4.16—py27_0

pip: 10.0.1-py27_0

python: 2.7.15-he216670_0
setuptools: 39.2.0-py27_0

VC: 9-h7299396_1
vs2008_runtime: 9.00.30729.1-hfaea/d5_1
wheel : 0.31.1-py27_0
wincertstore: 0.2-py2/hfO4cefb_0

Proceed ([y]/n)?
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O 7tue 9

¥ conda activate py27 BEOZ MZ
SO VtdetdE A g 5 Un

1 enyvironment, use

o
¥
1o

# conda deactivate HEH0| = 7}4
SEot0 7|E 2tFo 2 SO0t A St=
HZHO O|LCt,

¥ 36 H-lxl_-lg-l AHE—E— 7|'é>|'§l_|'75|% Dl_f%__ll_ wtho R WETE O
2.7 10f HZUOL 7HH XS A= (hase) CHlsersWEXEMYconda act |vate
OH EXl- - C: wl s er sHEREM: thon —wersion

i S ] y E o A i
conda info --envs YO 2 St EZHYEE 2 715 1 _

= = QILCt, Lpv2 ) CiiilsersWEREM>conda deactivate

thon —wersion
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Q@ FI|E L ESu} TS| 7]
u

7|Z2| Ipython NotebookOf|Af A|%f5t0] R E, O|O[X|, =4 Zut, AH
E, +A 52 BMXII = ER N keep T 4 UM 510] THE2 ARE
Of 249l s &= &7 g “*': - U= 7ot %*E—". ok SO0JLC},
" Jupyter auit | | Logout
Files Running Clusters
Select items to perform actions on them Upload Neww | &
o |~ Name ¥ Last Modified File size
[ Contacts o=
[ Desktop NP ]
(3 Documents otF &
03 Downloads 4A|zZhE
I Favorites il
0 Links or H
0O 3 Music i
3 OneDrive il
(3 Pictures otE
[ python example 202 ©
(3 Roaming 38 H
(3 Saved Games ote
(3 Searches otF &
03 Videos Bl
& Untitled.ipynb st H 954 B
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Q FIE L ES} Tl x| 7|
o =224 OILECHO| M python 2.x, python3.x LAY A

» python 3.x 7t&2tE0| HE QA=

(py36) > conda install ipykernel
» python 3.x0| HZE &A7H

(py36) > python -m ipykernel install --user --name [virtualEnv] --display-

name "[displayKenreIName]"
7| & python 3™ OLIZLCHE X5t = M O 0| =

—

5’#'-* otLt= S UL
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T = ES3} TsiX| 7|
H TOH T ES0AM IO|M A
(py36) > jupyter notebook

Jupyter Quit Logout
Files Running Clusters
L= =1
Select items to perform actions on them. Upload I New » F

0o ~ M/ D E I_TI o:' O L Name + o - — e
IS O3 2420 H 20| EHU= I Pfon =)
O 3D Objects AL == | pyihon3 I
03 Contacts 7E4 % T 9A| E I [py27] 1
U pysel
(3 Desktop I s
3 Documents —Pased |

(3 Downloads )
Text File
3 Favorites Folder

I Links Terminal

(3 Music

_,,
ne
A

(3 OneDrive

-~

>
e [r
A

A

3 Pictures

Saved Games

-~
o
A

seaborn-data

o
ne
=

-]
o
A

Videos

_,,
ne
[l

/ basic_lecture.ipynb

nN
n
A

o
)
0Os
i}
& 6.26 kB
O

mod1.py

N
no
=

244 B
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° U E LESa} TslX| 7]

Up ter Untitled2 Last Checkpoint 78 & (autosaved) P Logout
Fle  Edt View Inset  Cel Kemel Widgets  Help Trusted ‘PythonSO

B+ B % NRin B C M Code A=

=
—
[—

O 22 CHERZE E0E LT

@ HZE 2 o LCt

© 3tH AN o & L Ct.

O Cell € insert t= H5QlL|Ct

O Cell 22| 07 L|Ct,

O 7H<E & HOost= M FLCt,

@ A 2| o+ L Ct

O =7 22|, FLHLLES EEE = = U= MY LICE
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© zZIE| LELT} XIsHX| 7]

File Edit View Insert Cell Kernel Wldgets Help

+ = &N 2+ ¥ ;-H_R_ur'l__. C ». Markdown v!

I_____ e =

# Hello, world'
### hello, world =2i3}7

Run 2 & OR Shift | + | Enter
File Edit Wiew Insert Cell Kemel Widgets Help
+ = @& B A ¥ MHRun B C MW Code v

Hello, world!

hello, world S35} 7|

In [ 1: |
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Q #FOE LE=3} TsiX| 7|

Run &

File Edit View

OR

Insert

Shift

Cell Kemnel

Hello, world!

hello, world E& 3} 7|

In [1]: 3 + 4
Out[1]: 7
In [2]: 3 =5
Outl2]: 1§

+

Widgets

Enter

Help
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@ ol 7|x

- Mz = oo

- http://pythonstudy.xyz/python/article/1-Python-
% EC%86%8C%EA%B0%9C

- https://opentutorials.org/course/2991/17970

- https://zetawiki.com/wiki/Y%ED%8C%8C%EC%9D%B4
%EC%8D%AC %EC%A0%9C%EC%96%B4%EB%AC
%B8

- https://www.codecademy.com/ko/learn/learn-
python?composer curriculum_redirect=python-ko

- https://www.inflearn.com/course/%ED%8C%8C%EC%
9D%B4%EC%8D%AC-%EA%B8%B0%EC%B4%88-
%EA%B0%95%EC%A2%8C/#course-curriculum
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https://opentutorials.org/course/2991/17970
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https://www.codecademy.com/ko/learn/learn-python?composer_curriculum_redirect=python-ko
https://www.inflearn.com/course/%ED%8C%8C%EC%9D%B4%EC%8D%AC-%EA%B8%B0%EC%B4%88-%EA%B0%95%EC%A2%8C/#course-curriculum
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- “Numerical Python” 2| SfAt 2 L & TRl Hif &1}

A3 A0 2R Crye 2 M

- HOolHEZM= 2 I A& &= 2t0|E 82| pandas, matplotlibl| 7| £t

- 7|2H 2= array 2f= BRI = OO H £
- AHO|2t= B = 4 Z5tH &

https://www.youtube.com/watch?v=aHthqCgsSFs&list=PLBHVuUYIKEKULZLnKLzRq1CnNBOBIBTkqgp
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@ numpy §%

2 Ht istOf] H|SH HHr i E=Ellvk=-2=¥s
- H._f—. = (for,while) § O| I:‘||O|E1 Hf Zof CHot M2l 2 K| &
- Yoo 2HHE Ot 7|55 Hls
C,C++, ZERIOZ I ME| S-S OO|HOZ AZHH L& U E 1M

F

Mok

& numpy import

import numpy as np

- O'HJQQE umpy+= npf= alias
7

Of
=
MAXHR fE 22 Ao 2 S8 O|lre Wla
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& Array creation

import numpy as np
test_array = np.array([1, 3, 5, 7], float)
test_array

array([1.,3.,5.,7.])

type(test_array)

numpy.ndarray

type(test_array[3])

numpy.float64
- numpy= np.array 2+ 28510 H{E = g' ‘3 -> ndarray
- numpy= OfLtC| 0| 0| typeBFHIEO| @2 = /U S

- st} 72 2 X}O| &, Dynimic typing not supported
- C2larray= AHE0oI0] H G -
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@ Array creation

Numpy Array

PyObject_HEAD

data

dimensions

strides

- Numpy : data’ &

- List : 4f2

Python List

............... PyObject_HEAD
) 1 length

2 items —> 0x310718

- 0x310748

. 0x310730

: 0x310760

- 0x310700

. 0x3106b8

- 0x3106d0
............... — -

selo] ict. 22 A7]0] HR2|o) &

F47tS MABI0] S[LIM Htoftof BH}

http://jakevdp.github.io/blog/2014/05/09/why-python-is-slow/
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Q Array creation

NDArray Data Structure
N ® ] The float32 data type describes the
dtype | float32 | / array data elements
dmoount | 2 | — T
12 bytes
dimensions | 3 | 3 4 bytes
strides (12| 4 —
data. | * ||% 012ﬁ45(678

A

Memory block

StLES| data(value)
32bit = 4byte

4byte™ £0{A memory blockO| 7t &ICt

https://www.slideshare.net/enthought/numpy-talk-at-siam bATA ArTisT crour CXCM
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& Array shape(vector)
- Array (vector, matrix, tensor)2| 37|, HEj SOf st H&

test_array = np.array([1, 3, 5, “7”], float)
test_array

array([ 1.,3.,5.,7.])

1 | 3 |5 | 7 |=mp (4)

ndarray2| +4 ndarray?| shape
(type : tuple)

- 1X}210|| 4749| element?} = HIE

https://www.slideshare.net/PyData/introduction-to-numpy baTA ARTIST arour @XZM
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& Array shape(matrix)

matrix = [[1,2,3,4],[5,6,7,8],[9,10,11,12]]
np.array(matrix, int).shape

(3,4)
| 1
1 2 3 4
6« (7138 | (34
9 10 | 11 | 12 | |
ndarray2| 44 ndarray2| shape
2K matrix (type : tuple)

https://www.slideshare.net/PyData/introduction-to-numpy baTA ARTiST srour CACM
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& Array shape(3rd order tensor)

tensor = [ [[1,2,3,4],[5,6,7,8],[9,10,11,12]],
[[1121314]1[5161718]1[9110111112]]1
[[1121314]1[5161718]1[9110111112]] ]

np.array(tensor, int).shape

(3,3, 4)

+ > - 4
1 2 3 q
5—] — 7—1 5—]
5 6 7 8
59— 30— Rp—— -
o | 10| 11l 12

ndarray2| 4
3XHE matrix

]

(3,3,4)

ndarray2| shape
(type : tuple)

https://www.slideshare.net/PyData/introduction-to-numpy
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& Array shape - ndim & size

tensor = [ [[1,2,3,4],[5,6,7,8],[9,10,11,12]],
[[1,2,3,4],[5,6,7,8],[9,10,11,12]],
[[1,2,3,4],[5,6,7,8],[9,10,11,12]] ]

np.array(tensor, int).ndim # number of dimension

3
np.array(tensor, int).size # data S/ 7}/
36
| |
1 2 T3 1T 4_11) 1
1 B T i
5 55— 77— S 3 3 4
T Ty (3,3,4)
PR EETANEETR N ST
ndarray2| -4 ndarray2| shape
3K matrix (type : tuple)
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7/ Numpy °

& Array dtype
- Ndarray?| single element?} 7tX|= data type
- Zf element”t XX|St= memory2| 27|17t 2 E
np.array( [[1, 2.6, 3.2], [4, 5.1, 6]], dtype = int)

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

np.array( [[1, 2.6, 3.2], [4, "5", 6]], dtype = np.float32)

array([[1., 2.6, 3.2],
[4.,5.,6.]]. dtype=float32)

DATA ARTIST GROUP @xzm



/ Numpy °

& Array dtype
- nbyte : ndarray objecte| 22| 37| 2| =

6 = 3bits = 1bytes 2> 6* 1bytes

DATA ARTIST GROUP @xzm



7/ Numpy

& reshape
- Array2| shape?l| 37|28 HE (element| /== 5¢Y)

t_matrix =[[1, 2, 3, 4], [5, 6, 7, 8]]
np.array(t_matrix).shape

(2, 4)

np.array(t_matrix).reshape(8, )
array([1, 2, 3,4,5,6, 7, 8])
np.array(t_matrix).reshape(8, ).shape

(8,)

reshape

) (1 | 2 | 3| 4 | 5 | 6 | 7

(2,4) (8,)
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& reshape
- Array2| sizeBt ZCHH CHARAC 2 X7 20| HY Jhs
np.array(t_matrix).reshape(2, 4).shape
(2, 4)
np.array(t_matrix).reshape(-1, 2).shape
(4,2) > -1 sizeE 7|HI2 & row/f 5= A BHC}
np.array(t_matrix).reshape(2, 2, 2)

array([[[1, 2],
3, 4],

L[5, 6],
[7, 8]11)

np.array(t_matrix).reshape(2, 2, 2).shape
(2,2,2)
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7/ Numpy

Q flatten
- CtXHY arrayE 1AM array2 B2t

t_matrix = [ [[1, 2], [3, 4]], [[1, 2], [3, 411, [[1, 2], [3, 4]] ]
np.array(t_matrix).flatten()

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

DATA ARTIST GROUP



/7 Numpy .

Q indexing
- list2} 2| O|X}&l IO [0,0] 2F &€= &7 A
- matrix €48% &2 row F|= column

OH

a = np.array([[1, 2.2, 3], [4, 5, 6.3], int)
print(a)
print(a[0,0]) # row 0A}Z), column 0 Af2] & =5

"
print(a[0][0]) # row 0 A}Z2/, column 0 A2/ g =&

a[0,0]=7 # matrix0,0 07 &'5f
a[0][0] = 8 # matrix 0,0 08 &'5f

pata arTisT crour CAZM



/ Numpy

Q indexing

a = np.array([[1, 2.2, 3], [4, 5, 6.3], int)
print(a)

[[123]
[456]]

print(a[0,0])

1

print(a[0][0])

1

al0, 0] =7
print(a)

[[7 23]
[4 5 6]]

a[0][0] = 8
print(a)

[[8 23]
[4 5 6]]

AAAAAAAAAAAAAAA



/ Numpy °

Q slicing

- listet He| Wit @ BES LA slicing0| 7HsE
- matrix & g =2 [ &

a = np.array([[1, 2, 3, 4, 5], [6, 7, 8, 9, 10], int)

al;, 1:] # &% rowS/1 < O/4f
a[l,2:4] #1rowS/25~3<
#1row~ 2L L~

o 1 2 4
0 1"2 5
1 6"7 8 10
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& slicing
a = np.array([[1, 2, 3, 4, 5], [6, 7, 8, 9, 10]], int)
print(a)

[[12345]
[6 789 10]]

al:, 1:]

array([[ 2, 3, 4, 5],
[7, 8, 9, 10]])

a1, 2:4]

array([8, 9])

a[1:3]

array([[ 6, 7, 8, 9, 10]])

AAAAAAAAAAAAAAA



7/ Numpy

& slicing
a = np.array([[0,1,2,3,4], [5,6,7,8,9], [10,11,12,13,14]], int)
print(a)

[[O1 2 3 4]

[56 7 8 9]

[10 11 12 13 14]]

al:,::2]

array([[ O, 2, 4],
[5, 7, 9],
[10, 12, 14]])

al::2,::2]

array([[ O, 2, 4],
[10, 12, 14]])

0 1 2 3 4
5 6 7 8 9
10 ( 11 | 12 | 13 14
)
AEE E3 step

ARY A"

0 1 2 3 4
5 6 7 8 9
10 | 11 (12 | 13 | 14

https://www.slideshare.net/PyData/introduction-to-numpy
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7/ Numpy
& arange
- arrayl| H{IE X510, 22| listE d-dst= HE O

np.arange(20) #listS/range 8} &2 G/ intege = 0-2E/ 197/ HIZF =
array([O, 1, 2, 3, 4, 5,6, 7, 8, 9,10, 11, 12,13, 14, 15, 16,
17, 18, 19])
np.arange(0, 1, 0.2) # float 7} &
array([0., 0.2, 0.4, 0.6, 0.8])

np.arange(20).reshape(4,5)
array([[ 0, 1, 2, 3, 4],
[5I 6I 7I 8I 9]I
[10, 11, 12, 13, 14],
[15, 16, 17, 18, 19]])
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/ Numpy °

& zeros, ones, empty
- zeros : 022 7t5%t ndarray Md

np.zeros(shape, dtype, order)

np.zeros(shape = (5,2), dtype = np.int8) # 5 by 2 zero matrix 244 int8

array([[O, 0],
[0, 0],
[0, 0],
[0, 0],
[0, O]], dtype=int8)

np.zeros((5,2)) #5 by 2 zero matrix 4&, float

array([[0., 0.],
[0., 0.],
[0., 0.],
[0., 0.],
[0., 0.]])
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© zeros, ones, empty
- ones : 1= 7I5%t ndarray &4

o

np.ones(shape, dtype, order)

np.ones(shape = (5,2), dtype = np.int8) # 5 by 2 one matrix 2424 int8
array([[1, 1],

[1,1],

[1,1],

[1,1],

[1, 1]], dtype=int8)

np.ones((5,2)) # 5 by 2 one matrix & float

array([[1., 1.],
[1.,1.],
[1.,1.],
[1.,1.],
[1., 1.]])
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7/ Numpy ©

& zeros, ones, empty
- empty : shapeft FO{X| 11 H|O{ QY= ndarray ‘d°d
(memory initialization O] &/ X| &S

np.empty(shape, dtype, order)

np.empty(shape = (3,2), dtype = np.int8)
array([[64, 0],

[0, 0],
[ 0, 0]], dtype=int8)

np.empty((3,2))

array([[4.24399158e-314, 8.48798317e-314],
[4.24399158e-314, 8.48798317e-314],
[4.24399158e-314, 8.48798317e-314]])
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7/ Numpy

@ something_like
- 7|& ndarray®| shape 27|2t& 1 or 0 or empty array 2tat

t_matrix = np.arange(15).reshape(3,5)
np.ones_like(t_matrix)

array([[1, 1,1, 1, 1],
[1,1,1,1, 1],
[1,1,1,1,1]])

t_matrix1 = np.arange(15).reshape(3,5)
np.zeros_like(t_matrix1)

array([[0, 0, 0, 0, O],
[0,0,0,0,0],
[0,0,0,0,0]])

t_matrix2 = np.arange(15).reshape(3,5)
np.empty_like(t_matrix2)
array([[ O, O, O, O, 0]

[ 0 O O O 0]

[ 1224, 0, 0,6357104, 0]])
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@ jdentity
- G HEGEE)S MY

n number of rows

np.identity(n = 3, dtype = np.int8)

array([[1, O, 0],
[OI 1) O]I
[0, O, 1]], dtype=int8)

np.identity(n = 5)

array([[1., 0., 0., 0., 0.],
[0, 1.,0.,0.,0.],
[0, 0., 1.,0,0.],
[0, 0.,0.,1,,0.],
[0.,0.,0.,0., 1.]])
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Numpy

Q eye
- CHZHMO| 1Q1 &, kgk0| AlE index B2

Ox
A}
or

np.eye(N = 3, M =4, dtype = np.int)

array([[1, 0, O, 0],
[0, 1,0, 0],
[0, O, 1, O]], dtype=int8)

np.eye(4)

array([[1., 0., 0., 0.],
[0,1.,0.0.],
[0, 0.,1.,0.],
[0., 0., 0., 1.]])

np.eye(3, 6, k = 3)

array([[0., 0., 0.,1.,0.,0.],
[0.,0.,,0.,0.,1.,0.],
[0, 0.,0.,0,0,1.]])
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7/ Numpy ©
@ diag
- O d2o| ¢t =
. —~
t_matrix = np.arange(16).reshape(4, 4) \ ~
: : 0 I~ 2 3
np.diag(t_matrix) \ N
8|5 | 6N 7
array([ 0, 5, 10, 15]) ~ N
8 10 | 1t
12 | 13 44| 15 |\
[~
. o ( >
np.diag(t_matrix, k = 1) 0 \ 1 4 3
array([1, 6, 11]) 4 |\5 6 }
N
8 | 9 N10 | 11 |\
e/
12 | 13 | 14 [15-
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& random sampling

- HO|H 2=0f (2 sampling2 Z arrayE M4

np.random.uniform(0, 1, 12).reshape(4, 3)

array([[0.6471031, 0.70506654, 0.59970038],
[0.97119081, 0.87124496, 0.68000872],
[0.70800846, 0.53908685, 0.57826248],
[0.54314476, 0.89906667, 0.24140212]])

np.random.normal(0, 1, 12).reshape(4, 3)

array([[-0.29703021, -0.16169222, 0.52078926],
[ 0.85924274, -0.88387902, -1.43606194],
[ 1.57495957, -0.18813136, -1.94351926],
[-0.52597883, -1.30939238, -0.83384486]])
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Numpy

& sum
- ndarray?| element=2| &, liste| sumit €2 7|

t_array = np.arange(1, 11)
t_array

array([ 1, 2, 3, 4, 5, 6, 7, 8, 9, 10]
t_array.sum(dtype = np.int8)

55

t_array.sum(dtype = np.float)

55.0
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7/ Numpy

& axis
- B = operation function2 A& [, 7|=0| &= dimension &

t_array = np.arange(1, 13).reshape(3, 4)
t_array

array([[ 1, 2, 3, 4],
[5, 6, 7, 8],
[9, 10, 11, 12]])

t_array.sum(axis = 0), t_array.sum(axis = 1)
(array([15, 18, 21, 24]), array([10, 26, 42]))

axis = 1(HlE{7|F)

axis =0 1 2 3
(row 7|&) 6 |7
! 9 10 11 12

€3,4)

DATA ARTIST croupr AL



/7 Numpy ?

& axis
- B = operation functiong 2d& [f, 7|&0| &[= dimension =

tensor = np.array([t_array, t_array, t_array])

tensor
array([[[ 1, 2, 3, 4],
[5, 6, 7, 8], axis = 2(HEH7|&)
[9, 10, 11, 12]], \a‘xis = O(X}&)
(12,34, @is=1|HESE e
(5 6 7 8, (row7IE) B L A B
) ) ’ ’ - 5' 5 / Z 8_'_
[9, 10, 11, 12]], v -
>— 10— == T
9 10 [ 11| 12

[[1, 2, 3, 4],
[5I 6I 7) 8])

(
[9, 10, 11, /'
12]1])
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/7 Numpy

Q axis

- B .= operation function2 A& [, 7|F0| k| &

= dimension =

tensor.sum(axis = 0)
array([[ 369 12%; axis = 2(HlE7|F)
[15, 18, 21 24], — axis = 0
[27, 30, 33, 36])) T\ (39)
tensor.sum(axis = 1) ?r)(()'\f, ;I-’F{) T I Y 4
L = — T S5—]
array([[15, 18;21;-24]; | S teh 8
[15, 18, 21, 24], 9 \iﬁ;, 11| 12
[15, 18, 21, 24]]) ‘~|'

tensor.sum(axis = 2)

array([[10, 26, 42},
[10, 26, 42],
[10, 26, 42]])

axis =0 axis = 1 axis = 2

paTA arTisT srour ZAZM



7/ Numpy

&2 mean, std
- mean : ndarrayl| 4= 7| B Bt
- std : ndarray?| 2= 7| EFH

t_array = np.arange(1, 13).reshape(3, 4)
t_array

array([[ 1, 2, 3, 4],
[51 6) 7I 8][
[9, 10, 11, 12]])

t_array.mean(), t_array.mean(axis = 0)
(6.5, array([5., 6., 7., 8.]))
t_array.std(), t_array.std(axis = 0)

(3.452052529534663, array([3.26598632, 3.26598632,
3.26598632, 3.26598632]))
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@ Mathematical functions
- Cto =5F A ML

K| =2t (exponential)
- exp, expml, exp2, log, log2, logl0, loglp, power, sqrt

& ZE et 2= (trigonometric)
- sin, cos, tan, acsin, arccos, atctan

A= Mt (hyperbolic)
- sinh, cosh, tanh, acsinh, arccosh, atctanh
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Numpy

& Mathematical functions
- et 33} RIS
np.exp(t_array)

array([[2.71828183e+00, 7.38905610e+00, 2.00855369e+01, 5.45981500e+01],
[1.48413159e+02, 4.03428793e+02, 1.09663316e+03, 2.98095799e+03],
[8.10308393e+03, 2.20264658e+04, 5.98741417e+04, 1.62754791e+05]])

np.sqrt(t_array)

array([[1. , 1.41421356, 1.73205081, 2. 1,
[2.23606798, 2.44948974, 2.64575131, 2.82842712],
[3. ,3.16227766, 3.31662479, 3.46410162]])

np.sin(t_array)

array([[ 0.84147098, 0.90929743, 0.14112001,-0.7568025 ],
[-0.95892427, -0.2794155, 0.6569866, 0.98935825],
[ 0.41211849, -0.54402111, -0.99999021, -0.53657292]])

DATA ARTIST GROUP



/ Numpy

& concatenate
- Numpy arrayE &X|= &=

vstack

a = np.array([1, 2, 3]) 1 2 3 - .
b = np.array([4, 5, 6])
np.vstack((a, b)) 4 5 6 - a
array([[1, 2, 3],

[4, 5, 6]])
a = np.array([ [1], 2, [3] 1) 1 4 |hstack] 4
b = np.array([ [4], [5], [6] ) 2 s | | 2
np.hstack((a, b)) 3 6 3

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

DATA ARTIST GROUP LAY



7/ Numpy

@ concatenate

_ 2 Stk SEA

Numpy arrays & e &= concatenate, axis=0

a = np.array([1, 2, 3]) 1 2 3
1 2

b = np.array([4, 5, 6])
np.concatenate((a,b), axis = 0) 4 5 6 - 2
array([[1, 2, 3],

[4, 5, 6]])

a = np.array([ [1, 2], [3, 4] ])

b = np.array([ [5, 6] ])
np.concatenate((a, b.T), axis=1) #a.7T—=0a 9 G2 =

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

25»1
3 | 4 || 6 4 | 5
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/ Numpy °

@ Operations between arrays
- Numpy<= arrayZt 7[=5 ¢l A& G4t X| &

a = np.array( [[1, 2, 3], [4, 5, 6]], float)
a +a #matrix + matrix GLf

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

a—a #matrix — matrix FAF

array([[O., 0., 0.],
[0., 0., 0.]])

a*a#matrixLff LAS7HEE $IX/0) U= =72 FLf

array([[ 1., 4., 9.],
[16., 25., 36.]])
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7/ Numpy °

@) Element-wise operations
- Array{t shapeO| &2 [f LOjL}= AHA

1 2 3 1 2 3 1 4 9
‘\ /D \ \ )
4 5 6 2@ 4 5 6 | /= | 16 25 36
7 8 9 7 8 9 49 64 81
) 7 ) 49

t_matrix = np.arange(1, 10).reshape(3, 3)
t_matrix * t_matrix
array([[ 1, 4, 9],

[16, 25, 36],
[49, 64, 81]])
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7/ Numpy °

@) Dot product
- matrix2| 7|

= A
- dot &= AE

—

dot_a = np.arrange(1, 7).reshape(2, 3)
dot_b = np.arrange(1, 7).reshape(3, 2)
dot_a.dot(dot_b)

array([[22, 28],
[49, 64]])
‘/l\\/_\
i 1 4 " aa
e i B ,1\ 2 [ 22 \| 28
(L 1 2 3 ) — s/
4 5 6 . I -
\ SI' 6 > by 2
\
2by3 N/ y
3by2
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7/ Numpy

@) transpose
- transpose

CC

-1

—

T attribute AFE

t_a =np.arange(1, 7).reshape(3, 2)

t a

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

t_a.transpose()

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

t a.T

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

t_a.T.dot(t_a)

array([[35, 44],
[44, 56]])

t_a.transpose() /t_a.T

DATA ARTIST GROUP



7/ Numpy °

@) broadcasting
- shapeO| CHE H{E 7+ HAZ X|RSt= 7|

t_matrix = np.array( [[1, 2], [3, 4]], float)
scalar=2
t_matrix + scalar # matrix, scalar 5/ 2/

array([[3., 4.],
[5., 6.]])

DATA ARTIST GROUP @xzm



/ Numpy

@© broadcasting

- shapeO| CtZ H{E 7+ A2 X[RSH= 7|5

S5

t_matrix - scalar # matrix, scalar 4%

array([[-1., 0.],
[1., 2.]])

t_matrix * 3 # matrix, scalar 227

array([[ 3., 6.],
[9.,12.]])

t_matrix / 3 # matrix , scalar Lf=c

array([[0.33333333, 0.66666667],
[1. , 1.33333333]])

t_matrix // 3 # matrix, scalar 3%

array([[O., 0.],
[1., 1.]])

t_matrix ** 3 # matrix, scalar A2

array([[ 1., 8.],
[27., 64.]])
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7/ Numpy °

@) broadcasting
- scalar-matrix 2|0 =, vector-matrixZt2| AT X

t_matrix = np.arange(1, 13).reshape(3, 4)
t_vector = np.arange(100, 400, 100)
t_matrix + t_vector

array([[101, 202, 303],
[104, 205, 306],
[107, 208, 309],
[110, 211, 312]])

[0

1 2 3 100 | 200 | 300 101 | 202 | 303
4 5 6 100 200 | 300 - 104 | 205 | 306
7 8 9 D 10C 20C 300 107 | 208 | 309
10 11 12 10C 20C 300 110 | 211 | 312

DATA ARTIST GROUP




7/ Numpy °

@ Numpy performance
- jupyter notebook 2tE0A ZES| HEXHAS HASt= timeit O[&

def sclar_vector_product(scalar, vector): # scalar S vector 7/ 2] &
result =[]
for value in vector:
result.append(scalar * value)
return result

i_max = 100000000

vector = list(range(i_max))
scalr=2

%timeit sclar_vector_ product(scalr, vector) # for loop = O/ E2F &5

%timeit[scalar * value for value in range(i_max)] # list comprehension =

/&8st &§&

%timeit np.arange(i_max) * scalar # numpy = O/ 52 45
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7 Numpy o

@ All, Any
- All : Array2| G|O|E{7t & =10 2EE5HH True
- Any : Array?| HIO|E & SILI2tE =740 2FESH True

a = np.arange(5)
a

array([O, 1, 2, 3, 4])
np.all(a > 3)

False

np.all(a < 5)

True

np.any(a > 3)
True

np.any(a > 5)

False
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7/ Numpy °

Q All, Any
- Numpy= HiE2| 7|7t 8¢ & [If element?t H| 12
ZA1IE Boolean type2 2 2|H

a = np.array( [1, 5, 3], float)
b = np.array( [4, 7, 2], float)
a>b

array([False, False, True])

array([False, False, False])
(a > b).any()

True

(a > b).all()

False

DATA ARTIST GROUP @xzm



7/ Numpy °

Q) logical_and, logical_not, logical_or

a = np.array( [2, 3, 1], float)
np.logical_and(a>0,a<3) #and 2779/ b/

array([ True, False, True])

b = np.array( [ False, True, True ], bool )
np.logical_not(b) # not 2779/ H/.!

array([ True, False, False])

c = np.array( [ False, False, False ], bool)
np.logical_or(b, c) #or =719/ H| i

array([False, True, True])

DATA ARTIST GROUP @xzm



7/ Numpy

Q) np.where

where( &=, True, False )

a = np.array( [2, 3, 1], float)
np.where(a>1,0, 3)

array([O, O, 3])

a = np.arange( 3, 10)
np.where(a>6) # True Z{S/index g/ El2f

(array([4, 5, 6], dtype=int64),)

a = np.array( [ 2, np.NaN, np.Inf ], float)
np.isnan(a) #null 2/ &2 True

array([False, True, False ])
np.isfinite( a ) # 28 & =2/ Z-2 True

array([True, False, False])

DATA ARTIST GROUP @xzm



7/ Numpy

& argmax, argmin
- arrayLlf Z|CHE} EE= E[AZ9| index Bizt

a=np.array([2,3,1,5,6,22,11])

np.argmax(a), np.argmin(a)
(5, 2)

- axis 7|gto| Hi=t

L

a =np.array([[1, 4, 2, 22], [45, 32,4, 7], [34,54,9, 8] ])
np. argmax(a, axis = 0), np.argmin(a, axis = 1)

(array([1, 2, 2, 0], dtype=int64), array([O, 2, 3], dtype=int64))

0o 1 3
——1——4 -

[ 3
S
U
w
N
S
Sl N T

N
N
Ul

g[l

~ 9
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7/ Numpy °

@ boolean index

- numpyl| BiE2 S8 =0 [HE 4= HE SE=E =F 7ts
[o] =t

- comparison operation &+sE B5F ALE Tts

t a=np.array([3,5, 8,0, 7, 4], float)

t a>4

array([False, True, True, False, True, False])

t alt a>4] # X770/ True & indexSf LA P + =
array([5., 8., 7.])

tc=t a<4

t c

array([ True, False, False, True, False, False])

t_aft_c]

array([3., 0.])
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/ Numpy °

@© fancy index
- numpy?| arrayE index valueZ A3 gts ==

f a=np.array([1, 2, 3, 4, 5, 6], float )
f b=np.array([1,0,2,0,1, 4], int) # BF.EA/integer = 12/
f_alf_b] #bracket index, b 8 F°/ Z/= index = 8/ 0fa S/ gt T =

array([2.,1.,3.,1.,2.,5.])
f a.take(f_b) # take : bracket index 8} €2 &21f
array([2.,1.,3.,1.,2,,5.])
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7/ Numpy

Q@) fancy index
- matrix YE O|O|F

f a=np.array( L.[l, 3,7],13,4,5] ], float)
f b=np.array([1:0, 1,0, 1], int)

fc= np.array(a'[l,sl, 0,0, 2],int)

f a[f b, f c] # [axis =0, axis =1 ]

array([4., 3., 3., 1.]5.])

0
0 1 3 7
1 3 "4 5
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7/ Numpy

Q) loadtxt, savetxt
- text typel| HIO|HE €11, N7F

a = np.loadtxt( "./price.txt”)
a[:5] # python 7/ Z2Ef &/ float FEf= &2 &

array([[1.00e+00, 2.30e+04, 3.40e+03, 1.96e+04],
[2.00e+00, 4.20e+04, 6.90e+03, 3.51e+04],
[3.00e+00, 6.10e+04, 2.70e+03, 5.83e+04],
[4.00e+00, 1.90e+04, 8.60e+03, 1.04e+04],
[5.00e+00, 6.90e+04, 3.70e+03, 6.53e+04]])

a_int = a.astype(int)
a_int[:3]
array([[ 1, 23000, 3400, 19600],

[ 2,42000, 6900, 35100],
[ 3,61000, 2700, 58300]])

DATA ARTIST GROUP



/ Numpy

© loadtxt, savetxt
- text typel| HIO|HE €11, %

np.savetxt( "int_price.csv", a_int, delimiter =

nn
’

)

“ Jupyter int_price.csvv aminute ago

File

4 = D 0~ O WP -

Edit View

.000000000000000000e+00, 2.
.000000000000000000e+00, 4.
.000000000000000000e+00
.000000000000000000e+00
.000000000000000000e+00
.000000000000000000e+00
.000000000000000000e+00
.000000000000000000e+00
.000000000000000000e+00
.000000000000000000e+01,

1NANNANNANNNNNNNANNNALN 1

.6.
1.
.6.
.9.
.5,

Language

300000000000000000e+04
200000000000000000e+04
100000000000000000e+04
900000000000000000e+04
900000000000000000e+04
000000000000000000e+04
200000000000000000e+04

,2.800000000000000000e+04
,8.100000000000000000e+04
2.600000000000000000e+04

1 2NANNNNANNNNNNNNNANNALNA

,3.400000000000000000e+03, 1.960000000000000000e+04
.6.900000000000000000e+03 , 3. 510000000000000000e+04
,2.700000000000000000e+03, 5.830000000000000000e+04
.8.600000000000000000e+03, 1.040000000000000000e+04
,3.700000000000000000e+03 , 6. 530000000000000000e+04
.6.400000000000000000+03 . 8. 360000000000000000e+04
,3.800000000000000000e+03 , 4. 810000000000000000e+04
,6.800000000000000000e+03, 2. 120000000000000000e+04
. 1.000000000000000000e+04 , 7. 100000000000000000e+04
,5.400000000000000000e+03, 2. 060000000000000000e+04

A BANANNANNANANNNANNNNALNAZ 1 4 ANANNANANANNNANNNNALAA

np.

savetxt( "int_price_2.csv", a_int, fmt = '%d’, delimiter ="," )

" Jupyter int_price_2.csve 22

File

S OO O~NOO~ WM —

Edit View

1,23000, 3400, 19600
2,42000,6900,35100
3,61000,2700,58300
4,19000,8600, 10400
5,69000,3700,65300
6,90000,6400, 83600
7,562000,3900,48100
8,28000,6800,21200
9,81000, 10000, 71000
10,26000, 5400, 20600
11,16000.4600, 11400

Language
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Numpy °
© numpy object : npy

- Numpy object (pickle) YE|Z OO|HE X &St 22

- Blnary -CE;IEHE El-(DEI X-lél- o = | g OE H| S8 | Ui O e [ ()
np'save( ”npy_teSt-npy ! , dlfif = a_int ) s nzy_t;;%rllr;;?v{ 'descr': '<i4', 'fortran or

npy_array = np.load( file = "npy_test.npy")

npy_array[:5]

array([[
[

[
[
[

1, 23000,
2, 42000,
3, 61000,
4, 19000,
5, 69000,

3400, 19600],
6900, 35100],
2700, 58300],
8600, 10400],
3700, 65300]])

N

O &= W

(o)

|

10
11
12

N U LNU LI

INULNULENULNULSTXINULNULNULID LEE N ULNULIESE
(NUTNU g 84l ? 20
(SOHNULIMSONULNULIDC )% ?
INULNUTLNUTENULNULICANNAKNULINULESENULNULVTINUL
8Jl ABSINULNULEOTIBINULNULSONULN

SN U T NULEARNULCANNULNULNULESOHNULMNULNUTIRENUT]
S OHNU LENUTLNULEINULNU LERINULNULNU LEEENUTLINULCAND

INULNULEZENULNU LWINU LNULINU LK N UL NULEIS
[SOHNUTLMNULNULNULBSERNULNULENULINULENINU L NU [N
(SOHNULAS INULNU LIRENU LEINULNULNULIBINU LN U LI
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4. 20|22 2|
(2) pandas

AAAAAAAAAAAAAAA



/ Pandas - overview ©

Q@ Pandas - overview

- pythonA| 2| &} A&
- /45 array Al4E 20| E.2{2] 2 numpylt S5H,
ZES«ATYEAE”HE| 7|52 {2

o
= = —l o -t
- QEY, AuE B, XN e SE Al

[Pandas

. Jx3IE H0|E 9 H2|E K|Sk python B0 E.B{ 2] P

E0

4]

Q)

http://tripkendall.com/2018/01/pandas-for-python/ bata arTisT crour @XZM



/ Pandas - overview o

QECIOIE =T

import pandas as pd

data_url = 'http://archive.ics.uci.edu/ml/machine-learning-
databases/housing/housing.data’

df data = pd.read_csv(data_url, sep = '\s+', header = None)

#csv Ef 2] LJO/Ef 2 & separate = BIE&7FC = A&, Column=2 SI&

df data.head()

0 1 2 3 4 S 6 7 8 9 10 1 12 13

0 0.00632 18.0 2.31 0 0.538 6.575 65.2 4.0900 1 296.0 15.3 396.90 4.98 24.0

1 0.02731 0.0 7.07 0 0469 6.421 78.9 4.9671 2420 178 396.90 9.14 216

NN

2 002729 00 7.07 0 0.469 7.185 61.1 4.9671 2420 17.8 392.83 4.03 34.7

3 0.03237 0.0 218 0 0.458 6.998 45.8 6.0622

w

222.0 18.7 394.63 294 334
4 006905 00 218 0 0.458 7.147 542 6.0622 3 2220 18.7 396.90 533 36.2
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/ Pandas - overview o

@ pandas 7+

0 1 2 3 4 S 6 7 8 9 10 1 12 13

0 |0.00632 | 18.0 2.31 0 0.538 6.575 652 4.0900 1 296.0 15.3 396.90 4.98 24.0
1 10.02731| 0.0 7.07 0 0.469 6.421 78.9 4.9671 2420 17.8 396.90 9.14 21.6
2 |10.02729 | 0.0 7.07 0O 0.469 7.185 61.1 4.9671 2420 17.8 392.83 4.03 34.7
3 10.03237 | 0.0 2.18 0 0.458 6.998 458 6.0622 3 222.0 18.7 39463 294 334

4 10.06905| 0.0 218 0 0.458 7.147 54.2 6.0622 3 222.0 18.7 396.90 5.33 36.2

N

serise DataFrame
DataFrame & StLI2| ColumnOf| SH & Data Table M| & ZE&St= Object

Sl= O|O|H 2| 2F Object

DATA ARTIST GROUP



/ Pandas - Series o

Q) Series
- column vectorE E 5= object
- indexZt Z& =l humpy

from pandas import Series, DataFrame
import pandas as pd

ex obj = Series( ) shift + tab
A o N

Init signature: Series(data=None, index=None, dtype=HNone, name=None, copy=False, fastpath=False)
Docstring:
One-dimensional ndarray with axis labels (including time series).
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/ Pandas - Series o

Q) Series
- column vectorE E 5= object
- numpy.ndarray 2| subclass
- O™ typel| dataZt= CIE = RULF.
- index labels2 ER253tLt =MOE §& 2 H2&= SI0
- duplicates 7}s53ICH (g5 2AEOH )

ex Obj Series(data = list_data)
ex_obj 0 q 3
0 3| 1 |y || 2]
i1 21 typetint 64
2 4 ) | 2 ) | |4
13 11
3 1
i4 5 i q
gtype: int64 4 _} 5
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/ Pandas - Series o

Q) Series

list data=1[2.2,3,4.2,5, 1]
IiSt_name - [ llalI’ llbll’ IICII’ Ildll’ Ilell]
exp_obj = Series( data = list_data, index = list_name )

exp_obj

a 2.2

b 3.0 .

¢ 42 index values

d 5.0

q 2.2
e 1.0 i
dtype: float64 b q 3 |~
— type T float64d

C q .
d q >
e q 1

DATA ARTIST GROUP



/ Pandas - Series °

Q) Series

dict data={"a":1,"b":3,"c":4,"d":5,"e":1}
exp_obj = Series( dict_data, dtype = np.float32, name = "dict_series" )
exp_obj

datatype 2™  series 0|5 &2

a 1.0
b 3.0
c 4.0 _
d 5.0 index values
e 1.0 —
Name: dict_series, dtype: float32 a —} 1.0
b q 3.0—
™ type 7float32
c q .
d q 5.0|
= q 1.0
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/ Pandas - Series o

Q) Series

exp_obj[ "a" ] # data S/ index 0 &=

1.0

exp_obj[ "a" ] = 1.4 #data index= Zof g 25!

exp_obj

a 14

b 3.0 index values

c 4.0

d 50 a q 1.4

e 1.0 b 3.0

Name: dict_series, dtype: float32 '
c q 4.0
d q 5.0
e q 1.0
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/ Pandas - Series o

Q) Series

exp_obj.values # Z{ 0l 8 &'of= 2/2E B3 numpy ZEff
array([1.4, 3.,4.,5., 1. ], dtype=float16)

exp_obj.index # index £/~ & ZIE) = Fl2l

Index(['a’, 'b’, 'c', 'd’, 'e'], dtype='object')

_________
-~ ~~

exp_obj.name ="example

~ -
~ .-

exp_obj.index.name = "index_a"
exp_obj

index_a

a 1.400391
b 3.000000
c 4.000000
d 5.000000
e 1.000000
Name: example, dtype: float16
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/ Pandas - Series

Q) Series

dict data={"a":1,"b":3,"c":4,"d":5,"e":1}
indexes = [ "a", "b", "c", "D", "e", "f", "g" ]
series_obj 2 = Series(dict_data, index = indexes)
series_obj 2

a 1.0

b 3.0

c 4.0

D NaN
e 1.0 index & 7| =2 & series 4
f Na

g NaN

dtype: float64
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Pandas - Series

@ Series - index?t £7t=l numpy, numpyd|A 7ts3%t 74 Ct&t

exp_obj[exp_obj > 1]

index_a

a 1.400391

b 3.000000

c 4.000000

d 5.000000

Name: example, dtype: float16

exp_obj * 3

index_a
a 4.203125

b 9.000000

c 12.000000

d 15.000000

e 3.000000

Name: example, dtype: float16

np.exp(exp_obj)

index_a

a 4.058594

b 20.078125

c 54.593750

d 148.375000

e 2.718750

Name: example, dtype: float16

"x" in ex_obj
False
exp_obj.to_dict()

{'a': 1.400390625, 'b": 3.0, 'c': 4.0,
'd": 5.0, 'e": 1.0}

DATA ARTIST GROUP



/ Pandas - DataFrame °

@ DataFrame
seriesE T OfA OHE data table : 7|2 2K &

0 1 2 3 4 5 6 7 8

(d=]

10 11 12 13

0 10.00632 | 18.0 2.31 0 0.538 6.575 65.2 4.0900 1 296.0 15.3 396.90 4.98 24.0

1 10.02731| 0.0 7.07 0 0.469 6.421 789 49671 2 2420 17.8 396.90 9.14 216
2 1002729 | 0.0 7.07 0 0469 7.185 ©61.1 49671 2 2420 17.8 39283 4.03 34.7
3 10.03237 | 0.0 218 0 0.458 6.998 458 6.0622 3 222.0 18.7 394.63 294 334

4 |0.06905| 0.0 218 0 0458 7.147 542 6.0622 3 2220 18.7 396.90 5.33 36.2

N

serise DataFrame
DataFrame & SFLt2| ColumnOf| Sl & Data Table T X|E E&S= Object

Sol= H|O|H 2| 2F Object
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/ Pandas - DataFrame °

@ DataFrame

o 02| 72| series?| & columns [foo bar baz qux
o 4Z10| AE2 CHE type2ZE  jndex
&2 = ULt
e row2} column index”t &X| Al—> 1|0 X 97 True
o AT LMAUOILt AKX E S
AO|=E |FUHA =2 & B|—~> |4 y 6 L
A O|O
ToMe cC|—> | 8 z 10 False
D| > |-12 w NA False
E —» | 16 a 18 False
— —— —— —— ——

https://www.slideshare.net/wesm/pandas-powerful-data-analysis-toals-forzpython .. ¢xem



/ Pandas - DataFrame °

@ DataFrame

r data ={
"eity" ¢ [
"Seoul", "Seoul", "Jeonju”, "Busan", "Incheon", "Goyang"
],
"name" : [
||O|Io-|_J|\_n’ ||_E_XE-I n' nEOﬂ oln anEOFn "TI?__%A——!" ||_T|_L_|_E| n
],
"job" 1 [
SEA R K| Ot 17 Kb
],
|Iagell : [
22,53, 26, 33,43, 34

) I_JI\_%}_T_IJ.I’ I%:I Obl-ll, 'it!
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/ Pandas - DataFrame

@ DataFrame

df = pd.DataFrame( data, columns = [ 'name’, 'job’, ‘city’, 'age'] )

df

name job city age
0 O] Al Seoul 22
1 =& HFEX| 9 Seoul 53
2 2459 A=A Jeonju 26
3 X=0F Adgtat Busan 33
4 234 e Incheon 43
5 1LiZ it Goyang 34

DATA ARTIST GROUP



/ Pandas - DataFrame o

@ DataFrame

DataFrame(r_data, columns = [ "age", "city" ] )

age city column 41 EH

0 22 Seoul

1 &3 Seoul _
DataFrame(r_data, columns = [ 'name’, 'job’, ‘comp’])

2 26 Jeonju name job comp AHE o x
2 column F7}
3 33 Busan 0 o|X= StA NaN
4 43 Incheon 1 ZX™ Xxlel  NaN
5 34 Goyang 2 29y Z%  NaN
3 fj=of 4drm NaN
4 =34 FEg NaN

5 ILb2| it NaN

DATA ARTIST GROUP



Pandas - DataFrame

@ DataFrame

df = DataFrame(r_data, columns = [ 'name’, 'job’, ‘city’, 'age’, ‘comp'])
df.name
IESES

[ A
|_xE-I_I_

3 B column &4 St =¢

XH§OF DataFrame Of| A{ series data =& S}= A

o5 M
™—o

s
Name: name, dtype: object

u b WOWDN O

df["'name"]

0| &=~

[ A
|_xE-I_|_

QAT
Xz Of

I=NESDS
™—o

L2
Name: name, dtype: object

u b WDN O
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/ Pandas - DataFrame o

@ DataFrame

df = DataFrame(r_data, columns = [ 'name’, 'job’, 'city’, 'age’, ‘comp'])
df

name job city age comp
0 O|™=x S Seoul 22 NaN
T>28s FK[Q Seoul 53 NaN
loc[1] # index location 7[= 4
df.loc[1] # index location 7/Z 2 ods  #HE  Jeonju 26 NaN
O 3 A
name EEC_DII_ 3 xfzof AgtE  Busan 33  NaN
jOb Oxll_
city Seoul 4 2ZM @Y Incheon 43 NaN
age 53 5 1Lz it Goyang 34 NaN
house NaN
Name: 1, dtype: object

I o~
df[ "name" .iloc[1] # index position 7/T

| A
B
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/ Pandas - DataFrame °

@ DataFrame
- loc, iloc

ex_ind = pd.Series(np.nan, index=[12,13,14,3,2,1])

ex_ind

12 NaN

13 NaN ) ) :

12 NaN ex_ind.loc[:2] # index location 7/, 2/Z/2 name
3 NaN 12 NaN

2 NaN 13 NaN

1 NaN 14 NaN

dtype: float64 3 NaN

2 NaN
dtype: float64

ex_ind.iloc[:2] # index position 7T

12 NaN
13 NaN
dtype: float64

DATA ARTIST croupr LKAKZ(]



/ Pandas - DataFrame °

@ DataFrame

- columndi| {22 H|o|H &
df.comp = df.age > 30
df
name job city age |comp
0 O|™= ShAH Seoul 22 | False
1 2m2 MK Seoul 53 | True Boolean index S Ef
2 QJ3| A& Jeonju 26 | False
3 X{=0of AHr=t  Busan 33 | True
4 2=z M AA Incheon 43 | True
S5 1Ltg| it Goyang 34 | True

DATA ARTIST GROUP @xzm



/ Pandas - DataFrame °

@ DataFrame
- columnd| M2 H|o|E g2t

dfT # transpose, numpy 7/& =&0/ & + Y&

o
-
N
w
NS
(4

name O|F¥s 2E: oI MO 2EAH Il
job B TR BT 29B  FY it

city Seoul Seoul Jeonju Busan Incheon Goyang
age 22 53 26 33 43 34

comp False True False True True True

DATA ARTIST GROUP @xzm



Pandas - DataFrame

@ DataFrame

- columnOj A2 H|Oo|g g2t

o

not

df.values

array([['O| & ==, 'et ", 'Seoul', 22, False],
284 ""HX| 9" 'Seoul', 53, True],
[RAS|, AE" 'Jeonju', 26, False],
['X{ = OF, 'A':c';“.;*', 'Busan', 33, True],
24 'Y, 'Incheon', 43, True],

['ALI2], 'it", 'Goyang', 34, True]], dtype=object)
df.to_csv()
M Sk

name ,job,city,age,comp\n0, 0| o—r, =k
& Seoul,22,False\n1,=& 5,3 X| 2| Seoul,53,True\n2,
901 5|, 4% Jeonju,26,False\n3,Xl| = Of A~ Bt
2t Busan,33,True\n4, =&, & &, Incheon,43,True\n5,

1 Lt2E|,it,Goyang,34,True\n'

DATA ARTIST GROUP



/ Pandas - DataFrame

@ DataFrame
- column AHH|

del df["comp"]

df
name job city age
0 O|&™=£ ShAH Seoul 22
1 E2&H4 FX 2 Seoul 53
2 9F3| 2% Jeonju 26
3 Xf=0F Akt Busan 33
4 2= g Incheon 43

an
-
I
L}
=

Goyang 34

DATA ARTIST GROUP



/ Pandas - DataFrame

@ DataFrame
- dict 0]l dict

ex_dict ={'seoul':{1:33,2:22}, 'busan':{3:35,4:37}}
ex_dict

{'seoul': {1: 33, 2: 22}, 'busan': {3: 35, 4: 37}}
DataFrame(ex_dict)

seoul busan

1 33.0 NaN
2 220 NaN
3 NaN 35.0

4 NaN 37.0

DATA ARTIST GROUP



/ Pandas - selection & drop °

@& column names?} index numberE 0|23t data selection
- oMl HO|H 0| &, xIrd 2= &EX|

Iconda install -y xIrd # promp &2/ conda & & Of jupyter Of A ALE

df = pd.read_excel("./excel _sample/sampledata.xlsx")
df.head

OrderDate Region Rep Item Units Unit Cost Total

0 2016-01-06 East Jones Pencil 95 1.99 189.05
1 2016-01-23 Central Kivell Binder 50 19.99 999.50
2 2016-02-09 Central Jardine Pencil 36 499 179.64
3 2016-02-26 Central Gill Pen 27 19.99 539.73
4 2016-03-15 West Sorvino Pencil 56 2.99 167.44

DATA ARTIST GROUP @x@m



/ Pandas - selection & drop °

@ column names?} index numberE 0| &% data selection
df["Region"].head(3) # 2/7f column 15/

0 East

1 Central

2 Central

Name: Region, dtype: object

dff ["Region", "Item", "Unit Cost"] ].head(3) #1 -7/ O/&/ S/ column 75/

Region ltem Unit Cost

0 East Pencll 1.99
1 Central Binder 19.99
2 Central Pencill 4.99
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/ Pandas - selection & drop

@& column names?} index numberE 0|23t data selection
df[ :3 ] # column O/ &0/ Af&E S} = index number =row 7/ HA/

ltem Units Unit Cost Total

OrderDate Region Rep

0 2016-01-06 East Jones
1 2016-01-23 Central Kivell
2 2016-02-09 Central Jardine

df[ "Region" ][ : 3]

Pencil
Binder

Pencil

95
50
36

1.99 189.05
19.99 999.50
499 179.64

# column O/E21f 87 row index AlEA[ ol 5F column Ef 2/ E

0 East

1 Central

2 Central

Name: Region, dtype: object
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Pandas - selection & drop

Q) Series selection

tot_series = df["Total"]
tot_series[:4]

0 189.05
1 999.50
2 179.64
3 539.73
Name: Total, dtype: float64

tot_series|[[O, 3]]

0 189.05
3 539.73
Name: Total, dtype: float64

tot_series[tot_series > 1000]

12
21
23
34
38
41

1619.19
1183.26
1305.00
1005.90
1139.43
1879.06

Boolean index S E}

Name: Total, dtype: float64

tot_series > 1000

OO~ kWM —= O

RN S N G — Y
WM — O

False
False
False
False
False
False
False
False
False
False
False
False

True
False
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/ Pandas - selection & drop

@& Index HZA

df.index = df["Units"]
df.head(3)

OrderDate Region Rep Item Units Unit Cost Total

Units
95 2016-01-06 East Jones Pencil 95 1.99 189.05
50 2016-01-23 Central Kivell Binder 50 19.99 999.50
36 2016-02-09 Central Jardine Pencil 36 499 179.64
del df['Units']
df.head(3)
OrderDate Region Rep Item Unit Cost Total
Units
95 2016-01-06 East Jones Pencil 1.99 189.05
50 2016-01-23 Central Kivell Binder 19.99 999.50

36 2016-02-09 Central Jardine Pencil 499 179.64

DATA ARTIST GROUP



/ Pandas - selection & drop °

@) basic, loc, iloc selection

df[["OrderDate", "Region"]][:2] # column name Zfindex number 7/ =
OrderDate Region

Units

95 2016-01-06 East
50 2016-01-23 Central

df.loc[[95, 36], ['OrderDate", "Region"]] # column Zfindex name 7/=
OrderDate Region

Units

95 2016-01-06 East
36 2016-02-09 Central
df.iloc[:2, :2] # column Zfindex number 7=
OrderDate Region
Units

95 2016-01-06 East

50 2016-01-23 Central
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/ Pandas - selection & drop

®index XM H

df.index = list(range(0,43))

df.head()
OrderDate Region Rep ltem Unit Cost Total
0 2016-01-06 East Jones Pencil 1.99 189.05
1 2016-01-23 Central Kivell Binder 19.99 999.50
2 2016-02-09 Central Jardine Pencil 499 179.64
3 2016-02-26 Central Gill Pen 19.99 539.73
4 2016-03-15 West Sorvino Pencil 2.99 167.44

DATA ARTIST GROUP



/ Pandas - selection & drop °

@ data drop

df.drop(1).head(3) # index name = drop
OrderDate Region Rep Item UnitCost Total

0 2016-01-06 East Jones Pencil 1.99 189.05

2 2016-02-09 Central Jardine Pencil 499 179.64

3 2016-02-26 Central Gill Pen 19.99 539.73

df.drop([0,1,2,3]).head(3) # 2/7 O/&/S/index name= drop
OrderDate Region Rep ltem Unit Cost Total

4 2016-03-15 West  Sorvino Pencil 2.99 167.44

5 2016-04-01 East Jones Binder 4.99 29940

6 2016-04-18 Central Andrews Pencil 1.99 149.25

DATA ARTIST GROUP @xzm



Pandas - selection & drop

@ data drop

- axis A| ™ot =

df.drop("Rep", axis = 1).head(3)

7|&=2 2 drop

OrderDate Region Item Unit Cost Total
0 2016-01-06 East Pencil 1.99 189.05
1 2016-01-23 Central Binder 19.99 999.50
2 2016-02-09 Central Pencil 499 179.64
- M| drop El= H2 OFL| 1, BAHEZ BHSO{A = O|%
- dropE! dataframe= /St 4 O™ ChA| St

. Z=A| HIYSED éggﬂ.j inplace = True A&

df.head(3)

OrderDate Region Rep Item UnitCost  Total
0 2016-01-06 East Jones Pencll 1.99 189.05
1 2016-01-23 Central Kivell Binder 19.99 999.50
2 2016-02-09 Central Jardine Pencll 499 179.64

A
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/ Pandas - selection & drop °

@ data drop

df_drop = df.drop("Rep", axis = 1) # drop 2/ Z 2F A =2 dataframe &&
df _drop.head(3)

OrderDate Region ltem Unit Cost Total

0 2016-01-06 East Pencil 1.99 189.05
1 2016-01-23 Central Binder 19.99 999.50
2 2016-02-09 Central Pencil 499 179.64

df_drop.drop("ltem", axis = 1, inplace = True) # 274/ dataframe 0 B} = B/ <
df drop.head(3)

OrderDate Region Unit Cost Total

0 2016-01-06 East 1.99 189.05
1 2016-01-23 Central 19.99 999.50
2 2016-02-09 Central 499 179.64

DATA ARTIST GROUP @xzm



/ Pandas - DataFrame operations °

Q) Series operation

- seires= numpy0i| index F7t2tZ
index 7| =22 ALt —r"?ﬁ
BX|= index?t 8l 8% nandf Bt
numpye= AFO|=7F SHX| RO ™ error

s1 = Series( range(1, 6), index = list("abcde"))

sl
a 1
b 2
S s2 = Series( range(6,11), index = list("cdefg"))
d 4 s2
e 5 c 6
dtype: int64 d 7
e 8
f 9
g 10
dtype: int64
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Pandas - DataFrame operations

Q@ Series operation

sl.add(s2)

a NaN

b NaN

c 9.0

d 11.0

e 13.0

f NaN

g NaN
dtype: float64

sl +s2

a
b
C

© 0 —hDd® A

NaN
NaN
9.0
11.0
13.0
NaN
NaN

type: float64

sl.add(s2, fill_value = 0)

a
b
C
d
e
f
g
d

1.0
2.0
9.0
11.0
13.0
9.0
10.0

type: float64
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/ Pandas - DataFrame operations

@ DataFrame operation
- DataFrame2 columnit index 25 115
- add operation2 2™ NaNzf H=A|H = U
- Operation types : add, sub, div, mul

dfl = DataFrame(np.arange(4).reshape(2, 2), columns = list("ab"))
dfl
a b

0 0 1

1 2 3

df2 = DataFrame(np.arange(9).reshape(3, 3), columns = list("abc"))
df2

DATA ARTIST croupr LKAKZ(]



/ Pandas - DataFrame operations

@ DataFrame operation

dfl + df2

a b C

0 00 20 NaN
1 50 7.0 NaN

2 NaN NaN NaN

dfl.add(df2, fill_value = 0)
a b c

0 00 20 20
1 50 7.0 5.0
2 60 7.0 80
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/ Pandas - DataFrame operations

Q) Series + DataFrame

df = DataFrame(np.arange(9).reshape(3, 3),
columns = list("abc"))

df

a b c a b C
©a = 10 | 11 | 12
1345|:|':::| 10 @ 11 | 12
2 6 7 8 10 11 | 12

column 7| EL 2
. HF
broadcasting ‘&

s = Series(np.arange(10,13),
index = list("abc"))
S

a 10
b 11
c 12
dtype: int32
df +s
a b ¢
0 10 12 14
1 13 15 17

2 16 18 20
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/ Pandas - DataFrame operations

Q) Series + DataFrame

columns = list("abc"))

df

a b c 0 1 2
0 0 1 2 10 11 12
1 3 4 5 [{}] 10 11 12
2 6 7 8 10 11 12

column 7| =2 &2

broadcasting ‘& A SIC}. A
2 Z2 index? XS} X]

@o o= NaNoO| 2| H

Lo ——

s2 = Series(np.arange(10, 13
df = DataFrame(np.arange(9).reshape(3, 3), <2 (np el )

0 10
1 11
2 12

4w dtype: int32

c 0 1

0 NaN NaN
1 NaN NaN

2 NaN NaN

NaN NaN NaN
NaN NaN NaN

NaN NaN NaN

NaN
NaN

NaN
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/ Pandas - DataFrame operations

Q) Series + DataFrame

df.add(s2, axis = 0)

a b ¢

0 10 11 12
1 14 15 16
2 18 19 20
d

0 O

1 3

2 6

axis 7| =2 &2
row broadcasting =

Al

10 10 10
11 11 11
12 12 12

e
o
L
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/ Pandas - lambda, map, apply o

Q) Lambda

lambda argument : expression

def f(x): f=lambdax:x+5
return x + 5 f(3) Ll
L |
8
f(3)
8
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/ Pandas - lambda, map, apply o

°Lambda

f=lambdax: x/3 # OfL}9/ O/=~E+ X2/

f(6)

2.0

f=lambda x; x ** 2 # ofL}9/ O/=~0F X/ 2/

f(4)

16

(lambda x: x + 4)(2) # O/ &'5/6fA/ &= lambda
6
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/ Pandas - lambda, map, apply

& map

I-O

f

_|_
O
- |
(=1

O

®)
=

sequ
M50 list2 Bzt

iz A5y uor

1%

map(function, sequence)

seq=[1, 2, 3,4,5]
f=lambda x: x * 3
list(map(f, seq))

[3,6,9, 12, 15]

seq =13, 2, 6,4, 5]
f=lambda x: x-3
list(map(f, seq))

[OI _11 3/ 11 2]

uenced H|O|HE QIXt=E &0}

O=2 Tt4+E |lambda ¥EIE &

—

Ra0iCH gejare
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/ Pandas - lambda, map, apply

@ map &+
- 22} sequenced H|O|HE QXK= 20} 2F @A OCt isEt2
st=E ME31J] |ist2 Htzt
. QHIEOZ BtAE
— —1—

aOT =

lambda YEIZ H

map(function, sequence)

f=lambdax,y:x+vy

list(mapl(f, seq, seq)) # =74 0/&/S/ 2/+7F U= M=

# 7S/ sequence &= M/ Ot E!
[2,4,6,8,10]

o
O T =2

list(map(lambda x: x * x, seq)) # Y& of+ JLf= AtE
# python3 O A] list 8f += 24 X/ %2 H memory +227F LI =

[1, 4,9, 16, 25]
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/ Pandas - lambda, map, apply o

@ map for series
- Pandas?| series type2| HIO|EHO| = map &+ AR 7S
- function CH4! dict, sequenced™ XtE2SCZ M| 7t

s = Series(np.arange(10))
s.head(5)

0 O
1 1

3 3
4 4
dtype: int32

s.map(lambda x: x + 3).head(5)

3
4

7

0
1
2
3 6
4
dtype: int64
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/ Pandas - lambda, map, apply o

@ map for series

dic = {1: 'apple’, 2: 'banana’, 3: 'carrot'}
s.map(dic).head(5) # dict type = LJO/E L X g0/ Z2 & NaN

0 NaN

1 apple

2 banana

3 carrot

4  NaN
dtype: object

s2 = Series(np.arange(100, 500, 100))
s.map(s2).head(5) # &2 P/ X/S/ LJO/E Es2 = 1 2F

0 100.0
1 200.0
2 300.0
3 400.0
4  NaN
dtype: float64
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/ Pandas - lambda, map, apply

@ map for series - ex)

df = pd.read_csv("./excel sample/map_1.csv")

df.head()
city age sex job marriage height
0 seoul 23 male student n 67.43
1 busan 42 male salesman y 76.21
2 jeonju 52 female ceo y 954.33
3 incheon 13 male student n 35.22

4 daejeon 43 female professor n 48.99
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/ Pandas - lambda, map, apply

@ map for series - ex)

df.sex.unique()

array(['male’, 'female'], dtype = object)

df["sex_code"] = df.sex.map({"male": 0, "female": 1})

# & 5 string type -> int type
df.head()

city age sex job marriage height sex_code
0 seoul 23 male student n 67.43 0
1 busan 42 male salesman y 76.21 0
2 jeonju 52 female ceo y 54.33 1
3 incheon 13 male student n 3522 0
4 daejeon 43 female professor n 48.99 1

df.sex_code.unique()

array([0, 1], dtype=int64)
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/ Pandas - lambda, map, apply

Q) replace function
- Map°**9l 7| & HIoJE
- O|O|E| HBIA| Bto| AR S

r|r T

df.marriage.replace({"y": 1, "n": 0}).head()

0
1

w N - O

0
4 0
Name: marriage, dtype: int64

df.marriage.replace(["y", "n"], [1, 0]).head()

0
1

0

0
1
2
30
4
Name: marriage, dtype: int64
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/ Pandas - lambda, map, apply

Q) replace function

df.head()

city age sex job marriage height sex_code
0 seoul 23 male student n 6743 0
1 busan 42 male salesman y 76.21 0
2 jeonju 52 female ceo y 54.33 1
3 incheon 13 male student n 35.22 0
4 daejeon 43 female professor n 48.99 1

df.marriage.replace({"y": 1, "n": 0}, inplace = True)

df.head()

city age sex job marriage height sex_code
0 seoul 23 male student 0 67.43 0
1 busan 42 male salesman 1 76.21 0
2 jeonju 52 female ceo 1 54.33 1
3 incheon 13 male student 0 35.22 0
4 daejeon 43 female professor 0 48.99 1
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/ Pandas - lambda, map, apply o

Q) apply for dataframe
- maplt =2|, series T A (column)Of SHE &+E MHE
- series HO|EHZ Y0} handling 7=

df_2 =df[["age", "height"]]

df 2.head()
age height
0 23 6743
1 42 76.21
2 52 5433
3 13 3522
4 43 48.99
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/ Pandas - lambda, map, apply

Q) apply for dataframe

f = lambda x: x.max() - x.min()

df 2.apply(f) # Z} column 22 Z1}Zr Hist
age 39.00
height 60.44

dtype: float64

TR X PNR-TEN

L= L= O %
- mean, std & AI27l=
df 2.sum()
age 299.00

height 531.54
dtype: float64

df 2.apply(sum)

age 299.00
height 531.54
dtype: float64
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/ Pandas - lambda, map, apply o

Q) apply for dataframe
- scalar %} 0|2|0| series Zf2| EtatE 7=

def f(x):
return Series([x.min(), x.max(), x.mean()], index = ["'min", "max", "mean"])
df 2.apply(f)

F

[jot

age height

min 13.000000 35.22

max 52.000000 95.66

mean 33.222222 59.06
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/ Pandas - lambda, map, apply o

@ applymap for dataframe
- series CtR|7t Ot element(@A)CHYZE T A2
- series THR|0f| applyE HEA|Z MeF &2 21

f = lambda x: -x f = lambda x: -x
df 2.applymap(f).head(5) df 2["height"].apply(f).head(5)
age height 0 -67.43
1 -76.21
0 -23 -67.43 5 5433
1 -42 -76.21 3 -35.22
4 -48.99
2 -52 -54.33 Name: height, dtype: float64
3 -13 -35.22
4 -43 -48.99
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/ Pandas - L& &= o
@ Pandas L& g (Built-in functions)

- Numeric type HIO|H2S| 9% HEHE HO&F

df = pd.read_csv("./excel_sample/map_1.csv")

df.head()
city age sex job marriage height
0 seoul 23 male student n 67.43
1 busan 42 male salesman y 76.21
2 jeonju 52 female ceo y 54.33
3 incheon 13 male student n 35.22
4 daejeon 43 female professor n 48.99
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/ Pandas - L& &= o

@ Pandas LH &&= (Built-in functions)
- Numeric type HIO|H2| 2<% HEHE HO &

df.describe()

age

height

count
mean
std
min
25%
90%
75%

max

9.000000
33.222222
12.978615
13.000000
24.000000
33.000000
43.000000
52.000000

9.000000
59.060000
18.133007
35.220000
48.990000
54.330000
67.430000
95.660000
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/ Pandas - L& &= o

@ unique
- series datal| 43t 4f= listZ 2| &

df job.unique() # 7 &' 2F &/ 219/  list

array(['student’, 'salesman’, ‘ceo’, 'professor’, 'clerk’, 'researcher’,
'police’, 'artist'], dtype=object)

np.array(dict(enumerate(df["job"].unique()))) # dict type S = index

array({0: 'student’, 1: 'salesman’, 2: 'ceo’, 3: 'professor’, 4: 'clerk’,
5: 'researcher’, 6: 'police’, 7: 'artist'}, dtype=object)
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/ Pandas - L& &= o

@ unique
- series datal| st 4= list2 2=

key = np.array(list(enumerate(df["job"].unique())), dtype=str)[:, 1].tolist()

key # label index i +=

['student’,
'salesman’,
‘ceo’,
'professor’,
‘clerk’,
'researcher’,
'police’,
‘artist']

value =list(map(int, np.array(list(enumerate(df["job"].unique())))[:, 0].tolist()))
value # label 2 ==

[OI 1I 2I 3' 4’ 5I 6) 7]
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/ Pandas - L& &= o

@ unique
- series datal| st 4= list2 2=

df["job"].replace(to_replace = key, value = value, inplace = True)
df.head() # label str = index A L= H2f

city age sex job marriage height
0 seoul 23 male 0 n 67.43
1 busan 42 male 1 y 76.21
2 jeonju 52 female 2 y 54.33
3 incheon 13 male 0 n 35.22
4 daejeon 43 female 3 n 48.99
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/ Pandas - L& &= o

Qsum
- 7|2HQl column E£ row 42| AAts X &
- sub, mean, min, max, count, median, mad, vars

df.sum(axis =0) # column 2/4/

city 36.00
age 299.00
sex 5.00
job 28.00

marriage  4.00
height 531.54
dtype: float64

df.sum(axis = 1).head() # row 2/7/

0 90.43

1 121.21

2 112.33

3 51.22

4 99.99
dtype: float64
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/ Pandas - LiZ&ters

@ isnull
- column E= row #f2] NaN(nulD) 42| index Btgt

df.isnull().head(3)

city age sex job marriage height

0 False False False False False False
1 False False False False False False
2 False False False False False False

df.isnull().sum().head(3)

city O
age O
sex O

dtype: int64
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/ Pandas - L& &=

Q) sort_values
- column S 7|£2 2 H0|HE sorting

df.sort_values(["age", "height"], ascending = True).head(5)

# ascending = True= L5 At 5 &
city age sex job marriage height

3 3 13 0 0 0 3522
0 0 23 0 0 0 67.43
8 8 24 1 7 0 46.15
) 5 24 1 4 1 51.32
6 6 33 0 5 0 95.66
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/ Pandas - L& &= o

&) cumsum
- column S 7|£2 2 H0|HE sorting

df.cumsum().head(5) # =%/ 2/

city age sex job marriage height

0 00 230 00 0.0 0.0 6743
1 10 650 0.0 1.0 1.0 143.64
2 30 1170 1.0 3.0 20 197.97
3 6.0 130.0 1.0 3.0 20 233.19
4 100 173.0 2.0 6.0 20 282.18

DATA ARTIST GROUP @xzm



/ Pandas - L%

St
—

A
T

Q) sort_values

- column &= 7|&

df.cummax().head(5) # L/ 277} FHA] 7F

O 2 O|O|HZ sorting

Xt =2 7F0
O - HA

city age sex job marriage height
0 00 230 0.0 0.0 0.0 67.43
1 1.0 420 00 1.0 1.0 76.21
2 20 520 1.0 20 1.0 76.21
3 3.0 520 1.0 20 1.0 76.21
4 40 520 1.0 3.0 1.0 76.21
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/ Pandas - &&= °

@© Correlation & Covariance
- HEA et SEME POl T

- corr, cov, corrwith

df.age.corr(df.height) # dfS/coll, col2 &fEIHEFA A
0.27022986518660663

df.age.cov(df.height) # Z/57F 24 A
63.596249999999976

df.corrwith(df.height) # LfEA/2/=LF L) O] E Z 2 O if ArZEFEFA A AF
# OfLIO| BIAOF LI X B~ 710] ABIEAHE 2 [ =2
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/ Pandas - L& &= o

@) Correlation & Covariance
- MEA =t SE4tS FA5tE e

- corr, cov, corrwith

df.corr() # &Af &2

city age sex job marriage height

city 1.000000 -0.049236 0.519615 0.940845 -0.086603 -0.116544

age -0.049236 1.000000 0.399997 0.163983 0.550250 0.270230

sex 0.519615 0.399997 1.000000 0.594442 0.350000 -0.500684

job 0.940845 0.163983 0.594442 1.000000 0.051245 0.059439
marriage -0.086603 0.550250 0.350000 0.051245 1.000000 0.024197
height -0.116544 0.270230 -0.500684 0.059439 0.024197 1.000000
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4. 20|22 2|
(2) matplotlib

AAAAAAAAAAAAAAA



/ matplotlib °

@ 7| %CHx| 7]

import matplotlib.pyplot as plt
%matplotlib inline # jupyter notebook &A1 2= ==

plt.figure() # Z/4) /7127
plt.plot([1, 2, 3,4, 5, 6,5, 4, 3, 2, 1])
plt.show() # =057/

6 4

5 4

paTA arTisT srour ZAZM



/ matplotlib o

© 7| =CHX| 7]

%matplotlib tk # =L/ E/ = EZ S/ 2Z0JA =5

plt.figure() # Z/4) /7127
plt.plot([1, 2, 3,4, 5, 6,5, 4, 3, 2, 1])
plt.show() # H01=7

' Figure 1 — O %

T T T : : ;
0 2 4 6 8 10

& € +al= B
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/ matplotlib °

@ Numpy &

Import numpy as np

X = np.arange(0, 12, 0.01)
plt.figure

plt.plot(x)

plt.show()

0 200 400 600 800 1000 1200
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/ matplotlib

6 figure 27| =7

plt.figure(figsize = (4, 2))

plt.plot(x, y)
plt.show()

10 -
0.5 1
0.0 1

-0.5 1

100 1
0.75 4
0.50 4
0.25 1
0.00 4
-0.25 A
-0.50 A
-0.75 A1
-1.00 A

plt.figure(figsize = (6, 4))

plt.plot(x, y)
plt.show()
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/ matplotlib °

© =a(grid)

plt.figure(figsize = (6, 4))

plt.plot(x, y)

plt.grid() # grid(color="r', linestyle="-', linewidth=2)
plt.show()

100 A1
0.75 1
0.50 1
0.25 1
0.00 1
-0.25
-0.50 A
=0.75 1

-1.00 -
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/ matplotlib °
@ EO| S(title)
plt.figure(figsize = (6, 4))
plt.plot(x, y)
plt.grid()
plt.title("sinewave") sinewave
plt.show() 100 -
0.75 1
0.50 1
0.25 1
0.00 1
-0.25 1
—0.50 -
-0.75 -
~1.00
b 8 1|0 12
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matplotlib

6 2t (1abel)

dy = np.diff(y)

len(x), len(dy)
(1200, 1199)

%whos

Variable Type  Data/Info

dy ndarray 1199: 1199 elems, type float64’, 9592 bytes

np module <module 'numpy' from 'C:\<...>ges\\numpy\\__init__.py">
plt module <module 'matplotlib.pyplo<...>\\matplotlib\\pyplot.py'>

X ndarray 1200: 1200 elems, type float64’, 9600 bytes

y ndarray 1200: 1200 elems, type ‘float64’, 9600 bytes




/ matplotlib °

& 2t (1abel)

plt.figure(figsize = (6, 4))
plt.plot(x, y)

plt.plot(x, dy)

plt.grid()

plt.title("sinewave"
plt.xlabel('time') #x= 2/ 2 & &
plt.ylabel('value') # y = 2} Z & &

plt.show()
241 raise VafueErEor(”k and y must have same first dimension, but "
—> 242 "have shapes {} and {}".format(x.shape, y.shape))
243 if x.ndim > 2 or y.ndim > 2:
244 raise ValueError("x and y can be no greater than 2-D, but have "

ValueError: x and y must have same first dimension, but have shapes (1200,) and (1199,)
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/ matplotlib °

6 2t (1abel)

dy= np.insert(dy, 0, 0.01)/0.01

plt.figure(figsize = (6, 4)) z:z
plt.plot(x, y) .
plt.plot(x, dy) .
plt.grid() % 0.00 1
plt.title("sinewave" ~0.25 1
plt.xlabel('time') #x= 2t ME = -0s0-
plt.ylabel('value') # y= 2} X & ~0.75 - V
plt.show() -1.00 1 i
0 2 - tmiS\e 8 10 12
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/ matplotlib

& Hl(legend)

plt.figure(figsize = (6, 4))
plt.plot(x, y, label = 'sin’)
plt.plot(x, dy, label = 'cos’)
plt.grid()

plt.legend()
plt.title("sinewave"
plt.xlabel('time') # xZ= 2t
plt.ylabel('value') # y= 2t
plt.show()

= 1O
Hl X
= 1O

100 1

0.75 1

0.50 A1

0.25 A1

0.00 1

-0.25 1

—-0.50 A

-0.75 1

-1.00 -

sinewave

——-N \/
cos
T T T T T T
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/ matplotlib °

L ETEES]

plt.figure(figsize = (6, 4))

plt.plot(x, y, Iw =5, label ='sin') # w7 2/ 2/ = 7/ X
plt.plot(x, dy, 'g’, label = 'cos')

plt.grid() #'g" 2/ =/

plt.legend()

plt.title("sinewave") sinewave

plt.xlabel('time') #x= 2/ 2 &5 100
plt.ylabel('value') # y = 2/ 2 &5 o35 |
plt.show() 0.50 1

0.25 A

0.00 A1

value

=0.25 -
-0.50 -

-0.75 1

-1.00 -

time

paTa arTisT crour ACZM



/ matplotlib °

@ xlim—x,y = K|

plt.figure(figsize = (6, 4))
plt.plot(x, y, Iw =5, label ='sin') # w7 2/ 2/ = 7/ X
plt.plot(x, dy, 'g’, label = 'cos')
plt.grid() #'g' 4 =
plt.legend()
plt.title("sinewave")
plt.xlabel('time') #x= 2/ Z &5 |, ——
pltylabel('value') #y = 2/ Z &5 .. — s
plt.xlim(0, 4) _—
plt.show() 025 -

0.00 1

sinewave

value

-0.25 1
-0.50 1
-0.75 1

-1.00 1

00 05 10 15 20 25 30 35 40
time
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/ matplotlib °

@ xlim-x,y 5 HIX|H

plt.figure(figsize = (6, 4))

plt.plot(x, y, Iw = 5, label = 'sin') #Ilw=4: 2fO/F 7/
plt.plot(x, dy, 'g’, label = 'cos')

plt.grid() #'g" 2/ =/

plt.legend()
plt.title("sinewave") ESa—
plt.Xlabel('timE') #Xg'lS E/%ﬂ /I/-/'g 20 — sin
plt.ylabel('value') #y = £/ Z &5 151 —=
plt.ylim(-2, 2) 10 -
plt.show() 05 1 /-\
3 00
g
-0.5
-1.0
-1.5
-2.0 T T T T T T T
0 2 4 6 8 10 12
time
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/ matplotlib °

QoA EE
- https://matplotlib.org/api/_as_gen/matplotlib.pyplot.plot.html

a = np.arange(0, 3, 0.1)

plt.figure()

plt.plot(a, a, a, a**2, a, a**4)

# plot 2r0f G 21709/ x,y L O/ Ef & ZF A & Lf S/ 1 E It
plt.show()

70 1

20 -

10 -

0.0 05 10 15 20 25 30
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/ matplotlib

@ OrA
a = np.arange(0, 3, 0.1)

* plot2H0| 0§ 2471 2| x,y G| O|E{ &
7tX|H, Ct=2| e & 7ts

plt.figure() * oo HEETEAN A
plt.plot(a, a, 'r--', a, a**2, 'ys', a, a**4, 'bN') *ys' :Oiaifj'}}ﬁ _
plt.show() * pn Q|2 BB A B2 0| THEHA

70 - a
a = np.arange(0, 3, 0.1) - R

50 1 A
plt.figure() A
plt.plot(a, a, 'r--) “
plt.plot(a, a**2, 'ys’) 30 - X
plt.plot(a, a**4, 'b"') 20 Al

w“

plt.show() o . R

0] EasaEEraEasa-td ASmmmupr=o .

0.0 05 10 15 20 25 30
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/ matplotlib

@ Ot
a = np.arange(0, 3, 0.1)

plt.figure(1)
plt.plot(a, a, 'r--)

plt.figure(1)
plt.plot(a, a**2, "ys’)

plt.show()
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/ matplotlib °

a ot ;
9
a=[0,1,2,3,4,5,6,7,8,9, 10] 8 -
b=[2,5,6,4,8,9, 10, 2,4,5, 7] 71
6 4
plt.figure() >
plt.plot(a, b, color = 'red') :
plt.show() N
0 2 4 6 8 10
10 4
9 4
plt.figure() :
plt.plot(a, b, color = 'red’, linestyle = 'dotted') &
plt.show() 5 1
2
0 2 4 6 g 10
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/ matplotlib °

@ O0F#A

plt.figure()
plt.plot(a, b, color = 'red’, linestyle = 'dotted’, marker ='s')
plt.show()

10 1 -
9 - l '

8 m
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/ matplotlib °

@ O0F#A

plt.figure()
plt.plot(a, b, color = 'red’, linestyle = 'dotted’, marker ="'s', markerfacecolor = 'black')
plt.show()

10 - -
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/ matplotlib °

@ O0F#A

plt.figure()

plt.plot(a, b, color = 'red’, linestyle = 'dotted’, marker ='s', markerfacecolor = 'black’,
markersize = 10)

plt.show()

10 - n
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/ matplotlib °

& 2 HEf2| a2} = ( scatter, bar, barh, pie)
- scatter : 2 = #PSt= [| O] H

a =np.array([0, 1, 2, 3,4,5,6,7,8,9, 10])
b =np.array([2, 5, 6, 4, 8,9, 10, 2, 4, 5, 7])
plt.figure() 10 4 o
plt.scatter(a,b) .
plt.show()
7 .
5 °
5 ® ®
4 ° °
3 .
2 ® ®
0 2 a 6 8 10
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/ matplotlib °

& 2 HEf2| a2} = ( scatter, bar, barh, pie)
- scatter : 2 = #PSt= [| O] H

plt.figure()
plt.scatter(a, b, marker ='d’)
plt.show()

10+ v
9 1 ¢

8 - ¢

0 2 4 6 8 10
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/ matplotlib

& 2 HEf2| a2} = ( scatter, bar, barh, pie)
- scatter : O = #6t= | O] H

colormap =a # color A/ &

plt.figure()

plt.scatter(a, b, s = 100, ¢ = colormap, marker ="'d")
plt.colorbar() # A/ & &F color EE‘?D :

plt.show()

Q
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8 4
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/7 matplotlib ’

@ o 2{HE} 2] B = ( scatter, bar, barh, pie)
- bar: HFHE | 2 #26t= H|O| H

plt.figure()
plt.bar(a, b)
plt.show()

10 A

8 10
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/ matplotlib °

& o 2{HEf2| Ol = ( scatter, bar, barh, pie)
-bar: HIYE| 2 HE315}= 00| H

plt.figure()
plt.bar(a, b, width = 0.4, color = 'g") # width : 5 O/~ %
plt.show()

10 A

6 -
4 -
i !
0 2 - b 8 10
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/ matplotlib °

& o 2{HEf2| Ol = ( scatter, bar, barh, pie)
-bar: HIYE| 2 HE315}= 00| H

y =np.array([4, 2, 3,6,8,1, 7,5, 6, 10, 2])
plt.figure()

plt.bar(a, b, color ='r', width = 0.3, label = 'pizza’)
plt.bar(a + 0.4, y, color ='b’, width = 0.3, label = 'chicken')

plt.xlabel('data’) 10 | wem pizza
plt.ylabel('mount') W chicken
plt.legend() B 1
plt.show() N
g

4 4

2 .

0 -

0 2 4 6 8 10

data
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/ matplotlib

& o 2{HEf2| Ol = ( scatter, bar, barh, pie)
- bar: HHYEE HE95I= §|O|H

* xticks& 0| 8¢ x= 27

plt.figure(figsize = (20, 10))

plt.bar(a, b, color ='r', width = 0.3, label = 'pizza’)

plt.bar(a + 0.4, y, color = 'b', width = 0.3, label = 'chicken')
plt.xlabel('data’)

plt.ylabel('mount')

plt.legend()

plt.xticks(a, ('2015-1Q’, '2015-2Q/, '2015-3Q/, '2015-4Q’, '2016-1Q/, '2016-
2Q', '2016-3Q/, '2016-4Q/, '2017-1Q', '2017-2Q/, '2017-3Q"))

plt.show()
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/ matplotlib

* xticks& 0| 8¢t x= &%

mount

10 H

4
o

& o 2{HEf2| Ol = ( scatter, bar, barh, pie)
bar: HHHE| 2 BH35I= | O| E

B pizza
B chicken

2015-1Q 2015-2Q 2015-3Q 2015-4Q 2016-1Q 2016-2Q 2016-3Q 2016-4Q 2017-1Q 2017-2Q 2017-3Q

data

paTa aArTIsT srour ZAZM



matplotlib

& o 2{HEf2| Ol = ( scatter, bar, barh, pie)
- bar: HIYE £ HP6t= H|0|H

* barhS 0|8 L B 124z
plt.figure(figsize = (10, 5))

plt.barh(a, b, color ='r', width = 0.3, label = 'pizza')
plt.barh(a -y, y, color ='b’, width = 0.3, label = 'chicken’)
plt.xlabel('data’)

plt.ylabel('mount')

plt.legend()

plt.xticks( [-10, -5, O, 5, 10], ('10', '5', '0", '5', '10"))

plt.show()
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/ matplotlib °

& o 2{HEf2| Ol = ( scatter, bar, barh, pie)
- bar: HHYEE HE95I= §|O|H

* barh 0|88 Cf 3 B 1Y =

10 1 R
El chicken

8 [

61 L
: . 4
-
g

‘ I 4

21 [

0 [

10 5 0 5 10
data

paTa aArTIsT srour ZAZM



/ matplotlib °

@ o 2{HE} 2] B = ( scatter, bar, barh, pie )
- pie
y = np.array([4, 2, 3, 6, 8, 1])

plt.figure()

plt.pie(y)
plt.show()
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/ matplotlib °

@ o 2{HE} 2] B = ( scatter, bar, barh, pie )

- pie
label = [ 'Blue’, 'Orange’, 'Green', 'Red’, 'Purple’, 'Brown']
plt.figure
plt.pie(y, labels = label)
plt.show()
Blue
Red

Brown

Purple
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/ matplotlib °

@ subplot
_SESHO| of 2 2= LFELY 7|

plt. figure(figsize = (8, 6))

plt.subplot(221) # 2 by 2 subplot & 1 17
plt.subplot(222) # 2 by 2 subplot & 2 17
plt.subplot(223) # 2 by 2 subplot 3 3 E17
plt.subplot(224) # 2 by 2 subplot 3 4 E17

plt.show()
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/ matplotlib

@ subplot

_SESHO| of 2 2= LFELY 7|
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/ matplotlib

@ subplot
_SESHO| of 2 2= LFELY 7|

plt. figure(figsize = (8, 6))

plt.show()

plt.subplot(221) # 2 by 2 subplot = 1 E17
plt.subplot(222) # 2 by 2 subplot 3 2 E17
plt.subplot(212) # 2 by 1 subplot & 2 H1#
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/ matplotlib °

@ subplot
_SESHO| of 2 2= LFELY 7|

plt. figure(figsize = (8, 6))

plt.subplot(421) #4 by 2 subplot 2 1 Z1#
plt.subplot(422) # 4 by 2 subplot 2 2 H1#
plt.subplot(412) #4 by 1 subplot 2 2 Z1#Y
plt.subplot(413) #4 by 1 subplot & 3 E#f
plt.subplot(427) #4 by 2 subplot & 7 Z1#
plt.subplot(428) # 4 by 2 subplot & 8 H1#

plt.show()
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/ matplotlib °

@ subplot
_SESHO| of 2 2= LFELY 7|

10 10

0.5 1 05 1

00 T L T T 00 T L T T
1000 n2 04 06 08 10 0o n2 04 06 08 10
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0.0 0.2 04 06 08 10 0.0 0.2 04 0.6 08 10
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matplotlib

€ subplot
- Ot 2t HO|| O 2] 2= LIEfLY Y|
x1 = np.linspace(0.0, 5.0) plt.subplot(3, 2, 3)
x2 = np.linspace(0.0, 2.0) plt.plot(x2, y2, '-")

plt.ylabel('ex_Y')
vyl =np.cos(2 * np.pi * x1) * np.exp(-x1)

y2 = np.cos(2 * np.pi * x2) plt.subplot(3, 2, 4)
plt.plot(x2, y2**2, '-sb')
plt. figure(figsize = (10, 8)) plt.ylabel('ex_Y')
plt.subplot(3, 1, 1) plt.subplot(3, 1, 3)
plt.plot(x1, y1, 'g-') plt.plot(x2, y2**3, 'r.-')
plt.title('A tale of 4 subplots') plt.xlabel('time (s)')
plt.ylabel('ex_Y') plt.ylabel('ex_Y')

plt.show()
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/ matplotlib

@ subplot

- SH S} RO) 0] 2= LIEFLY7

A

Lale of 4 subplots
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/ matplotlib °

@ol2E™ & L2 S X (boxplot)
-JMRAREE K= HEHSHE

data = np.random.normal(10, 5, 1000)
#&Ztgl:10, 37/ : 5, LIO/E 285~ 5007, 7fPL Z2HEO0/EZ5~158 52 + 5

plt.figure()
plt.plot(data) =
plt.show()
20 -
10 -
5
0 .
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/ matplotlib °

@ol2E™ & L2 S X (boxplot)

-RAEEE VA= HEHE 28
plt.figure()
plt.hist(data)

plt.show()
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/ matplotlib °

@ol2E™ & L2 S X (boxplot)
_JIQABTE IR HEHHA 2L

— O -1 = O

plt.figure()
plt.hist(data, bins = 20)

plt.show()
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matplotlib

6 o|AE-H & YA Z F(boxplot)
-IRAREE VA= HEHST EE
s1 = np.random.normal( loc = 0, scale = 2, size = 1000)

s2 = np.random.normal( loc = 5, scale = 0.5, size = 1000)
s3 = np.random.normal( loc = 10, scale = 1, size = 500)

plt.figure(figsize = (10,8))
plt.plot(s1, label = 's1’)
plt.plot(s2, label = 's2’)
plt.plot(s3, label = 's3")
plt.legend()

plt.show()
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/ matplotlib

°'5|*EJE" & HF A = X (boxplot)
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/ matplotlib

@ o|AETH & BFA S E(boxplot)

IRAREE IR AW 2

plt.figure()
plt.boxplot((s1, s2, s3))

plt.grid()
plt.show()
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/ matplotlib °

Q) example_1

# https://matplotlib.org/qgallery/pyplots/whats_new 98 4 fill between.html#sphx-glr-
gallery-pyplots-whats-new-98-4-fill-between-py

import matplotlib.pyplot as plt

iImport numpy as np

X = np.arange(0.0, 2, 0.01)
y1 =np.sin(2*np.pi*x)
y2 = 1.2*np.sin(4*np.pi*x)

fig = plt.figure()

ax = fig.subplots()

ax.plot(x, y1, x, y2, color = 'black’)

ax.fill_between(x, y1, y2, where = y2 > y1, facecolor = 'green’)
ax.fill_between(x, y1, y2, where = y2 <=y1, facecolor = 'red')
ax.set_title('fill between where')

plt.show()
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/ matplotlib °

Q) example_1

fill between where
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matplotlib

Q) example_1

x[:10]
array([0. , 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09])

y1[:10]

array([O. ,0.06279052, 0.12533323, 0.18738131, 0.24868989,
0.30901699, 0.36812455, 0.42577929, 0.48175367,
0.53582679])

y2[:10]

array([0. ,0.06279052, 0.12533323, 0.18738131, 0.24868989,
0.30901699, 0.36812455, 0.42577929, 0.48175367,
0.53582679])




/ matplotlib °

© example_1

plt.figure()
plt.plot(x, y1, 'r', x, y2, 'b")
plt.show()
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/ matplotlib °

Q) example_1

fig

plt.plot(x, y1, 'r', x, y2, 'b")

plt.fill_between(x, y1, y2, where = y2 > y1, facecolor = 'green’)
plt.show()
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/ matplotlib °

Q) example_2

# Fixing random state for reproducibility
np.random.seed(19680801)

# Compute pie slices

N =20

theta = np.linspace(0.0, 2 * np.pi, N, endpoint = False) # 0~20 AfO/Z 2%pi = 5o} 7 LI+= g
radii = 10 * np.random.rand(N)

width = np.pi / 4 * np.random.rand(N)

plt. figure(figsize = (10, 8))

ax = plt.subplot(111, projection = 'polar’)
bars = ax.bar(theta, radii, width = width, bottom = 0.0)

# Use custom colors and opacity

for r, bar in zip(radii, bars):
bar.set_facecolor(plt.cm.viridis(r / 12 ))
bar.set_alpha(0.5)

plt.show()
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/ matplotlib o

© example_2
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/ matplotlib °

© example_2
plt.subplot(111, projection = 'polar’)
plt.show()
%O
180°

270°
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/ matplotlib °

Q) example_2

plt.figure(figsize = (10, 8))
ax = plt.subplot(111, projection = 'polar’)
bars = plt.subplot(111, projection = 'polar').bar(theta, radii, width = width, bottom = 0.0)

forr, bar in zip(radii, bars):
bar.set_facecolor(plt.cm.viridis(r / 10. )) #p/asma inferno, magma

bar.set_alpha(0.5) P

plt.show()

25° 3150
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/ matplotlib °

Q) example_2

ax = plt.subplot(111, projection = 'polar’)
bars = ax.bar(theta, radii, width = width, bottom = 0.0)

forr, bar in zip(radii, bars):

bar.set_facecolor(plt.cm.plasma(r / 10.)) # plasma, inferno, magma
bar.set_alpha(0.5) 90°

plt.show() 13?/ NS

180°

270°
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