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2ol JHQ: matplotlib 7| ZEE{ AENX|

» 1. matplotlib A7l2} 7|2 X
> pyplota} ZHH| X|gk Al
> Figure@} Axes2| 7| 0|3}
> 2. 7|2 Jgj= ag|7|
» plot, scatter 4= AL
> M/Fo| AEMY XM (M, O, 218 5)
> 3. AIZtR 74 24 0127
> = 20|8, M=, Hal(legend), == HH
» colorbar, colormap, layout H&
> 4. 2X}<l G|O|E{ A|Zts}
> meshgridE &85t S10M AlZst
» contour, contourf, pcolormesh &
> 5. 0iF2| | 45
> AlZst mgt Mg 2 B ol

> A mefsin] AlZtE T 7|97
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matplotlibO|2t?

> IO MOl M AtESH= CHEZAQ! HIO|E A2t 2to|E
> 7HY Ol AH83t= EE: pyplot
7|2 7= Ol Al

import matplotlib.pyplot as plt

fig, ax = plt.subplots()
ax.plot([1, 2, 3], [1, 4, 91)
plt.show()

(S, B VS I N RN

> Figure: ZIA| ZHH|{A
> Axes: AX| J2i=7t J84K|= A
» plt.show(): 2= 4K E S0 H01E
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712 Z&: plotd} scatter

> plot(): M Ja{Z(Line Plot)E 1% U A
» scatter(): M HRIZ HO|HE E3E M AIE
> fig, ax= matplotlibe| Al FLx:

> fig (Figure): TIA| J2f= ZHHA

> ax (Axes): AX| Ci|O|E{7} J2X|= JA

» 3t Figure Qtoj| 032] Axes HiX| 7ts

M 3= oAl

import matplotlib.pyplot as plt

X = [1’ 2: 3, 4]
y=1[1, 4, 9, 16]

fig, ax = plt.subplots() # fig: TAN| T=3IX[, az: J2i=Z JA
ax.plot(x, y)
ax.set_title("M ZJE2HZ= OfA|™)
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fig, ax = plt.subplots() # Figurell Azes MM
ax.plot([1, 2, 3], [1, 4, 91)

ax.set_xlabel ("X=")

ax.set_ylabel ("YE")

ax.set_title("ZtEtSH J2f=")

plt.show()
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7|2 Z&.: plot2} scatter

MEE A

fig, ax = plt.subplots()
ax.scatter(x, y)
ax.set_title("AH = Of[X[™)
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= o

. A =
figet ax2| £ AFE57|
> ax.set_title(): J2iZ X=E MF
> ax.set_xlabel(), set_ylabel(): & 0|8 XY
> ax.set_xticks(), set_yticks(): &2 X2t 2t MY
> ax.margins(): J2iI O HH

oAl R E:

fig, ax = plt.subplots()

X = [1’ 2: 3, 4]

y = [1, 4, 9, 16]

labels = ['A', 'B', 'C', 'D']
ax.plot(x, y)

ax

ax

ax

.set_title("XM|=: O|M| I2§=", fontsize=14)
ax.
.set_ylabel("y =", fontsize=12)
ax.
.margins(x=0.2, y=0.2) # Ofui AMH

set_xlabel("x =", fontsize=12)

FS|

tol

set_xticks(x, labels, rotation='vertical') # == |t
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Figure(fig)e| &4

.|
O

Hst7|

> figsize: JEfZo| MA| 37| ZH (THRl: 2IX])
> facecolor: ZHH{A HY|ZA AHAF MK

> fig.colorbar(): Za{H FI} (A3} ZX)

OoJA| 2 E:

fig, ax = plt.subplots(figsize=(8, 4), facecolor='lightgray')

x = [1, 2, 3, 4]
y = [1, 4, 9, 16]

sc = ax.scatter(x, y, c=y, cmap='viridis')

fig.colorbar(sc)

# defdh=

figoll =7t

ax.set_title("fig 3 7|2} Za{d} o|XN|")
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012 224= 2| &|0jot=R 2Fs}7|

> plt.subplots(rows, cols)E 02 J2iZE WME = US
> layout="constrained" SN AlEstH 7HAE X5 =

> ZhaxOfl 708 Jej=E 13+ US

= T AO
Of|A]: 28 2 subplot A4A

fig, axs = plt.subplots(2, 2, layout="constrained")

for ax in axs.flat:
ax.plot([1, 2, 31, [1, 4, 91
ax.set_title("2A3& =)

i

i
axs.flat= AF2SHH 2D HIY 2 1DE =3|& &~ U0
2} axi= 7 J2)= Qojo|2 2 w2 M| TS

=

)

>
>

[

E
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plot?} scatterOf| A XFE M= SME
» color L& c: M X|H (0|, RGB, Z2{H™
» linestyle &= 1s: Mo AEIH (-, -, : S
» marker: O|O|E ZQIEQ| B (o, 5, . S)
> linewidth TE& 1w M| S|
> s: (scatter L) Ho| 37|
plot G| A]:

0|I'I

)

~

fig, ax = plt.subplots()

ax.plot([1, 2, 3], [1, 4, 9],
color='green', linestyle='--',
marker='o', linewidth=2)

scatter Of|AJ:

fig, ax = plt.subplots()
ax.scatter([1, 2, 3], [1, 4, 9],
color='red', marker='""', s=100)
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> x=101,2,34,5] y=[1 4 9 16 25] H0|E{Z 0|3t03:
1. MPEEE O2|o
2. M=% 2pe 2okskn
3. W7 A2HE OF AS
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2| CllO|E LHE I offA|
> pandasZ CSV LIS =22 F
> matplotlibZ® MEEE J{FLICEL
» Of|A| GIO|E{: seaborn®| penguins.csv

import pandas as pd
import matplotlib.pyplot as plt

# csv ot E2127] of - &2 H[0|E)

url = "https://raw.githubusercontent.com/mwaskom/seaborn-data/master/penguins.csv"

df = pd.read_csv(url)

# bill_length_mm vs bill_depth_mm AME T

fig, ax = plt.subplots()

ax.scatter(df ["bill_length_mm"], df["bill_depth_mm"],
color="teal", alpha=0.6)

ax.set_xlabel("Bill Length (mm)")

ax.set_ylabel("Bill Depth (mm)")

ax.set_title("Penguin Beak Size")

plt.show()

Department of Statistical Data Science 14
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S

n

mtcars G|O|E A ™=

» mtcars O[S 2212t mpg?t hp ZHIE A2t
m

> pandasZE =222

atplotlib® JEIL|CH

import pandas as pd
import matplotlib.pyplot as plt

# mtcars H|O|E| E2{27]

url = "https://gist.githubusercontent.com/seankross/a412dfbd88b3db70b74b/raw/mtcars.csv"

df = pd.read_csv(url)
# mpg vs hp MEE
fig, ax = plt.subplots()

ax.scatter (df ["hp"], df["mpg"], color="purple", alpha=0.7)

ax.set_xlabel ("Horsepower (hp)")
ax.set_ylabel("Miles per Gallon

(mpg) ")

ax.set_title("Fuel Efficiency vs Engine Power")

plt.show()
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= o

iris Ci[O|E] AN

» seabornO|A| H35t= FHSH
» £ Z0|(petal_length) v

% Cllo[E

it
==

(petal_width)E A|ZfSt

import seaborn as sns

import matplotlib.pyplot as plt
# iris O|O|E] E2{27]

iris = sns.load_dataset("iris")
# MEE

fig, ax = plt.subplots()

ax.scatter(iris["petal_length"], iris["petal_width"], alpha=0.7)
ax.set_xlabel("Petal Length (cm)")
ax.set_ylabel("Petal Width (cm)")

ax.set_title("Iris Petal Size")
plt.show()
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> plt.plot(), ax.plot(), ax.scatter() 7|2 AI2H
» Figure2} Axes2| 7l

> RIS, 24, W, =3 A

> CHS AJZH: AHANTE AEFQ Als}
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1

[T, B VU RN

Mo o S e By
> color= M2 CIAFSH A O Z MAS X|HE £+ US

> AAMH (Of: 'red', 'blue')
» RGB TIP‘ ©f: '#FF0000"')
» RGB &Z (0: (1.0, 0.0, 0.0))

> Z2{U(cmap)2 22l 7|0 w2t MZ XSS 2 OfE
MUY — RGB FE st of|Al:

import matplotlib.colors as mcolors
mcolors.to_rgb('red') # Z3f: (1.0, 0.0, 0.0)

Zigjoi S k25t 0| A| (hot):

import numpy as np
x = np.linspace(0, 1, 100)
fig, ax = plt.subplots()

sc = ax.scatter(x, x, c=x, cmap='hot') # Z2{H HEZ

fig.colorbar(sc)
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colorbar A2

> fig.colorbar ()= J2HZE Ao M2l 7|&E =22 F76lIF= e

cmapdt &H ALSE|0 MAO| ZF HRIE A= A F

> UHOZRE= A YHEIF ZEHE AZtSt K| (scatter, contourf, pcolormesh S)2
EpZES
=i =)

Of|A]: scatter} colorbar | At23}7|

v

x = np.linspace(0, 1, 100)

y = np.cos(2 * np.pi * x)

fig, ax = plt.subplots()

sc = ax.scatter(x, y, c=y, cmap='viridis')
fig.colorbar(sc) # scatter ZHX|E HHSF

ao~A woN o

F9|: fig.colorbar(...)= figl H&3sljoF &

Department of Statistical Data Science 20
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import numpy as np

import matplotlib.pyplot as plt

x = np.linspace(0, 10, 50)

y = np.sin(x)

fig, ax = plt.subplots()

#c =y : yafoll a2t A HA

scatter = ax.scatter(x, y, c=y, cmap="plasma")
fig.colorbar(scatter, ax=ax)

plt.show()

Department of Statistical Data Science
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astype("category")

> ZX: HZF(categorical) AIZHO 2 HSt
> HEYH XY EX:
1. Cl|O|E{7} H|gHe! ¥ (Category) 742t 7+
2. B og2E £Xt AER MEE|0 HZ2E E8 1

3. &A7FolE HEFHOl: M)t =M A= HFH(O: S8) 2F Ed 7ts

> Colormap H&S ?l3 EXtE HFE A= e mf 24

import pandas as pd

df = pd.DataFrame({"species": ["setosa", "versicolor", "virginica"]})
S E e

cat_var = df["species"].astype("category")

print(cat_var)

print(cat_var.cat.categories) # 7lE|11Z2| =25

species_codes = cat_var.cat.codes

print(species_codes) # OHZE =l ==X} (LofEl =A{)

Department of Statistical Data Science
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S

astype("category")

import pandas as pd
df = pd.DataFrame({

"species": ["setosa", "versicolor", "virginica", "setosa"]
19
# st =M X|H
order = ["virginica", "setosa", "versicolor"]

df ["species"] = pd.Categorical(df ["species"], categories=order, ordered=True)
codes = df["species"].cat.codes

print(codes)

# virginica -> 0, setosa —-> 1, wersicolor —-> 2

Department of Statistical Data Science

23



© W N O U AW N

S

n

EH
[

Z3 H4:0| Colormap &

> species= =AEE E|0] /0] Colormap0i| HtZ ALE =7t
> .astype("category").cat.codes®E Y AEE #E
>

Zt AE Z+0| ColormapOi|A AAto 2 o &l

import seaborn as sns
import matplotlib.pyplot as plt
# iris H|O|E| Ez{27]
df = sns.load_dataset("iris")
# HF B8 ISR HE
codes = df["species"].astype("category").cat.codes
fig, ax = plt.subplots()
scatter = ax.scatter(df["petal_length"], df["petal_width"],
c=codes, cmap="Setl", s=50, alpha=0.8)
ax.set_xlabel("Petal Length (cm)")
ax.set_ylabel("Petal Width (cm)")
ax.set_title("Iris Petal Size by Species")
plt.show()

Department of Statistical Data Science
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B3| (legend) AFR35}H|

> ax.legend () E AFESHH 2ol H2f|(legend)E F71e ==
» 2t CJ|O|E{ A|2|Z0i| 1abel X|&5HZ|OF Haf|ofl FA|
> loc= SMOZ Halo| 9IRIS X WY 4 US

ol
AN

glo

HiL—_— O=2 T AO
OlA| 2 E:
X = [1: 23 3: 4]
yi=[1, 4, 9, 16]
y2 = [15 2: 4’ 8]

fig, ax = plt.subplots()

ax.plot(x, y1l, label="XN|Z")

ax.plot(x, y2, label="X|==", linestyle='--')
ax.legend(loc='upper left') # B2i 2|X| X|H™

Tip:
> label2 A QAE HMYsH= H
> legend ()= OFX|20j &F Bt S &

Department of Statistical Data Science
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mtcars: AZIE H

v
(g}
2
r|
£y
ra
|'|j|'l

> ':.':.*EﬂE 72| o

1=
0z
-1
Mr
>
Al
H1

HEH S A0, 1, 2) ¥y
- cmapOflA XtS AfA OHE
21} colormap MACZ 4= MM
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5]

mtcars: MZIE =8 AHAF 1

Hr
rx
Al
H1

import pandas as pd
import matplotlib.pyplot as plt
# O[O|E] 22{=27|

url = "https://gist.githubusercontent.com/seankross/a412dfbd88b3db70b74b/raw/mtcars.csv"

= pd.read_csv(url)
#cyl » HFEGH [E HEt
codes = df["cyl"].astype("category").cat.codes
fig, ax = plt.subplots()
ax.scatter(df ["hp"], df["mpg"], c=codes, cmap="Setl", s=80, alpha=0.8)
ax.set_xlabel ("Horsepower (hp)")
ax.set_ylabel("Miles per Gallon (mpg)")
ax.set_title("Fuel Efficiency by Cylinder Count")
plt.show()

Department of Statistical Data Science 27
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2D H|O[E] AlZfe} 7HE

(x,y)2 St QIxIQ| 3t 22 MAtoZ H3
=]

S1M EZ (contour, contourf)
A OHE (pcolormesh, imshow)

ot C|o|E] 24, X|= X[, O|O|X| 2| Soi| &

v
o
3
01
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meshgrid O|A|2t BFatgt

import numpy as np

x = np.linspace(0, 2, 3) # [0. , 1. , 2.]

y = np.linspace(10, 30, 3) # [10., 20., 30.]
xs, ys = np.meshgrid(x, y)

print("xs:\n", xs)

print("ys:\n", ys)

Department of Statistical Data Science
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import matplotlib.pyplot as plt

x = np.linspace(-2, 2, 100)

y = np.linspace(-2, 2, 100)

xs, ys = np.meshgrid(x, y)

# 2D &=

zs = np.sin(xs**2) + np.cos(ys**2)

plt.imshow(zs, extent=[-2, 2, -2, 2], origin='lower')
plt.colorbar()

plt.show()

Department of Statistical Data Science
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Colorbar 74

A2 oh =X 2HC| BAE AZHSE HEA|
Colormap A& A| EHQI HE £
fig.colorbar (mappable) £ F7}

A1 Al Al olot AR| 3t HPIS ESHHX| RES Fo

vvyyy

Department of Statistical Data Science
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S

n

Colorbar

> vmin, vmax= AMAHOfE He

f 12| H|Et (imshow)

-

£ A&t

> SHE Hel B2l 242 Colormap & 2 MYO=Z HA|

import numpy as np

import matplotlib.pyplot as plt

x = np.linspace(-2, 2, 100)
y = np.linspace(-2, 2, 100)
xs, ys = np.meshgrid(x, y)

# 2D St

zs = np.sin(xs**2) + np.cos(ys**2)
plt.imshow(zs, extent=[-2, 2, -2, 2],

origin='lower', vmin=-0.5, vmax=0.5, # AHAL

cmap='viridis"')

plt.colorbar(label="Function Value")
plt.title("Color range: -0.5 ~ 0.5")

plt.show()

Department of Statistical Data Science
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S1M A|2Z+s}: contour?t contourf
» contour(): MOz STIM(SLYSt =0))2 1&!
» contourf(): PYS MO Z I SMZ I8l
> clabel(): S1M M 20| £X|E EA|
OojA| 2 E:

import numpy as np

x = np.linspace(-1, 1, 100)

y = np.linspace(-1, 1, 100)

xs, ys = np.meshgrid(x, y)

zs = np.sqrt(np.sin(xs**2) + np.cos(ys**2))

fig, ax = plt.subplots()
¢ = ax.contour(x, y, zs, colors='black', linewidths=0.5)
ax.clabel(c) # M 2|0 =X| ZEA|

© 0 N o U A W N

= o

cf = ax.contourf(x, y, zs, cmap='plasma') # 2 XHZ
fig.colorbar(cf) # M J|& =2

IN]

Department of Statistical Data Science
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» np.linspace(start, stop, num): YHs 7tHACE IS MM
» np.meshgrid(): 1D ZtE H{E S 2D & O2|E2 HE
> 22X JejZ(SaM 3)8 3 mf 2 E A JEIEHQe

OfA] R E:

import numpy as np

x = np.linspace(-1, 1, 5)
y = np.linspace(-1, 1, 5)

xs, ys = np.meshgrid(x, y)
print(xs.shape) # (5, 5)
print(ys.shape) # (5, 5)

Bk 2 (x, y) ZEES O|F= 2513 HiES 4
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contour?| &tz HIAI

> contour(x, y, z)& 3R &z =f(x,y)e| S1MS 2D0|| O
> x, y: meshgrid2 = 2XI2l ZHE
> z: 2} R[0S &2t (x, y = 2)
> St =0(|(2)E 7HK|= BES MR 9Zsto] HolE
23} THS7| of|Al:

1 zs = np.sqrt(np.sin(xs**2) + np.cos(ys**2))

O™ =H|E! (X, y, 2)E contour O 0| &7|™, &o| STIMZ AlZsiet £~ QUS

Department of Statistical Data Science 37
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S1M A|2Z+S} O|A|: contour?} contourf

> contour(): MBt 12|7|
> contourf(): MOoZ i S1M

> clabel(): 1M 20 £X| 2t =7}

fig, ax = plt.subplots()

¢ = ax.contour(x, y, zs, colors='black',
ax.clabel(c) # M 2|0 =X EA|

cf = ax.contourf(x, y, zs, cmap='plasma')
fig.colorbar(cf)
ax.set_title("contour & contourf O|A|")

linewidths=0.5)

# ML RN

Department of Statistical Data Science
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contour =2 et (x, y, 22| =A

» contour(x, y, z)E AHE5l2{™ Zp=&(x, y)2ot 842k 27} of2ff &7

2
1. x, yE 2AH =& 32|20
> HE np.meshgrid() =2 45
» x.shape == y.shape == z.shape
2. z[i, jlexli, j1yli, 31 |AXI0lMe] g3t
3. 2D H{o| &7} ObX| Qo of|2{ 7 LHAlEtALE ZHREl J2l0] J2{FE
Of|Al:

x = np.linspace(-1, 1, 100)

y = np.linspace(-1, 1, 100)

xs, ys = np.meshgrid(x, y) # xs.shape == ys.shape == (100, 100)
zS = np.sin(xs**2 + ys¥*2) # 22 42 37|22 ALt

Department of Statistical Data Science
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contour Y=gl =7 xhE FEMA| L&
» contour(x, y, z)E AHEsI7| laliM= CHS =2
1. shape =21
> x.shape == y.shape == z.shape
» HE np.meshgrid= HHE 2XH2 L
2. 38 U (32
» x[0, :] E=x[:, 0] 2 LEX&
> y[:, 0] E=yl0, :] & QEXE
> SN2 0| FE =ME 7IELE ALtV tEY

OflAl:

x = np.linspace(-1, 1, 100) # &= 10 v
y = np.linspace(-1, 1, 100)

xs, ys = np.meshgrid(x, y) # 2D AKX} MM
zs = np.sin(xs**2 + ys**2)

Department of Statistical Data Science
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pcolormeshZ S EZ7| AL A|Zt5}51H|
» pcolormesh(x, y, z)= Zt (x, y) YUS MOE x|R= AKX} Al2s}
> contourfEHLCI A|[ZAXMOZ [ HEZ T 27| B
> MATJ|E2 vmin, vmax, cmaplE £ 7ts

OflAl:

import numpy as np
import matplotlib.pyplot as plt

x = np.linspace(-1, 1, 100)
y = np.linspace(-1, 1, 100)
xs, ys = np.meshgrid(x, y)
zs = np.sin(xs**2 + ys**2)

fig, ax = plt.subplots(figsize=(8, 4))
pc = ax.pcolormesh(xs, ys, zs, cmap='plasma',
vmin=0.0, vmax=1.0)

fig.colorbar(pc)
ax.set_title("pcolormesh® H 2|2 AMA FH")

Department of Statistical Data Science Al
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pcolormesh £|0| contour @4X 12|7|

» pcolormesh()E MMOZ HH
> contour )2 A2 H|O[HE M2 RME £+ US
> clabel ()= AFESIH SIM 2T g AR = US

OflAl:

fig, ax = plt.subplots(figsize=(8, 4))

#HES My HEY

pc = ax.pcolormesh(xs, ys, zs, cmap='plasma', vmin=0.0, vmax=1.0)
fig.colorbar (pc)

# B STM HR|7|

c2 = ax.contour(xs, ys, zs, linewidths=0.5, colors='white')
ax.clabel(c2) # S1M 2l =7}

ax.set_title("pcolormesh + contour =gl A|ZI5}")

Department of Statistical Data Science
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22X +X|X| = E|o[E =227
> QIE{LI0A DEM(CIXIY B3 D) Ei= e 20| GlOJE] A

!pip install srtm.py
import numpy as np
import matplotlib.pyplot as plt
import srtm
min_lon, max_lon = 127.0, 128.0 # # 1) 2Zt&l A (FA|): AE[127.0, 128.0], ||=[36.0, 37.
min_lat, max_lat = 36.0, 37.0
nx, ny = 300, 300 # 2) AKX ojAME M™E(HF IH =2)
lons = np.linspace(min_lon, max_lon, nx)
lats = np.linspace(min_lat, max_lat, ny)
# 3) SRTM C{|O|E{ SHEE
elev = srtm.get_data() # ZHE EIY XIS CIREE=
# 4) DEM ZAXt Mo (&: 2=, &: 4=
Z = np.empty((ny, nx), dtype=float)
for i, la in enumerate(lats):
for j, lo in enumerate(lons):
h = elev.get_elevation(la, lo)
Z[i, j] = np.nan if h is None else h

Department of Statistical Data Science 43
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2X|X|= pcolormesh A|Zt5}

# 5) 2D A|Zt5}
# 5) 2D AN|2Zt5}
plt.figure(figsize=(7,5))
lon_grid, lat_grid = np.meshgrid(lons, lats)
# 5) pcolormesh A|ZtS}
plt.figure(figsize=(7,5))
pc = plt.pcolormesh(
lon_grid, lat_grid, Z,
cmap="terrain", shading="auto"

plt.contour(lon_grid, lat_grid, Z, levels=5, c="white")
plt.colorbar(pc, label="Elevation (m)")
plt.xlabel("Longitude")

plt.ylabel("Latitude")

plt.title("SRTM DEM with pcolormesh")
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