e Basic plots Scales i@  Tick locators Animation
m a p éi@ ' plot([X], Y, [fmt], ..) ax.set_[xy]scale(scale, ..) from matplotlib import ticker import matplotlib.animation as mpla

Cheat sheet Version 3.7.4 /\/\/\ X, Y, fmt, color, marker, linestyle linear _/\Am log ax. [xy]axis.set_[minor|major]_locator (locator)
M !V any values . " values >0 ticker.NulllLocator () T = np.linspace(0, 2*np.pi, 100)
i N - b . . S = np.sin(T)
Quick start scatter (X, VY, ..) W\N\/\M symlog /W\ logit ticker.MultipleLocator(0.5) ‘ ‘ } ) line, = plt.plot(T, S)
Tiree [ . or cmn- 00 05 10 15 20 25 30 35 40 45 5.0 . ”
X, Y, [slizes, [c]olors, marker, cmap any values 0 <values <1 . . def animate(i):
import numpy as n = 5 b 4 ticker.FixedLocator([0, 1, 5]) A y . A
! Y np ; 1 3 line.set_ydata(np.sin(T+i/50))
import matplotlw_b as mpl bar[h]( hedoht ) ticker. LinearLocator (numticks=3) ‘ anim = mpla.FuncAnimation(
import matplotlib.pyplot as plt X, gnt, =) : Projections 2 plt.gcf(), animate, interval=5)
x, height, width, bottom, align, color ticker.IndexLocator (base=0.5, offset=0.25) 1t.sh
subplot rojection=p) P P P S ey e e P plt.show()
_ . . p = Proj =P ticker.AutoLocator ()
X = np.linspace(0, 2*np.pi, 100) FESEENTE imshow(Z ) p="polar’ p=’3d’ ; 1 7 ] a 5 Styl o=
Y = np.cos(X Lol . ; - es API
P ) E-gEms Z, cmap, interpolation, extent, origin o_w:mker‘MaXNL“litor(”"‘) - - !
fig, ax = plt.subplots() u ticker.lLoglocator (base=10, numticks=15) ' plt.style.use(style)
ax.plot(X, Y, color=’green’) contour[F1([X], [Y], Z, .) 7 p=ccrs.Orthographic() * * * b * b ” B T defaur classic " erayscale
. s N X, Y, Z, levels, colors, extent, origin ‘ import cartopy.crs as ccrs . B B -
;1%.?2;8& figure.pdf”) v Tick formatters o
pcolormesh([X], [Y], Z, ..) from matplotlib fmport ticker aaplot seaborn-v0_8 fast
A f ﬁ X V. Z vmin. vimax. cman X ax. [xylaxis.set_[minor|major]_formatter (formatter) ~ | ~
natomy of a figure | XYz, ) , cmay Lines
ticker.NullFormatter () .
Angtorhy of a figure . . R T v B I B S B
S & e N7 | quiver (X1, [, U, v, .) Unestyle or s . icker . FixedFornatter (['zero’, 'one’, 'tuo', 1) oo Soie Tghe_ || seabormst st
Major tick \ — R«‘ N X, Y, U, V, C, units, angles nen [ - (0,(0.01,2)) one e three four e N .
@ A Legend t’\ capstyle or dash_capstyle ticker.FuncFormatter (lambda x, pos: "[%.2f]" % x) \/
M ek - X ) I [0.00) [1.00] [2.00] (3.00] [4.00] SN I SE 7 T L] S S A—
. o pie(X, ..) "butt" "round" "projecting" ticker.FormatStrFormatter (!>%d<') i X
i e ° ® S Z, explode, labels, colors, radius o< = 2 e e < X i
s o ticker.ScalarFormatter () Qu10k reminder
1 °% ol oo unehen Markers 3 ¢ i : E i E )
3 ] o’ ° o S text(x, y, text, ..) ticker.StrMethodFormatter ('{x}') i X ax.grid() . .
T 5 e 5, e‘[i‘ X, y, text, va, ha, size, weight, transform o O - ! oo 10 20 30 “ 50 ax.set_[xy]llim(vmin, vmax)
7 oo" ° oo 0‘; o :0 « RETY ticker.PercentFormatter (xmax=5) ax.set_[xy]label(label)
¥ axi abel o, °° %o - “3’*“’;[, v A o% 20% 0% 6% fo0% 100% ax.set_[xy]lticks(ticks, [labels])
| % ° o g ol fill[_between] [x] (..) EUERPY ax.set_[xy]ticklabels(labels)
S /1, Y2, color, wl ] i
. ! o / X, Y1, Y2, color, where o & Ornaments ax.set_ti tle(ti t1re)
] \ o © ° TEAGTSASTSWS S8 S8 S SIS SU5S05 " S0 S5 " 8% ax.tick_params (width=10, ..)
| @;) e markevery ax.legend(..) ax.set_axis_[on|off]()
Fowe e i o e 2o handles, labels, loc, title, frameon
B Axes line plot (e "’ . e
‘ / Advanced plots — fig.suptitle(title)
TR ek P P R step(X, ¥, [fnt], -) ool Legend*/' . f{g.ti%ht_la){out()
e X o abe W]_ X, Y, fmt, color, marker, where olors handieexped /IM N Kertacecolor(mte) P ‘lc.gc(,() ; p’t.%ca() dth )
) X, , C ) )  handlelength, | markerfacecolor (mfe) mpl.rc(’axes’, linewidth=1, ..
“Cn’ ; "Label 1 Label 3 [fig|ax].patch.set_alpha(0)
Subplots layout 7 boxplot (X, .) e T P ey text=r’$\frac{-e*{i\pi}}{2*n}$’
subplot[s] (rows, cols, ..) IT% X, notch, sym, bootstrap, widths 1,0,0,0.25) (R,G,B[,A]) sorderpad abel 2L_J Label 4
fig, axs = plt.subplots(3, 3) T #FF000044 | HRRGGBB[AAT’ [M ; Keyboard shortcuts
0.4 0. 8.7 0.8 0.9 1.0 x.y’ eTmResp
errorbar (X,Y,xerr,yerr, ..) o)+ s
Save ctrlj+| w | Close plot
G = gridspec(rows,cols, ..) I/I\l X, Y, xerr, yerr, fmt ax.colorbar(..) . ,V p
ax = G[O, :] Colormaps mappable, ax, cax, orientation Reset view Fullscreen 0/1
T b < b View forward [ b ] View back
X -'Is.t(v i Txnsj’ 'ji)v eict plt.get_cmap(name) ! ! ! ' ! _ (p ] Pan view (0] Zoom to rect
D ax.i nset_axes (extent) II X, DINS, range, density, weig nts . 0.0 0.1 02 03 0.4 05 0.6 0.7 0.8 0.9 1.0 X pan/zoom v pan/zoom
ioLinplot (D, .) :;;‘:S (g ]Minorgrid 0/1 (G ] Major grid 0/1
viotlinplo y e ax.annotate(..) X axi : : :
" : axis log/linear | L |Y axis log/linear
d=make_axes_locatable(ax) D, positions, widths, vert plasma text, Xy, xytext, xycoords, textcoords, arrowprops m g/ g/
y ) ) ) Prof
ax = d.new_horizontal(’10%’) »
- s text ° Ten simple rules READ
barbs (X1, [Y], U, V, .) R 10rBr xytext xy P &=
X,Y, U, V, C, length, pivot, sizes N vwistia fextcoords Weors . Know your audience
Getting help Divergin 2. Identify your message
. ﬂ B so-ctat 3. Adapt the figure
& matplotlib.org eve{]fcplot (pn)[s;_tw OPS > fr) . | . D coolwarm Event handling 4. Captions are not optional
(y) github.com/matplotlib/matplotlib/issues pOSIUONS, OHIEHLALON, NEOHSELs [ D <doy 5. Do not trust the defaults
D discourse.matplotlib.org ualitative fig, ax = plt.subplots() 6. Use color effectively
& stackoverflow.com/questions/tagged/matplotlib 37] hexbin(X, Y, C, .) Bl b0 def on_click(event): 7. Do not mislead the reader
" https://gitter.im/matplotlib/matplotlib ) - oridsi ins EEERENT N B cap2o rint(event) 8. Avoid “chartjunk”
] P p X, Y, C, gridsize, bins P ;
W twitter.com/matplotlib ) Cyclic fig.canvas.mpl_connect( 9. Message trumps beauty
& Matplotlib users mailing list B twilight ’button_press_event’, on_click) 10. Get the right tool



https://matplotlib.org/tutorials/introductory/pyplot.html
https://matplotlib.org/tutorials/intermediate/gridspec.html
https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.subplots.html
https://matplotlib.org/stable/api/_as_gen/matplotlib.gridspec.GridSpec.html
https://matplotlib.org/stable/api/_as_gen/matplotlib.axes.Axes.inset_axes.html
https://matplotlib.org/mpl_toolkits/axes_grid/users/axes_divider.html
https://matplotlib.org
https://github.com/matplotlib/matplotlib/issues
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https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.plot.html
https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.scatter.html
https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.bar.html
https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.imshow.html
https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.contour.html
https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.pcolormesh.html
https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.quiver.html
https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.pie.html
https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.text.html
https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.fill.html
https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.step.html
https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.boxplot.html
https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.errorbar.html
https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.hist.html
https://matplotlib.org/stable/api/_as_gen/matplotlib.axes.Axes.violinplot.html
https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.barbs.html
https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.eventplot.html
https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.hexbin.html
https://matplotlib.org/stable/api/scale_api.html
https://matplotlib.org/stable/api/projections_api.html
https://matplotlib.org/stable/api/toolkits/mplot3d.html
https://scitools.org.uk/cartopy/docs/latest/reference/projections.html
https://matplotlib.org/gallery/lines_bars_and_markers/linestyles.html
https://matplotlib.org/stable/api/markers_api.html
https://matplotlib.org/tutorials/colors/colors.html
https://matplotlib.org/tutorials/colors/colormaps.html
https://matplotlib.org/stable/api/ticker_api.html
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https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.colorbar.html
https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.annotate.html
https://matplotlib.org/users/event_handling.html
https://matplotlib.org/stable/api/animation_api.html
https://matplotlib.org/tutorials/introductory/customizing.html
https://matplotlib.org/users/navigation_toolbar.html
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Axes adjustments

plt.subplots_adjust( ... )

Extent & origin

ax.imshow( extent=..., origin=...)
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origin="upper"

origin="upper"
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extent=[0,10,0,5] extent=[10,0,0,5]

origin="lower" origin="Tower"
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Text alignments

ax.text( ..., ha=... va=..., ..)
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left center right
Text parameters
ax.text(..., family=..., size=..., weight=...)
ax.text(..., fontproperties=...)
The quick brown fox xx-large
The quick brown fox x-large
The quick brown fox large
The quick brown fox medium
The quick brown fox small
The quick brown fox x-small
The quick brown fox xx-small
The quick brown fox jumps over the lazy dog black
The quick brown fox jumps over the lazy dog bold
The quick brown fox jumps over the lazy dog semibold
The quick brown fox jumps over the lazy dog normal
The quick brown fox jumps over the lazy dog ultralight

top

center

baseline
bottom

(1.73)

(1.44)
(1.20)
(1.00)
(0.83)
(0.69)
(0.58)

(900)
(700)
(600)
(400)
(100)

The quick brown fox jumps over the lazy dog monospace

The quick brown fox jumps over the lazy dog serif
The quick brown fox jumps over the lazy dog sans
The quick Browsn fou jumps oven the lazy dog cursive
The quick brown fox jumps over the lazy dog italic
The quick brown fox jumps over the lazy dog normal

THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG
The quick brown fox jumps over the lazy dog

small-caps

normal

Uniform colormaps

Sequential colormaps
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B |
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I |

|
Diverging colormaps
| .
| |
| - .
| |
| |
| - .
| .
| - |
| |
| |
| .
[ |

Qualitative colormaps

Miscellaneous colormaps

Color names

. black floralwhite B darkturquoise
viridis % W darkgoldenrod B cadetblue
dimgray [ goldenrod powderblue
plasma dimgrey cornsilk lightblue
gray gold B deepskyblue
inferno grey femonchiffon skyblue
darkgray khaki lightskyblue
magma darkgrey palegoldenrod B steelblue
silver darkkhaki aliceblue
ividi lightgray ivory W dodgerblue
avial
cividis lightgrey beige B lightslategray
gainsboro lightyellow B lightslategrey
whitesmoke lightgoldenrodyellow WM slategray
w . olive B slategrey
white By lightsteelblue
yellow B comflowerblue
rosybrown W olivedrab B royalblue
lightcoral yellowgreen ghostwhite
G indianred B darkolivegreen lavender
reys brown greenyellow M midnightblue
firebrick chartreuse . navy
Purples maroon lawngreen darkblue
Bl darkred honeydew mediumblue
ues r W darkseagreen b
red palegreen blue
Greens mistyrose lightgreen slateblue
salmon B forestgreen darkslateblue
Oranges tomato limegreen mediumslateblue
darksalmon darkgreen mediumpurple
Reds coral Pl rebeccapurple
orangered green blueviolet
Y10r8r lightsalmon B ime B indigo
sienna BN seagreen BN darkorchid
Y10rRd seashell BN mediumseagreen W darkviolet
chocolate [ springgreen B mediumorchid
OrRd saddlebrown mintcream thistle
sandybrown W mediumspringgreen plum
PuRd peachpuff [ mediumagquamarine violet
peru aquamarine I purple
RdPu linen turquoise darkmagenta
bisque BN lightseagreen m
BuPu darkorange [ mediumturquoise fuchsia
burlywood azure magenta
GnBu antiquewhite lightcyan orchid
tan paleturquoise mediumvioletred
uBu navajowhite arkslategray ee
PuB jowhi W darks ds i
blanchedalmond darkslategrey B hotpink
Y1GnBu papayawhip teal lavenderblush
moccasin darkcyan W palevioletred
PUBUGN orange - B crimson
wheat aqua pink
BuGn oldlace cyan lightpink
Y1lGn
Image lnterpolatlon API
e .
PRGN
BrBG
PuOr
RdGy nearest
RdBu
Rd¥18u - -
RAY1Gn
Spectral
coolwarm
bur bilinear splinel6
seismic
Pastell
Pastel2 spline36
Paired
Accent
Dark2
Setl
Set2
Set3
table
tab20 » v
tab20b
tab20c
catrom bessel
terrain '
ocean
cubehelix
rainbow
twilight lanczos

Legend placement

ax.legend(loc="string”, bbox_to_anchor=(x, y))

2: upper left 9: upper center 1: upper right
6: center left 10: center 7: center right
3: lower left 8: lower center  4: lower right

A:upperright/ (-0.1, 0.9)
C:lower right/ (0.1, 0.1)
E: upper center / (0.5, -0.1)
G:lowerleft/ (1.1, 0.1)
I:upperleft/ (1.1, 0.9)

K: lower center/ (0.5, 1.1)

B: centerright/ (0.1, 0.5)
D: upperleft/ (0.1, -0.1)
F:upperright/ (0.9, -0.1)
H:centerleft/ (1.1, 0.5)
J:lowerright/ (0.9, 1.1)
L: lowerleft/ (0.1, 1.1)

Annotation connection styles

arc3, arc3, angles,
rad=0 rad=0.3 angleAZo,
angleB=90
/ . / )
. .
angle, angle,
angleA=-90,
angleB=180,
rad=10 .

bar, bar, bar,
fraction=0.3 fraction=-0.3 angle=180,
fraction=-0.2
. . .
. . .

. L] . L] . L] . L]
- <- ->

<|- -1> <|-1>
. lo o lo ol \

_[ L J]_[L ‘ |_|
. lo o ..

<-[ L simple fancy

Howdol..

. resize a figure?
— fig.set_size_inches(w, h)
. save a figure?
— fig.savefig("figure.pdf”)
save a transparent figure?
— fig.savefig("figure.pdf”, transparent=True)
. clear a figure/an axes?
— fig.clear() — ax.clear()
close all figures?
— plt.close("all”)
. remove ticks?
— ax.set_[xy]ticks([])
. remove tick labels ?
— ax.set_[xy]ticklabels([])
. rotate tick labels ?
— ax.tick_params(axis="x", rotation=90)
. hide top spine?
— ax.spines[top’].set_visible(False)
hide legend border?
— ax.legend(frameon=False)
. show error as shaded region?
— ax.fill_between(X, Y+error, Y-error)
... draw a rectangle?
— ax.add_patch(plt.Rectangle((0, 0), 1, 1)
. draw a vertical line?
— ax.axvline(x=0.5)
. draw outside frame?
— ax.plot(..., clip_on=False)
use transparency?
— ax.plot(..., alpha=0.25)
. convert an RGB image into a gray image?
— gray = 0.2989*R + 0.5870*G + 0.1140*B
set figure background color?
— fig.patch.set_facecolor(“grey”)
. get a reversed colormap?
— plt.get_cmap(“viridis_r”)
... get a discrete colormap?
— plt.get_cmap(“viridis”, 10)
. show a figure for one second?
— fig.show(block=False), time.sleep(1)

Performance tips

scatter (X, Y) slow
plot(X, Y, marker="0”, 1s="") fast
for i in range(n): plot(i, X[i], ”0”) slow
plot(X, marker="0", 1s=7"7) fast
cla(); imshow(..); canvas.draw() slow
im.set_data(..); canvas.draw() fast

Beyond Matplotlib

Seaborn: Statistical data visualization
Cartopy: Geospatial data processing

yt: Volumetric data visualization

mpld3: Bringing Matplotlib to the browser
Datashader: Large data processing pipeline
plotnine: A grammar of graphics for Python

Matplotlib Cheatsheets
Copyright (c) 2021 Matplotlib Development Team
Released under a CC-BY 4.0 International License
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https://matplotlib.org/stable/api/_as_gen/matplotlib.pyplot.subplots_adjust.html
https://matplotlib.org/tutorials/intermediate/imshow_extent.html
https://matplotlib.org/tutorials/text/text_props.html
https://matplotlib.org/tutorials/text/text_props.html
https://matplotlib.org/stable/api/colors_api.html
https://matplotlib.org/gallery/images_contours_and_fields/interpolation_methods.html
https://matplotlib.org/tutorials/text/annotations.html
https://matplotlib.org/tutorials/text/annotations.html
https://seaborn.pydata.org/
https://scitools.org.uk/cartopy/docs/latest/
https://yt-project.org/doc/index.html
https://mpld3.github.io
https://datashader.org/
https://plotnine.org/
https://github.com/matplotlib/cheatsheets

Data Wrangling

with pandas Cheat Sheet
http://pandas.pydata.org

Pandas APl Reference Pandas User Guide

Creating DataFrames

1 4 7 10
2 5 8 11
3 6 9 12
df = pd.DataFrame(
{"a" : [4, 5, 6],
5 6 [y 5 Ol

: [1e, 11, 12]},
index = [1 2, 3])

Specify values for each column.
df = pd.DataFrame(

[[4, 7, 10],

[5, 8, 11],

[6, 9, 12]],
index=[1, 2, 3],
columns=['a', 'b’,
Specify values for each row.

')

1 4 7 10
D
2 5 8 11
e 2 6 9 12
df = pd.DataFrame(
{" " [4 ’5, 6])
llbll [7 8 9],
"c" : [10, 11, 12]},
index = pd. Mu1t11ndex from tuples(

[('d’, 1), ('d’, 2),
('e’, 2)], names=['n’,
Create DataFrame with a Multilndex

Method Chaining

Most pandas methods return a DataFrame so that
another pandas method can be applied to the result.
This improves readability of code.

'v'D)

= (pd.melt(df)
.rename(columns={
'variable':'var',
'value':'val'})

.query(‘val >= 200')

Tidy Data - a foundation for wrangling in pandas

| F M A

In a tidy
data set:

AR

Each variable is saved
in its own column

saved in its

FM A

=

Each observation is

Tidy data complements pandas’s vectorized
operations. pandas will automatically preserve
observations as you manipulate variables. No
other format works as intuitively with pandas. M * A

ok R
Ei— 3

R—

own row

Resha Eg Data - Change layout, sorting, reindexing, renaming

L1 [ [ | NN | - U - df.sort values('mpg')
L ] — .
O O Order rows by values of a column (low to high).
1 1 .
= I df.sort values('mpg’, ascending=False)
. Order rows by values of a column (high to low).
= - y higrieong
pd.melt(df) _ df.pivot(columns='var', values='val')| df.rename(columns = {'y':'year'})
Gather columns into rows. Spread rows into columns. Rename the columns of a DataFrame
- B ) df.sort index()
L] [ ] X
0 | ] | Sort the index of a DataFrame
L[ | > . df.reset index()
Reset index of DataFrame to row numbers, moving
= index to columns.
J 3
pd.concat([df1,df2]) pd.concat([dfl,df2], axis=1) df.drop(columns=[ 'Length’, 'Height'])
Append rows of DataFrames Append columns of DataFrames Drop columns from DataFrame

Subset Observations - rows Subset Variables - columns Subsets - rows and columns

==== ==== --::-: ---- Use df. T.oc [|] and d'E 1:oc [1 to select only
—> —) --- rows, only columns or bot
I I I I
e e Usedf.at[] anddf.iat[] to access asingle
df[df.Length > 7] df[['width’, 'length’, 'species']] value by row and column.

Extract rows that meet logical criteria.
df.drop duplicates()
Remove duplicate rows (only considers columns).

Select multiple columns with specific names.
df[ 'width']
Select single column with specific name.

First index selects rows, second index columns.

df.iloc[10:20]
Select rows 10-20.

or df.width

df.sample(frac=0.5)

Randomly select fraction of rows.
df.sample(n=10) Randomly select n rows.
df.nlargest(n, 'value’)

Select and order top n entries.

df.nsmallest(n, 'value')
Select and order bottom n entries.
df.head(n)
Select first n rows.
df.tail(n)

Select last n rows.

Logic in Python (and pandas)

< | Less than I=

df.filter(regex="regex")
Select columns whose name matches
regular expression regex.

query() allows Boolean expressions for filtering
rows.
df.query('Length > 7')

df.query('Length > 7 and Width < 8')
df.query('Name.str.startswith("abc")"',

engine="python")

Not equal to "\.'

df.iloc[:, [1, 2, 5]]
Select columns in positions 1, 2 and 5 (first
column is 0).

df.loc[:, 'x2':'x4"']

df.loc[df['a'] > 10, ['a’, 'c']]
Select rows meeting logical condition, and only
the specific columns .

df.iat[1, 2] Access single value by index

df.at[4, "A'] Access single value by label

regex (Regular Expressions) Examples

Matches strings containing a period '.'

> | Greater than df.column.isin(values) Group membership 'Length$’ Matches strings ending with word 'Length’
== | Equals pd.isnull(obj) Is NaN 'ASepal’ Matches strings beginning with the word 'Sepal’
<= | Less than or equals pd.notnull(obj) Is not NaN '~x[1-5]%" Matches strings beginning with 'x' and ending with 1,2,3,4,5

Greater than or equals B&, | ,~,”,df.any(),df.all()

Logical and, or, not, xor, any, all 'A(?!Species$).*"

Matches strings except the string 'Species'

Cheatsheet for pandas (http://pandas.pydata.org/ originally written by Irv Lustig, Princeton Consultants, inspired by Rstudio Data Wrangling Cheatsheet

Select all columns between x2 and x4 (inclusive).



https://pandas.pydata.org/pandas-docs/stable/user_guide/io.html
https://pandas.pydata.org/pandas-docs/stable/user_guide/indexing.html
https://pandas.pydata.org/pandas-docs/stable/user_guide/basics.html#sorting
https://pandas.pydata.org/pandas-docs/stable/user_guide/basics.html#reindexing-and-altering-labels
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.melt.html?highlight=melt#pandas.DataFrame.melt
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.pivot.html?highlight=pivot#pandas.DataFrame.pivot
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.concat.html?highlight=concat#pandas.concat
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.concat.html?highlight=concat#pandas.concat
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.sort_values.html?highlight=sort_values#pandas.DataFrame.sort_values
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.sort_values.html?highlight=sort_values#pandas.DataFrame.sort_values
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.rename.html?highlight=rename#pandas.DataFrame.rename
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.sort_index.html?highlight=sort_index#pandas.DataFrame.sort_index
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.reset_index.html?highlight=reset_index#pandas.DataFrame.reset_index
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.drop.html?highlight=drop#pandas.DataFrame.drop
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.html
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.html
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.html
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.MultiIndex.from_tuples.html?highlight=multiindex%20from_tuples#pandas.MultiIndex.from_tuples
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.melt.html?highlight=melt#pandas.DataFrame.melt
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.rename.html?highlight=rename#pandas.DataFrame.rename
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.query.html?highlight=query#pandas.DataFrame.query
https://pandas.pydata.org/pandas-docs/stable/reference/index.html#api
https://pandas.pydata.org/pandas-docs/stable/user_guide/index.html#user-guide
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.drop_duplicates.html?highlight=drop_dupli#pandas.DataFrame.drop_duplicates
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.sample.html?highlight=sample#pandas.DataFrame.sample
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.sample.html?highlight=sample#pandas.DataFrame.sample
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.nlargest.html?highlight=nlargest
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.nsmallest.html?highlight=nsmallest
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.head.html?highlight=head
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.tail.html?highlight=tail
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.filter.html?highlight=filter#pandas.DataFrame.filter
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.iloc.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.iloc.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.loc.html?highlight=loc
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.loc.html?highlight=loc
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.iat.html#pandas.DataFrame.iat
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.at.html#pandas.DataFrame.at
https://pandas.pydata.org/pandas-docs/stable/user_guide/indexing.html
https://pandas.pydata.org/pandas-docs/stable/user_guide/indexing.html
https://pandas.pydata.org/pandas-docs/stable/user_guide/indexing.html
http://pandas.pydata.org/
http://www.princetonoptimization.com/
https://www.rstudio.com/wp-content/uploads/2015/02/data-wrangling-cheatsheet.pdf
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.query.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.query.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.query.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.query.html

Summarize Data

df['w'].value counts()

Count number of rows with each unique value of variable
len(df)

# of rows in DataFrame.
df.shape

Tuple of # of rows, # of columns in DataFrame.
df['w'].nunique()

# of distinct values in a column.

df.describe()
Basic descriptive and statistics for each column (or GroupBy).
1 [ ] | I
i
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pandas provides a large set of summary functions that operate on
different kinds of pandas objects (DataFrame columns, Series,
GroupBy, Expanding and Rolling (see below)) and produce single
values for each of the groups. When applied to a DataFrame, the
result is returned as a pandas Series for each column. Examples:

sum() min()
Sum values of each object. Minimum value in each object.
count() max ()
Count non-NA/null values of Maximum value in each object.
each object. mean()
median() Mean value of each object.
Median value of each object.  var()
quantile([0.25,0.75]) Variance of each object.
Quantiles of each object. std()
apply(function) Standard deviation of each
Apply function to each object. object.

Group Data

df.dropna()
Drop rows with any column having NA/null data.

df.fillna(value)
Replace all NA/null data with value.

Make New Columns

== = ===
[ ] ] ] ]

df.assign(Area=lambda df: df.Length*df.Height)
Compute and append one or more new columns.

df[ 'Volume'] = df.Length*df.Height*df.Depth
Add single column.

pd.gcut(df.col, n, labels=False)
Bin column into n buckets.

] | | ENEEEE |
- - Vector - Vector
I function - function
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pandas provides a large set of vector functions that operate on all
columns of a DataFrame or a single selected column (a pandas
Series). These functions produce vectors of values for each of the
columns, or a single Series for the individual Series. Examples:
max(axis=1) min(axis=1)

Element-wise max. Element-wise min.
clip(lower=-10,upper=10) abs()

Trim values at input thresholds  Absolute value.

df.groupby(by="col")
Return a GroupBy object, grouped
= by values in column named "col".
3 ]
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| df.groupby(level="ind")
Return a GroupBy object, grouped
by values in index level named
"ind".

All of the summary functions listed above can be applied to a group.
Additional GroupBy functions:
size()

Size of each group.

agg(function)
Aggregate group using function.

The examples below can also be applied to groups. In this case, the
function is applied on a per-group basis, and the returned vectors
are of the length of the original DataFrame.
shift(1) shift(-1)

Copy with values shifted by 1. Copy with values lagged by 1.
rank(method="dense") cumsum()

Ranks with no gaps. Cumulative sum.
rank(method="min") cummax ()

Ranks. Ties get min rank. Cumulative max.
rank(pct=True) cummin()

Ranks rescaled to interval [0, 1]. Cumulative min.
rank(method="first") cumprod()

Ranks. Ties go to first value. Cumulative product.

df.expanding()
Return an Expanding object allowing summary functions to be

applied cumulatively.

df.rolling(n)
Return a Rolling object allowing summary functions to be
applied to windows of length n.

______Plotting

df.plot.hist() df.plot.scatter(x="w',y="h")
Histogram for each column Scatter chart using pairs of points

: \ J
Cheatsheet for pandas (http://pandas.pydata.org/) originally written by Irv Lustig, Princeton Consultants, inspired by Rstudio Data Wrangling Cheatsheet

Combine Data Sets

adf bdf
X1 [x2] X1 [x3]
A1 AT =
B 2 B F [
c 3 DT

Standard Joins

mmg pd.merge(adf, bdf,

how="left', on="x1")
B 2 F  Join matching rows from bdf to adf.
C 3 NaN

EEN N REN pd.merge(adf, bdf,
A 10 T how="right', on="x1")
‘B 20 F  join matching rows from adf to bdf.

"D NaN[T |
mmg pd.merge(adf, bdf,

A how="inner', on="x1")
B 2 [F Join data. Retain only rows in both sets.

mmm pd.merge(adf, bdf,

A how="outer', on="x1")
B 2 FE.  Join data. Retain all values, all rows.
C

Filtering Joins

adf[adf.x1.isin(bdf.x1)]
All rows in adf that have a match in bdf.

x1[x2]
A 1
B 2

x1[x2]
c 3

adf[~adf.x1.isin(bdf.x1)]
All rows in adf that do not have a match in bdf.

zdf
x1|x2]
B 2
c 3
D 4

ydf
x1[x2

A1+
B 2

c 3

Set-like Operations

pd.merge(ydf, zdf)
Rows that appear in both ydf and zdf

(Intersection).

pd.merge(ydf, zdf, how='outer')
Rows that appear in either or both ydf and zdf
(Union).

pd.merge(ydf, zdf, how='outer',
indicator=True)
.query('_merge == "left_only"')
.drop(columns=["'_merge'])
Rows that appear in ydf but not zdf (Setdiff).



https://pandas.pydata.org/pandas-docs/stable/user_guide/basics.html#descriptive-statistics
https://pandas.pydata.org/pandas-docs/stable/user_guide/merging.html
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.value_counts.html?highlight=value_counts#pandas.DataFrame.value_counts
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.shape.html
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.nunique.html?highlight=nunique
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.describe.html?highlight=describe#pandas.DataFrame.describe
https://pandas.pydata.org/pandas-docs/stable/user_guide/basics.html#descriptive-statistics
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.sum.html?highlight=sum#pandas.DataFrame.sum
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.count.html?highlight=count#pandas.DataFrame.count
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.median.html?highlight=median#pandas.DataFrame.median
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.quantile.html?highlight=quantile#pandas.DataFrame.quantile
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.apply.html?highlight=apply#pandas.DataFrame.apply
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.min.html?highlight=min#pandas.DataFrame.min
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.max.html?highlight=max#pandas.DataFrame.max
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.mean.html?highlight=mean#pandas.DataFrame.mean
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.var.html?highlight=var#pandas.DataFrame.var
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.std.html?highlight=std#pandas.DataFrame.std
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.assign.html?highlight=assign
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.qcut.html?highlight=qcut#pandas.qcut
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.shift.html?highlight=shift#pandas.DataFrame.shift
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.rank.html?highlight=rank#pandas.DataFrame.rank
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.rank.html?highlight=rank#pandas.DataFrame.rank
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.rank.html?highlight=rank#pandas.DataFrame.rank
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.rank.html?highlight=rank#pandas.DataFrame.rank
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.shift.html?highlight=shift#pandas.DataFrame.shift
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.cumsum.html?highlight=cumsum#pandas.DataFrame.cumsum
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.cummax.html?highlight=cummax#pandas.DataFrame.cummax
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.cummin.html?highlight=cummin#pandas.DataFrame.cummin
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.Series.cumprod.html?highlight=cumprod#pandas.Series.cumprod
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.merge.html?highlight=merge#pandas.DataFrame.merge
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.merge.html?highlight=merge#pandas.DataFrame.merge
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https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.isin.html?highlight=isin#pandas.DataFrame.isin
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.isin.html?highlight=isin#pandas.DataFrame.isin
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.merge.html?highlight=merge#pandas.DataFrame.merge
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.merge.html?highlight=merge#pandas.DataFrame.merge
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.merge.html?highlight=merge#pandas.DataFrame.merge
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.query.html?highlight=query#pandas.DataFrame.query
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.drop.html?highlight=drop#pandas.DataFrame.drop
https://pandas.pydata.org/pandas-docs/stable/user_guide/groupby.html
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.groupby.html?highlight=groupby#pandas.DataFrame.groupby
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https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.max.html?highlight=max#pandas.DataFrame.max
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.clip.html?highlight=clip#pandas.DataFrame.clip
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.min.html?highlight=min#pandas.DataFrame.min
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.abs.html?highlight=abs
https://pandas.pydata.org/pandas-docs/stable/user_guide/window.html
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.expanding.html?highlight=expanding#pandas.DataFrame.expanding
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.rolling.html?highlight=rolling#pandas.DataFrame.rolling
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.size.html?highlight=size#pandas.DataFrame.size
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.agg.html?highlight=agg#pandas.DataFrame.agg
https://pandas.pydata.org/pandas-docs/stable/user_guide/missing_data.html
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.dropna.html?highlight=dropna#pandas.DataFrame.dropna
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.fillna.html?highlight=fillna#pandas.DataFrame.fillna
http://pandas.pydata.org/
http://www.princetonoptimization.com/
https://www.rstudio.com/wp-content/uploads/2015/02/data-wrangling-cheatsheet.pdf
https://pandas.pydata.org/pandas-docs/stable/user_guide/visualization.html
https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.plot.html?highlight=plot#pandas.DataFrame.plot
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Tabnuua 3HadYeHu nHTerpanbHon yHkumm Jlannaca

X d(x) X d(x) X d(x) X d(x) X d(x) X D(x)
0,00 | 0,0000 |050| 0,915 |1,00| 0,3413 | 150 | 0,4332 | 2,00 0,4772 | 3,00 | 0,49865
0,01 0,0040 |051] 0,1950 | 1,01 ]| 0,3438 | 1,51 | 0,4345 | 2,02 | 0,4783 | 3,20 | 0,49931
0,02 | 0,0080 |052| 0,985 |1,02| 0,3461 | 152 | 0,4357 | 2,04 0,4793 | 3,40 | 0,49966
0,031 0,0120 | 053] 0,2019 |1,03]| 0,3485 | 1,53 | 0,4370 | 2,06 | 0,4803 | 3,60 | 0,499841
0,04 | 0,060 | 0554 | 0,2054 | 1,04 | 0,3508 | 154 | 0,4382 | 2,08 0,4812 | 3,80 | 0,499928
0,051 0,0199 |055]| 0,2088 |1,05] 0,3531 | 155| 0,4394 | 2,10 | 0,4821 | 4,00 | 0,499968
0,06 | 0,0239 | 056 | 0,2123 | 1,06 | 0,3554 | 1,56 | 0,4406 | 2,12 | 0,4830 | 4,50 | 0,499997
0,071 0,0279 |057| 0,2157 | 1,07 | 0,3577 | 1,57 | 0,4418 | 2,14 | 0,4838 | 5,00 | 0,499997
0,08 0,0319 |058| 0,2190 | 1,08 | 0,3599 | 1,58 | 0,4429 | 2,16 | 0,4846
0,091 0,0359 |059]| 0,2224 | 1,09 | 0,3621 | 1,59 | 0,4441 | 2,18 | 0,4854
0,10 | 0,0398 | 0,60 | 0,2257 | 1,10 | 0,3643 | 1,60 | 0,4452 | 2,20 | 0,4861
0,11 | 0,0438 |061| 0,2291 |1,11| 0,3665 | 1,61 | 0,4463 | 2,22 | 0,4868
0,121 0,0478 |062| 0,2324 | 1,12 | 0,3686 | 1,62 | 0,4474 | 2,24 | 0,4875
0,13 | 0,0517 |0,63| 0,2357 |1,13| 0,3708 | 1,63 | 0,4484 | 2,26 | 0,4881
0,141 0,0557 |064 | 0,2389 | 1,14 | 0,3729 | 1,64 | 0,4495 | 2,28 | 0,4887
0,15| 0,0596 |0,65| 0,2422 |1,15| 0,3749 | 1,65 | 0,4505 | 2,30 | 0,4893
0,16 | 0,0636 | 0,66 | 0,2454 | 1,16 | 0,3770 | 1,66 | 0,4515 | 2,32 | 0,4898
0,17 | 0,0675 | 0,67 | 0,2486 |1,17| 0,3790 | 1,67 | 0,4525 | 2,34 | 0,4904
0,181 0,0714 | 0,68 | 0,2517 | 1,18 | 0,3810 | 1,68 | 0,4535 | 2,36 | 0,4909
0,19 | 0,0753 | 069 | 0,2549 |1,19| 0,3830 | 1,69 | 0,4545 | 2,38 | 0,4913
0,201 0,0793 | 0,70 | 0,2580 | 1,20 | 0,3849 | 1,70 | 0,4554 | 2,40 | 0,4918
0,21 0,0832 |0O,71| 0,2611 | 1,21 | 0,3869 | 1,71 | 0,4564 | 2,42 | 0,4922
0,22 | 0,0871 |0,72| 0,2642 | 1,22 | 0,3883 | 1,72 | 0,4573 | 2,44 | 0,4927
0,231 0,0910 | 0,73 | 0,2673 | 1,23 | 0,3907 | 1,73 | 0,4582 | 2,46 | 0,4931
0,24 | 0,0948 | 0,74 | 0,2703 | 1,24 | 0,3925 | 1,74 | 0,4591 | 2,48 | 0,4934
0,25 0,0987 |0,75| 0,2734 | 1,25] 0,3944 | 1,75 | 0,4599 | 2,50 | 0,4938
0,26 | 0,1026 | 0,76 | 0,2764 | 1,26 | 0,3962 | 1,76 | 0,4608 | 2,52 | 0,4941
0,271 0,1064 | 0,77 | 0,2794 | 1,27 | 0,3980 | 1,77 | 0,4616 | 2,54 | 0,4945
0,28 | 0,1103 | 0,78 | 0,2823 | 1,28 | 0,3997 | 1,78 | 0,4625 | 2,56 | 0,4948
0,291 0,1141 | 0,79 | 0,2852 | 1,29 | 0,4015 | 1,79 | 0,4633 | 2,58 | 0,4951
0,30 | 0,1179 |o0,80| 0,2881 |1,30| 0,4032 | 1,80 | 0,4641 | 2,60 | 0,4953
0,311 0,1217 |0,81| 0,2910 | 1,31 ]| 0,4049 | 1,81 | 0,4649 | 2,62 | 0,4956
0,32 | 0,1255 | 0,82 | 0,2939 |1,32| 0,4066 | 1,82 | 0,4656 | 2,64 | 0,4959
0,331 0,1293 | 0,83 | 0,2967 | 1,33 | 0,4082 | 1,83 | 0,4664 | 2,66 | 0,4961
0,341 0,1331 | 0,84 | 0,2995 | 1,34 | 0,4099 | 1,84 | 0,4671 | 2,68 | 0,4963
0,35| 0,1368 |0,85| 0,3023 |1,35| 0,4115 | 1,85 | 0,4678 | 2,70 | 0,4965
0,36 | 0,1406 | 0,86 | 0,3051 | 1,36 | 0,4131 | 1,86 | 0,4686 | 2,72 | 0,4967
0,37 | 0,1443 | 0,87 | 0,3078 | 1,37 | 0,4147 | 1,87 | 0,4693 | 2,74 | 0,4969
0,38 | 0,1480 | 0,88 | 0,3106 | 1,38 | 0,4162 | 1,88 | 0,4699 | 2,76 | 0,4971
0,39 | 0,1517 | 0,89 | 0,3133 | 1,39 | 0,4177 | 1,89 | 0,4706 | 2,78 | 0,4973
0,40 0,1554 | 090 | 0,3159 |1,40| 0,4192 | 1,90 | 0,4713 | 2,80 | 0,4974
041 0,1591 | 091 | 0,3186 |1,41| 0,4207 | 191 | 0,4719 | 2,82 | 0,4976
0421 0,1628 | 092 | 0,3212 | 1,42 | 0,4222 | 1,92 | 0,4726 | 2,84 | 0,4977
0,43 | 0,1664 | 093 | 0,3238 | 1,43 | 0,4236 | 193 | 0,4732 | 2,86 | 0,4979
0,441 0,1700 | 0,94 | 0,3264 | 1,44 | 0,4251 | 1,94 | 0,4738 | 2,88 | 0,4980
045\ 0,1736 | 095 | 0,3289 |1,45]| 0,4265 | 1,95 | 0,4744 | 2,90 | 0,4981
0,46 | 0,1772 | 096 | 0,3315 | 1,46 | 0,4279 | 1,96 | 0,4750 | 2,92 | 0,4982
0,471 0,1808 | 0,97 | 0,3340 | 1,47 | 0,4292 | 1,97 | 0,4756 | 2,94 | 0,4984
0,48 | 0,1844 | 0,98 | 0,3365 | 1,48 | 0,4306 | 1,98 | 0,4761 | 2,96 | 0,4985
0491 0,1879 | 099 0,3389 | 1,49 ]| 0,4319 | 1,99 | 0,4767 | 2,98 | 0,4986




Tabnuua Nnpon3BoaHbIX

Tabnuua nHTerpanos

1L.(C) =1, a'=1 L {de=z+C
k+1
2.(z")' = az*” 2 [2hde = 2 1+C’, (k #-1)
1 1) 1 - da dx
3 (V) = (_) __ 1 [ oozre, [P+
(Vo) 2T T x° N Ix
4.(a")' =a"lna, (") =¢€" 4. [ade =2+ 0, Ie””d:z::e””+0
J Ina
1 1 e d
5. (log, z)' = , (Inz)'=-— 5. .x =In tg£+C’
rlna T sinzx 2
e d
6. (sinx)'=cosx 6. ° :lntg(£+£)x+0
Y coszT 2 4
7. (cosx)'=—sinzx 7. [sinzdz = —cosz + C
8. (tgx)' = 12 8. [coszdz = sinz +C
cos” x J
1 d
9. (ctgzr)' = —— 9. f =tgr + C
sin” z cos” T
R | c dx
10. (arcsinz)' = - 10. | —5— = —ctgz +C
1-2z sin” x
| 1 ¢ dz . T
11. (arccosz)' = — 11. = arcsin—+ C
1- 2 RNL a
¢ dx
12. (arctgx)' = 12. —zln‘x+\/x2ia2 +C
aretge) = 1 & T
1 e dr 1 T—a
13. (arcctgz)' = — 13. =—1In +C
( g) 1+ 2° Yt —a® 20 lz+a
e dx 1 T
14. > =—arctg—+C

2
YT +a a a




[MpaBuna guddepeHumpoBaHns n
NHTErpnpoBaHns

HekoTopble TpUroHoMeTpu4eckue
dopmynbl:

a) [TpaBuna nuddepeHnupoBanms

. 92 2 2 2

sin“z +cos”x =1;1—-sin" x = cos” z;
2 2

1—cos” z =sin” z.

1 | IIpou3BogHass CyMMBI: .9 1-cos2z 2 1+ cos2zx
(u+v) = u't ! sin :(::T,cos sz,
2 | [IpousBoHAs IPOU3BEICHUS: ) ) 1 N
vy = vt sina -sin f = 5 (cos(a — B) — cos(a + B))
. ! — . ! 1
3| cwi=cu sina - cos f = §(sin(a — ) +sin(a + f))
. 1
[TpousBoaHas yacTHOrO: cosa - cos B = 5 (cos (a N ﬂ) + cos (a B ﬂ))

! 1 |
(u) uwv—u-v
| =
v v

5 | CnoxHas QyHKUUA:

((flp(@)' = f', 0'(2)

DopMyIIbl COKPALIEHHOTO YMHOKEHUS

0) [TpaBuiia MHTETpUPOBAHUS

U [(f@) £ gl@))a = [ f(z)de + [ g(a]

(a£0)° =a” +2ab+ 1

2 :k - f(z)dx = k’.[ f(z)dx

3 :f(aa; +b)dz =

= %J.f(aa: +b)d(az +b)

a’ b =(a-0b)(a+D)

1 [ (o) @'(@)dx + [ f(p(x)) do(]

S HNHTerpupoBanue no 4acTsim

Iu-dv:um—'[v-du

(a £0)’ = a® £ 3a’ + 3ab® £’
a’ £b° =(axb)(a® Fab+b*)




