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F1E S LE
1.1 KPP AE

AR R Pythoni AT S 4% . AbHE . HEEE . )M Sy I B ARG AR AR . A
P2 2APythongm F2 A A T- B A B ) PE AN T B BAES, #ARIXLL, nf DLEREON — MR i &
Ko BRAPFREZ B, H A EPythonZmfe. i, VLA TEEE i T HE. X
Bl A 2 2 Python g 72 .

A FE s ?

A IR, FURETRIRAT ANE? EER AR AL EE (structured data) , IXAMHUE
EOMIELRE AR AR 1 P B IRS SC EE, flan:

o MMM, HP R RERARMRE (Frrd . Bl HEIE o IR R HE
JZE P ER CLRI R T AZ 5 08 73 B A7 IR SCA SO A AR S B4l

o ZYEMUH CGEFE) .

o EIICEEY] W TSQLAII S, B BRMmigE) MEBRAN LK,

o [HIRE T 25 AN 24 FAT I 8] P 571 o

RAAE AN EBIBIR . K B E MR EINE & o @R e e, BRA
I IXFFASEAR R o WERAAT TG, thn] LUK B SR MR SR O A a5 A e i, — 41
Vi) SCE W] DAGAL B Oy — SRR AR, i X SRR AT LA TS AT

KER T LT RAE AT (ELlMicrosoft Excel, &Rl REE S EAE A ) 2 e o i TE 7)) 1A
ISR RB R P A

1.2 9t 4 EAd F Pythonit A7 445 70

L LZMN (BFERAT) WIRAESHZ EPythoniX [ 1iEH . HM19914EHEAE LISK, PythonHl{E
O RN RN AmEIE 52—, HibiEHPerl. Ruby2s. HITH#H KEMWebHES (Lt
URails (Ruby) FIDjango (Python) ) , HM20054F, {#iHPythonflIRubyt 1T’k & 15 TAEE
HRAT . IXLETE F W WMAEMA (scripting) 85, B AEATRT LU T4 S 1 40wk RS 6 /N 7
(WHREA) « BAAAFAFERBEAET"EARE, FATHFBIEDIXEAE S TGERH T ™
IR ERZRREANES T, BT SR LA R, Pythonk J& T —AN B RTIE R
AR THE (scientific computing) #:1X . fEid 2104, Python A — AN ZE" B 480 S 1R
WHIBES, RN TEEREE, PLasEs] . SR T AR R R EENES 2 —.

TEEE M A8 B AT S DA R B T ARG 5 T, Python A ] sk 4 -5 LAt Y5 RN pe b fr 4 sk e
EFE S/ T AT, WR. MATLAB. SAS. Stata’s. ii4Esk, T PythonftiE (filln
pandasfiiscikit-learn) AWiek R, 5 BONEHR 5 TS B — MRS TT 5. S6 HAEE A RmIETT
TSRS 7, AT 5E 40T PRSI Pythonix — s 5 #4 & LLEE O i v A .



PythonfE AR KIE S

Python S DI IR A S TR R 2, ERE ML MC, C++LL e FortranfUih. KHE
IR A ELAA A T —FortranfIC AR SEILZ MEARK . fLik. ARy DR B e e L K
i e SR B . V2 Al AT [ 5K S 6 = A FI PythonsK R &7 8L e J 1 2 4R 10 st B A1 &
G

K2 BOIAF A PR AR AL RS . A B 25 A O PAT IR TR (AR, ALK AN AT
MBS s KBS OL s AR HIPAAT I TR AN B o TT AN G HIKE 71 LT A4
DA THEORE L, A R B ARG 5 (thne)

figf R P T 1 7 )

IRZHGLEH HR 2 F — ML T SRS E T SE S (ISASHIR) X M ABVEAMRIE 78« SR AL A4 s A1
WK, AR5 PR IR AR BN R R G5 (TRgt MJava. CHECH+S S ) -

MTZEEH RS, Python NMUE M T TR R, [ thad ] TRy ™ R 4t it a—Fb

WEH T, MEMLHPAES RIS ? BANEEORERE B S E, ROV 5
AN TREEARN G348 I A —Fh g R TR 4 Albts R AR B A L0

FA A& Python
HAAPythondE & & A @ 40 T B DL AGE I 240, (HBEX AN H 5008 2 .

T Pythonsg —Fli B gFEIE S, FUL AR PythonfRAZERE L H 4m TG S (thimJavafi
C++) ImEMMRILEITIEHE 2. BT S A A8 5 # L CPURY [al{E £k, Rk VE 2 N HIE B0 itk
i —Le iy, (HE, TEARLUAEIR SR AR R /INaR m SR A 2 R (B = iAs 5 2400, FERR
IS B4 4 N CH+IX R AR SEAIAE = R (118 5 AT g fE 2 (15 1Y .

XTEIR . ZEREMNHARETFE OUHREATZ I EEERELENNHER) . Pythonif
AR —FhERR M RAETE S o X2 APythonfs — /MUl 4x J= @ B 238 (Global Interpreter Lock,

GIL) Mg, X2 —Fh By b AR AR R PUAT 2 & Python = i F8 & ML . A R N4 A7 7E

GIL"HHARTE IR R 7 A TEE . BRI 2 R AL BN RO T BEAE B RN TA] A 58 e
P MACEE TAEM R BB T HAVERE L, (RN el 7 2 e 2 R R GUR R

.

X FFA A Ui Python AN BEFAT FLIE [ 2 LA AT . B, Python i CHfif4 4 A i A= (I CEl C++(1)
ZEAE, AUIHTBATIARGILE N, REEATASE 5 PythonXt 52 H..

1.3 FEZ [JPythonE

HRERILLIEAK T i Python Bl 22 - FAZ S RGEAE 3, T IS BN B — ANl S A

e

NumPy NumPy (Numerical Python({Jfai#x) ZPythonfl it R R . A KH 0 N EHIET
NumPy LR A T3 B . B4t T LR Ihae CRIRT ) -

4



o PR R 2 4ERLZH N Bindarray

o FHTXHAPAT U R Lt S UL S ELEE X B PAT B 18 L R
o T IERA FIETHAMEBIEERN T A,

o ZMARBOZHE . (HEMA, DUXBENLEAE R

-BEIC AP, T Pythondfi bR EA=C. C++. FortranfCHE 15 i) NumPy % ds 25 46 At 42
TH.

Bk 7 APython AL 1 B 4L A BERE 77, NumPy EEE 708 5 A 54— EE2EH, BIER
FESEAN e 2 TG S HR A5 2% o 0 TRUEALEAE , NumPy SR e A7 it AL R EE I 22 L ) B
Python¥ils s M =S 2 . 1A, HMIRKIES (LLaCHIFortran) 4’5 1% il DL E 45 /ENumPy
AR, RS &6 TE. Fik, YFZPythonfBE it 5 T HZ A NumPy
BOAAE N E B SEH, BT DL S NumPy T JC48 58 HRAE.

pandas

pandas$E it 7P (EHE AN 45 M AL BRI R E AR S5 AR S B 20105 LAk, B B#
Python i A5 KT = A EE 0 iR . A4 15 5 £ [ pandasX] % i&DataFrame, ‘& /& — Ml
1% (column-oriented) [ _4ERE5H), 55—/ ZSeries, —/—4EARZEAEANT R o

pandasFt HNumPy & PERE I 115 DN RE DA S HE - RAS IO RAVEE 2 (anSQL) R 3G 15k 4b
PIhEE. ERME T EARANIR G ThEE, ReEIN{EfERb S s E Y. U I, A DLRGE ISR
FEESEEE. DUNEIREAE. & EVR BRI EEHRE, pandasie AT E AT .

ENE 5, FAETE2008FE W] 4R T K pandasfty, FBETFEATERTAQR Capital Management, —%X
B EEH AR, A2 TAERRAA G AR R — ) TRk

o AFRERHKIBIRSH, SR B ShEUE I I BER 55 XA BARTIE b T8 AR5, s BRI
AFRZR SRS, Frig s ix.

B RIS TR FP 1 D fE -

R T P800 85 4 P 3 AR R ] 3 5 e AN A I 8] 7 510 080 o

TRAF TR I S A SR R 4

RE AL PR H R o

o BIFMIERATEIEE (BlInkETSQLIEH ) M1 R ERlE.

AR — M T RSO G IR, JHE BRI S . Python@ — MAVE R TE 5
{HAE LRI AT SR BRI Bt 45 M A T HORSEBL. 3 IH ot /& A pandas it iy — il F -kl
ML AT TR, pandas &y TR FER (8] P S T REAT T 5, 3 A I ) 2R 516 1 Hicdis

W ARE ST G HE AP, &AL DataFramex N4 7B A, AT HEE TR
ffjdata.frameXt % . {H 5Python A [q], data framesHaE T RAE bRt . Fitk, pandasiiiFr
ZIREANE TR E Y B

pandasiX % 7§ Tpanel data (THMREE, Xi& 2 g BIRETE T ELFF FPHIARE) DL
Python data analysis (Python%#E > #)



matplotlib

matplotlib;2 i AT i T2 il R R AN T — 4e i aT AL I Python & . & e ] i John

D.Hunter (JDH) g, HEId—MEKIITARBIAEEY . R E & timy EAER. 5
e e RIPython T HLIL I, matplotlibl 2 I ) 2 ), JFHEMBEAT TR GHARE
ek. WLy, ATLMEREE BRI AL T

IPython#1Jupyter

IPythonZiii H 2 4] & Fernando Pérez#£20014F [1)—ANF LA s AIPython s B[ F I H . 7ERE /51116
b, BECN T PythonBitk i E B T H 2 —. BARIPythonA 5 %A $ 4 S AT 4 #r it T
B, gy LK RS m A BT AR IF R AR~ . IPythongi il BUAT-HR 10 TAER, X5
T HE G R R AR I G -G VR- 18 AT AR . I8 AT U 5 10 RS shell RIS R 4. RN
KR B - i RS AR IR R . WA E S, IPython ] LA T/ETE L.

20144E, FernandofllIPython[4Ib\'E 4 T Jupyterdi H , —ANE 9632 (215 5 28 Bt 8 T B Mt
%l IPython web notebookZZ 1% 1 Jupyter notebook, HI7E S FF40F i fEiE = . IPythonHL7E AT LA
1E A Jupyterfi HIPython ) % (—Fhgmfeih 5 150 .

IPythonZZ i 1 Jupyter e KIFUET H (— A8 AR R R E A ESOME) fi— N, R
MR R, BELE—MHTHS. WK, HilPythonfRAS K3 {bshell. VR AT LA @
iFJupyter Notebook, — /N #F % Rl 5 1238 B ACIS 10 A”, KAdi i IPython. IPython
shell FlJupyter notebooks4 73& A iE AT B IR R A AT AL .

Jupyter notebooksit i] LA% 5 Markdown fTHTML P 25, ‘e 426t 7 —Fp @ ARAS RN SCA [ & SCA
%o HemiEth S MAEJupytert i T W%, BFikAEJupyterth i) LS R Python AAM1E 5 .

XN S, IR/ Python LAEAE H #IPython, B451E17T. PAATIA RS o
EAFRIGItHUb U, AR AT LA 2405 & 2755 fir A XS 5241 ) Jupyter notebooks

SciPy
SciPy & —H L [ IR B rp B MRk U B AR &, A T X 4.

e scipy.integrate: HUE AR FIFE AL 7 FESR AR RS -

e scipy.linalg: ¥"J& 7 Hinumpy.linalg & f i) 28 o A B B AR [ 70 iR Th e

e scipy.optimize: RELILEE CR/AMEES) DU ERE .

e scipy.signal: {554 T A,

e scipy.sparse: b At FE ARG B 26 M R GUR A -

e scipy.special: SPECFUN CiXj&—ANSEZEl T V2 5 FHECE R Cinfndg £ [YFortranfF)
e ds.

o scipy.stats: ARAEESF BRI A (W ERE REFERS . ELOMREE) | #Fgit
K8 751, CAKCE I (R Ge i



NumPyAISciPy4i &, K T — MR e AT 5 &, AT LA B2 R s S R 2 o
S L

scikit-learn

20104FHEA= LLSK, scikit-learnpi A T Python il FHLES 2% 2] T HAL. {UNEHE, #iLE TR
15004 GTilk#E . B RHV RS

o 5. SVM. 4B, BENLARMR. i HIH%55%,
o [A[F: Lasso. U&[H]JH%%5%%,

o W k-IUMH. WERARES,

o [%YE: PCA. FFEZEFE. HFENMES.

o GEAL: PIKEHER. TXKAE. EE.

o THALEE: FRAEHEEL. FRUELL.

Yjpandas. statsmodels#lIPython—it2, scikit-learnxt T Python il Jy s S8 Bl 2 i A1l 5 2 1
THREH . BAAARPA LA I fscikit-learn, FRFZEAF B —LBA, DK E THAT
1 FH X A A

statsmodels

statsmodels& — /MGt 7 dl, &I T AR K74t #idk Jonathan Taylor, Attt | 2 Fii
T TRIES R #r# 7% . Skipper SeaboldfllJosef Perktold7£20104F IF X 12 T statsmodelsii
H, BEEIR T KEMERE TS . ZRRMANXRSGN G K, Nathaniel Smith/kJEH T
PatsyJil H , ‘&4t T statsmodels ()24 TR R (g H TG HELE o

Hscikit-learntt ¢, statsmodelstd & & 40 i1 A AL PR HR S F . BFEI0T T

o [EITAREAY . ZEME[RIV, | SRR, (@i MR, MRS NAR RIS,
o JZESrHT (ANOVA) .

o IEFEH M. AR, ARMA, ARIMA, VARFIH &AL,

o AESHUVE: REEAGE, EIH.

o Giil ML FrT AL .

statsmodels T S E S5 G iHHEWT, FEOEAH & i S Ep-E. I, scikit-learny®: 2 il .

[ scikit-learn—#%, ot HE [ E /) ¢Hstatsmodels, LA 4] FINumPyAlpandasf#i e -

1.4 2N E

T AT Python T S IE A, AT AR — A& FIPython & LRI 223 7 & . BT
Z 1 HIPython BT HE IR BT A AN RE 78 i R A B TR EE, FrLE R RIS THEH N HE DM RIE R
gt bR wds k. IR IAnacondazi . SIEATIR, AnacondafifliPython 2.7F13.6
WA, PUE T RE R A3 . AHE R ZPython 3.6, [HILHEF % Python 3.68% 5 & il 4 .



Windows

HELEWindows Fiz4T, 26 F#Anaconda ity HEF IR EEAnaconda £ 7 I i) Windows 22 35 45
5, ¥R SAE SR ANEEF B SR B IX B 8] Py AT RE R AR AR

WAE, REGAKE LB IEM. FIHAmSTHE I ( cmd.exe ) , i python PLFTHPythonfi# i
2. A PUAE 32380 R 1 ) Anacondahl A ) i i -

C:\Users\wesm>python

Python 3.5.2 |Anaconda 4.1.1 (64-bit)| (default, Jul 5 2016, 11:41:13)
[MSC v.1900 64 bit (AMD64)] on win32

>>>

iR Hishell, #%Ctrl-D (LinuxEtmacOS I) , Ctrl-Z (Windows [) , i Adr4 exit() » Ff%
Enter,

Apple (OS X, macOS)

#0S X AnacondaZ#:tl, B4 FI:MIAnaconda3-4.1.0-MacOSX-x86_64.pkg. XL ili.pkg3L
fF, 7 detl. ZREBITH, 2 H3KAnacondati AT BEAETR N bash_profile XA, ‘EfL
T /Users/$USER/.bash_profile .

N TN, 1E & SishellfT I IPython:

$ ipython
PR Hishell, #%Ctrl-D, A4 exit() , ffi%Enter.

GNU/Linux

Linuxii AR 2, ix 451 Debian. Ubantu. CentOSHIFedoralt) 2t ik, b2 — AN
4, WZiitEshellrFiz iy, BT RER3207 02641071, A%k x86 (321i1)x86_64 (6417 )23k
i, BEJGIREEE—AD X, 2 FZMT Anaconda3-4.1.0-Linux-x86_64.sh . FlbashifiT 2%

$ bash Anaconda3-4.1.0-Linux-x86_64.sh

Eid: FELinuxhiATE G EL 48 HH A 2 75 R 1Pythontl, A7 A2 lapt i T A
7. XHE P HAnaconda% %, i&H T AFMLinuxZ 3, WIRE 2K 53

A
BHThiR
B2 Al 2 S, 2[R IA A 7E I BB Anaconda it SCE . FRIEFES SO 22 s BB iThome H
3%, U0 /home/$USER/anaconda o



AnacondaZZE B ] G MR 2T bin/ HFRININE] $PATH &, WIRAE LRI J5H AT
G, AR BSOSO cbashre (BY .zshre , WIS )& zsh shell) RZEIPL TR N2 -

export PATH=/home/$USER/anaconda/bin:$PATH
e G, AR —AN8E 1, 8K ~/.bashre AT .bashrc .

74 8 T+ 2 Pythonty
TEARBEEA %, VRAT REAR 2235 7 A AN fEAnacondar i Pythontd . JE %, FTLAH LR a4

g7y

conda install package_name

WX AT, WAL Hpip & H# T H.

pip install package_name

YRAT LA conda update fv&TF44A:

conda update package_name

piptl LA --upgrade JF+2:

pip install --upgrade package_name

K, RETFZHISZRAX RS,
HRE: MRME Fcondafllpip —# 25, T /iAE HpipFtZicondaffifl, XFEESEIAEE
KA R, 2418 F AnacondaBMinicondaltf, 4 & 566 FH condaii 47 71 4% .

Python 2 I Python 3

—hi[¥IPython 3.xH L T-20084F . & — RFIMAAL, 52 ATHIPython 2 XU A AN He 25 1
77 o BN M19914EPython BB, 40t 7174, Python 3 [ HL B AR AW B — L 21 25031 () 58
g R.

20124F, PSR KA 564 30 Python 3, 42 B AIEHE 29 ok X8 J& 76 43 F Python 2.x.
DRI, A5 28— FR A FH ()72 Python 2.7 B7E, H /7 AJ LLZEPython 2.xH1Python 3.x[a] [ G,
THAAA RIS

{HJE, Python 2.x7E20204F <2 (HFRHEEM L4 T , FIEHPython 2.78iAN & 4 1%
7. Bk, ABMH 7 Python 3.6, X—) 2. (R RIFIIFRERA. RATSZEFPython
2 XN B, fEiFkPython 3.x¥“Python”. R /Rt &ttt

9



AT Python 3.6. FRIPythonfiiAth /5 13.6, {HZ RIS N AiZ 2 [ AT 1. — LRl
RAG AT HETEPYthon 2.7 L H BT AN, BiSE EAHZ

LI KINE (IDEs) I AZw 4R 4

0 ) B ARUETT R IAEE, IR LT B A IPython IS A gw i 487 . FIEH RS, B
IPython&lJupyter notebooks H Il X AR & 56 ARG . W] LA B EEAE, AT R4 30 10E 2040
HRAE I — Rk . #Eshellt il flpandas MINumPy 1R % 5 .

HoZ, HEIEEIER, —LH] 7 arRg s AR A4 s OV 5 UIDE, 1AM SR I Emacs 5L
VimESCA s s . LN 2 —LEIDE:

e PyDev (%) , J:TEclipse’t*&HIDE;

o JetBrains/fiPyCharm (A P FHEEITH, R RF R
e Visual Studio (WindowsHH J*) f#JPython Tools;

e Spyder (%.%%) , Anacondalif} []IDE;

e Komodo IDE (FHik)

K NPython(fiidT, KEZHCCAZERE, ELinAtomFISublime Text 3, *fPythonf) sz f£F thAE %
it

1.5 H X M2l

B AR R, RSN R2 AEEE A K A Python s 1H71 2 AR A # B, 1RE 53451
%o

e pydata: —/NGoogleff£H%IF, H LLEIZPython £ 7 #t Flpandasfy i & ;
o pystatsmodels: statsmodelsapandast %] ] i ;

o scikit-learnf1Python /L& > {313, scikit-learn@python.org:

e numpy-discussion: FINumPy#H ] i i ;

e scipy-user: SciPy IR}t 5 ) )

PRONIX LR 51 R FURLS AT MR S 21, (HEDN A e AR, P ABCAH 45

fpA, MRS IS Z Python K #H K. WIERARAR R ARG AH R SR, W v ge
W, WEBURES I W2 SWSX TSI NI AR S NIRHEW 358 e —L
e

e PyConAiIEuroPython: Jb3EFIRRIH HI P KPython2x 1% ;

o SciPyHIEUroSciPy: Ib3& AR 5 AT 7] Bl S 2533

o PyData: tHFGHIA, —LeH|HbX o1, L iEEEE R AEEE 75 4T

o [EFrAIHL X IPYCon£xill Chttp://pycon.orgfi 5e#a4) &

1.6 <530

10



WA Z 5T NARAE i Python, IRIRATRETR Z R B B A BRI 2T IR, HEEN4H 7 Pythonl)
KR, IPythonAllJupyter notebooks. IXEEAITH & AT fE TH ) N Ml . W RE g5 4R
Python, ] LLigEEBkid .

FERoR, WA T NumPy O OCEERRPE,  BESRAT & S INumPy igE. 5, A@AT
pandas, ZJ5J 43 A 24 # 2 {8 Flpandas. NumPyAImatplotlib4b ¥ 4 20 4 i il . e el
REib R EENE T, (AERSAEN ML, A HBIMESERENHEE.

S B S B TAMES AR, KA A7 9 JLK:
o SAMEH A
] 1520 55 2 A S AR SR A7 1
o HrlEifE%
HE. B G, trdkEte. BEEL v UIELL R, DAEAT A
o FAHE
XA BB AT HEE MG TR, BB EdEEE (Blin, S HARRREMAER)
o B
R E G B, Mt SISk, s 5 TR,
o JEIR

O A2 B SR 25 1) P T ARG AN SCAS S 4

(MERNY

A R o ARG 7 1 1 A N T SR H 45 R 2 12 IR 7EIPython shellEJupyter notebooks H $1 4T
I RE T 1E AT HERR -

In [5]: CODE EXAMPLE
Out[5]: OUTPUT

{EARE BIZRALIRBIARAS, SR LLIRTE in FIER I AACES, $ZEnterfE AT (Jupytert 2 4% Shift-
Enter) . #RJ/EHEAI ATE out B EHIH .

ANk
& B [R5 B #R A TEEGitHub |« http://github.com/pydata/pydata-book. T #iX Le# ks 1) 7712

H o AE it ARG TR BN R EZGitHubZE ) zip . an s 3] 1 ) i,
AT LARIR AN NFET, http://wesmckinney.com/, 3REURFTITE S .

11



N T AT RBIERE I, RO/ PrRefl A & Ira B m AR, EARFT e — e a iR e
Wiie. R HIX RS E, AR KM wesmekinn@gmail.com. #1745 AR I i 5
& O'Reillyffjerrata i i, http://www.bit.ly/pyDataAnalysis_errata.

NG
Pythontt X £ 4632 SRR T 4% FIF LS fir 4451

import numpy as np

import matplotlib.pyplot as plt
import pandas as pd

import seaborn as sns

import statsmodels as sm

W, MIRE Fnp.arangeltt, #tNZAEE]E 5] I ZNumPyH arange i 5. X REAF R R
A& EPython M R R, AW E 5| AZBRAINUumPYIX FlORT R 4238 A 2 (from numpy
import *) .

AT

B TR AT BEAS A B A5 Hh f FH 1 — S DG G A2 RN S0 R 2 T 1 RS, B DAIRAE X B2 th 3
HE NS

HAEAEE (Munge/Munging/Wrangling) 82 BS54l (B0 BOELEE A B8 45 f A Bl i
AR TR . X JUANE DM O 24 550 BB TAT1E T« MungeiX /MiA] ERLunge
o

iS5 (Pseudocode) SAEIERE A AR, T IX LeACRS A 5 I A2 SE by RIS .

A (Syntactic sugar) X & —FgRFEIETE, EIFASHOREIIRE, (HEIREAE AR T 5 ik
B,

12



2% Pythonit L& 4, IPythonflJupyter
Notebooks

MIRAE201 1201 2F S AEAR P EE— R, v %= 2] Python 4 7 i B2 IR /> . 1X38 4 B
e AEAER A AT E, tinpandas. scikit-learnflistatsmodels, HS A AH %>k
VAR 20174, Hfly . B ot bl % 0RO AR 2, sk AR H iR
JE B 7T ENIENE K PR A S AU TAEAN G . % 2] Python s At A2 M i A
7 PEWNA T

PN A A B0 T Python Bl AL BT, X - —LEPython AU 45 K A2 O RF A XE S AN A2 o
I, AFAEITHIA A RS IREES: I A 5T A A A

ERKE, WHLENRNT BIEHHEREPython. IR H IPython shellflJupyteriXtit =~
BIARRS, FFEIANFIAL, BRI ER SR . BRI ORI TG #ik, (HisE R A
SR Z A HE N

ARAS KB 73 A IRTE I R 35 T 2R 1) 70 A AR B R A It SR I Bl % TR . O TR IR T
Ho, AU SR IR AL B R e B Ak (g A) TBa. 324F, Pythonj — AN FAE 15
o A DAPRGEEE AR . Pythonflf FAHER AR, O 2 HE 5% B Bl S LAEAT 20 #T o

I IFEIPythonflJupyter 155 H A I T R AR5 2 7 i f5 3hpythonflJupyter,
PARVARERBE S BIARID AT S o SATAT A IR BN R E IR — 105 WL iy &t 5 S ih 28
) —& 55 -

Eid: ARFEERANAPythonFEEEMED:, WSS R0 RafE, PRV Re2 K I E A 1/EPython
G R ARE . N T nsEPythonZnil, FRE R 2] B 5 Python UL,
https://docs.python.org/3/, B2 18 H FIPythonZfE 558, thin:

e Python Cookbook, #3hf, David Beazley#lBrian K. Jones¥® (QO’Reilly)
e Jit#%HIPython, Luciano Ramalho# (O'Reilly)
o = 4U)Python, Brett SlatkinZ (Pearson)

2.1 Pythonfiff 5%

Python 2 iR HEiE 5 - Pythonfiife# [Fl— i i) R geig T — MR — 215 4) . FrAE A H Python
R RS AT AAE A AT R BN python fr & FTFF:

$ python

Python 3.6.0 | packaged by conda-forge | (default, Jan 13 2017, 23:17:12)
[GCC 4.8.2 20140120 (Red Hat 4.8.2-15)] on linux

Type "help", "copyright", "credits" or "license" for more information.
>>>a =75

>>> print(a)

5
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>>> PR AR . ZR H Python i@ FE 4 iR A1 2, 1T PAFTN exit() B3%Ctrl-D.

iz17Pythonts * A & I Python i [A]I, A —A .py SUHHENE RIS NS8O eld 17—
A~ hello _world.py A, BRINEE:

print('Hello world")

PRETEAH R A 238478 ( hello_world.py SCHRAZIA T 280 TAEH) -

$ python hello_world.py
Hello world

—EEPython 2 /7 51 Sl IXFE AT Pythonf U5 1, MZEEE 40 A AL 2 11 5510 N\ 2028 F IPython,
— A Eafk I Pythonfid B4, BJupyter notebooks, — AN TACASZEICA, & JE %2 IPythonf)—4
THH. EATES, AG 7 IPythonflJupyter, FEFSRATAEIRAKND . HIR(E
Al %run 674, IPython2s [FIREPRAT 48 2 SO ARRD, S5 R )5, LS4 E.

$ ipython

Python 3.6.0 | packaged by conda-forge | (default, Jan 13 2017, 23:17:12)

Type "copyright", "credits" or "license" for more information.

IPython 5.1.09 -- An enhanced Interactive Python.

? -> Introduction and overview of IPython's features.

%quickref -> Quick reference.

help -> Python's own help system.

object? -> Details about 'object', use 'object??' for extra details.

In [1]: %run hello_world.py
Hello world

In [2]:
IPythonZR KA F S 1M In [2]: , SRR >>> BRI
2.2 IPython %L il
RN, BATEHARIT 81T IPython shellfljupyter notebook, F /44— SEIL A HE S .

iz171Python Shell
YREJ LA ipython fE#r4 4741 JFIPython Shell, HiA% 4T 138 I Pythonfif B 28«

$ ipython
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Python 3.6.0 | packaged by conda-forge | (default, Jan 13 2017, 23:17:12)
Type "copyright", "credits" or "license" for more information.

IPython 5.1.0 -- An enhanced Interactive Python.
? -> Introduction and overview of IPython's features.

%quickref -> Quick reference.

help -> Python's own help system.

object? -> Details about 'object', use 'object??' for extra details.
In [1]: a =5

In [2]: a

Out[2]: 5

PR Bls s s AR IF 4 Return (BEnter) , 1Z4T/E&Pythonifify. AR AN — Mk, B4
BRI R -

In [5]: import numpy as np
In [6]: data = {i : np.random.randn() for i in range(7)}

In [7]: data

Out[7]:

{0: -0.20470765948471295,
1: 0.47894333805754824,
2: -0.5194387150567381,
3: -0.55573030434749,

4: 1.9657805725027142,
5: 1.3934058329729904,
6: 0.09290787674371767}

PIATPythonfRiSiE &) 55 2R AEIE M08 data MIACE, E5IH—HrElEKPython
. FJR—ATITED data HIMH

YrZ PythonXt RAgks s N 5 30 2, BFRAE pretty-printed , E5 &N print AN, 4N
RAEPRAEPythonfif B & HTEN iR data A0, )W) B BEFEAR.

1 =

>>> from numpy.random import randn

>>> data = {i : randn() for i in range(7)}

>>> print(data)

{0: -1.5948255432744511, 1: 0.10569006472787983, 2: 1.972367135977295,
3: 0.15455217573074576, 4: -0.24058577449429575, 5: -1.2904897053651216,
6: ©.3308507317325902}

IPythonid S RFHATAE RARRD B Gilik —/MERT B9 & H K5 7775 FEE B Python A K ThRE. 1Rt
A LA H Jupyter notebookiz 17 KA E, 2 N Kt =E F.
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iz17Jupyter Notebook

notebook &Jupytertil H B Z /2 —, ER—MMUE. XA CHFmcshrid) « FdEmTfii
e A B AR . Jupyter Notebook 75 £ 5 W I% H8l, W% &Jupyter 5 H B 4fEiE 5 M
T HIRFEPML . Pythonf)Jupyter N 2 fd FlIPython. %3 5hJupyter, fEAr 2474 jupyter

notebook :

$ jupyter notebook

[T 15:20:52.739 NotebookApp] Serving notebooks from local directory:
/home/wesm/code/pydata-book

[T 15:20:52.739 NotebookApp] © active kernels

[T 15:20:52.739 NotebookApp] The Jupyter Notebook is running at:
http://localhost:8888/

[I 15:20:52.740 NotebookApp] Use Control-C to stop this server and shut down
all kernels (twice to skip confirmation).

Created new window in existing browser session.

E2HCF S b, Jupytere HEFTH BN 4 (BRAEFEE T --no-browser ) o B, WILAER
Zlinotebook 2 J&5, FaFTFF ML http://localhost:8888/ - [¥12-1E R~ | Google ChromeH ]
notebook.

Fid: W2 ANMEHJupyterfE AR TS, (HE AT LU E 2 ik %5 4% Ligi2vsin . X8
A A, AR RN, S BT RIR B,

G 11| 0 localhost @ 1| O a 80 :

ZJupyter

Files Running Clusters
Select items to perform actions on them. Upload New~ &
- ®
[ choz
[ cho3
D chos
O chot?
O chos
[ chog
O ch11
O chi3
& appendix_python.ipynb
& choz.ipynb
& chod.ipynb
& chos.ipynb
& choé.ipynb
& cho7.ipynb

& chos.ipynb

B dE—notebook, Aidifz4fINew, EFE“Python3”sl“conda[BRININ]". ISR —k, A
¥, HN—1TPythonfUid. 4R 5% Shift-EnterfifT .

H¥
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(t | O localhost:8888/notebooks/Untitledipynb?kernel_name=python3 @ 7% | O o

: J u pyter Untitled (unsaved changes) o

File Edit View Insert Cell Kernel Help & |Pytho|13 (@)
+ x A B 4 ¥ W HB | C code v CellToolbar

In [1]: |print('Hello, world!')
Hello, world!

In[1: |

2 {7 1Enotebook (File H % T~ f#)Save and Checkpoint) , £xfl@d—/NE%i4 N ipynb HISCAE,
KE—ANAEE N, AEYITELARTIAE NS (BIEEFTA CIHERARRH D o AR
HeJupyter ] P nE A gnE . B INEA7AE fnotebook, '8 i E 5 shinotebookiE 2 I AH [H] H =%
Wo RATCLRH A B REIARILZ S, ILE2-3.

%R Jupyter notebook M IPython shellfsf FAZ K AR, A& LI a2 A0 T B AAT LLEH

-t

R jU pyter ch02 (unsaved changes) A
File Edit View Insert Cell Kernel Help ‘ Python3 O

+ x A B 2+ ¥ N H C code v CellToolbar

Introductory examples

l.usa.gov data from bit.ly 1
In [ ]: %pwd
In [ 1: path = 'ch®2/usagov_bitly data2012-03-16-1331923249.txt’
In [ 1: open(path).readline()

In [ ]1: import json
path = 'ch@2/usagov_bitly data2012-03-16-1331923249.txt’
records = [json.loads(line) for line in open{path)]

In [ ]J: records[0]
In [ ]: records[@]['tz']

In [ ]: print(records[0]['tz'])

Counting time zones in pure Python
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Tabth 4

MAMUL L, IPython shellFitrHEFPythonfii B2 R 2 ile KA R, IPython shellffidi b 2 — 2 A%
HEIDERZ Bt R i ftabth a2 fE. fEshellhfig ARILRX, % FTab, SHROHA
R R, REBEES) W4

In [1]: an_apple = 27
In [2]: an_example = 42

In [3]: an<Tab>
an_apple and an_example any

FEXAM 5, IPython L BLH 1 2 Hif i€ SCHIAZ B AIPython I 5CHE 7 A1 N I FTBR 2 any » 4
Ry AR TT LN AT TR R T AN 1 -

In [3]: b =[1, 2, 3]

In [4]: b.<Tab>
b.append b.count b.insert b.reverse

b.clear b.extend b.pop b.sort
b.copy b.index b.remove
[FJ A 3 FH TS

In [1]: import datetime

In [2]: datetime.<Tab>

datetime.date datetime.MAXYEAR datetime.timedelta
datetime.datetime datetime.MINYEAR datetime.timezone
datetime.datetime_CAPI datetime.time datetime.tzinfo

7EJupyter notebook FIHT i [ IPython (5.0 %L E) , HahhaThRER FRAERTE .

i R, BUAEOT, IPythonZ B I RIZIT ik A g, Ll AR 7 ik
R I I, DA IR ELI Eon CRIEE ke ) Xubdn] Pltabkb4r, {HIZ R
INE BN —AN T RILA REE e, WRRER G 2 Etabih & E BIXFER 7k, R EA
IPythonfic & H iE47 % B . 1] LAZEIPython SCRY 2548 5 5 .
Br 7 A 4. WP RABEE M, Tabif vl IAM R E R S AB LS BRAR R (RIS 2 Python
FREED T Tabtn] D4 s b5 37 (1) SO S

In [7]: datasets/movielens/<Tab>
datasets/movielens/movies.dat datasets/movielens/README

datasets/movielens/ratings.dat  datasets/movielens/users.dat

18



In [7]: path = 'datasets/movielens/<Tab>
datasets/movielens/movies.dat datasets/movielens/README

datasets/movielens/ratings.dat  datasets/movielens/users.dat

454 %run , tabfbETT LU A VF SR RAE
34k, tabib e ] DI s B SR A 28 (BESE T 5=) o WK2-4.

In [12]: def func with keywords(abra=1, abbra=2, abbbra=3):
return abra, abbra, abbbra

In [ ]: func with_keywords ab|)
‘abbbra=

labbra=
‘abra=
‘abs

IENES R e o

HA
FERRREHERA NS ? , ATLLERX REE R

In [8]: b = [1, 2, 3]

In [9]: b?

Type: list

String Form:[1, 2, 3]

Length: 3

Docstring:

list() -> new empty list

list(iterable) -> new list initialized from iterable's items

In [10]: print?
Docstring:
print(value, ..., sep='" ', end='\n', file=sys.stdout, flush=False)

Prints the values to a stream, or to sys.stdout by default.
Optional keyword arguments:
file: a file-like object (stream); defaults to the current sys.stdout.

sep: string inserted between values, default a space.

end: string appended after the last value, default a newline.
flush: whether to forcibly flush the stream.

Type: builtin_function_or_method
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XA DMEAXT R BB . RIS RAE AR BBk, g SO 74T, B R tiE
B BT T — T B e

def add_numbers(a, b):
Add two numbers together

Returns

the_sum : type of arguments

return a + b

SRIGAERI?FT S, AR BLR R U0 R B SO 177 3 -

In [11]: add_numbers?
Signature: add_numbers(a, b)
Docstring:

Add two numbers together

Returns

the_sum : type of arguments
File: <ipython-input-9-6a548a216e27>
Type: function

2?2 o R B PR -

In [12]: add_numbers??
Signature: add_numbers(a, b)
Source:

def add_numbers(a, b):

Add two numbers together
Returns

;;éi;;; : type of arguments
return a + b

File: <ipython-input-9-6a548a216e27>
Type: function

REH A&, 2B UnixeEWindows it AT —FEHE R IPython i dir 44 25 [A] . 747 SERCAT LS &
CADLECF A )40 5. Biltn,  3RATTAT BAERAS A 2 & load (1 THZENUumPy i 4 23] -
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In [13]: np.*load*?
np._ loader__
np.load

np.loads

np.loadtxt
np.pkgload

%runiy 2
YRAT AR %run fiv 21847 1A HIPythonfE 7o RH — AN ipython_script_test.py :

def f(x, y, z):

return (x +y) / z

1}
N oo

result = f(a, b, c)

CIYS:RSEvany
In [14]: %run ipython_script_test.py
XEBAABITAE S K 42510 (G import NS e AR B, Pl 4 SRRl (i 47 5

A python script.py AH[E. CAFFATA E XA E (import. BB & RAE, BRIEME S
W), #BA LAZEIPython shell i J5 i 4] -

In [15]: ¢
Out [15]: 7.5

In [16]: result
Out[16]: 1.4666666666666666

R —ANPython A TE E g 1758 (fE sys.argv TR , ATLVECHRAEZ G4, SARLE
AT FIBiT—FE.

Al WRAELE—ANEA YT R IPython B4 5 S AR &, W LMER %run -1 o

7 Jupyter notebook ', RtBAT LA %load » BHFHIA S NE]—MRADHE

>>> %load ipython_script_test.py

def f(x, y, z):
return (x +y) / z

21



1]
N oooun

result = f(a, b, c)

s AT AR
RAGIZ AT CHrl-C, L2 Yorunsi K [HIZ 17 A4, #2 FE KeyboardInterrupt o X2 FEUL
i Python e /77 2 B 1k, BRAE—SShFRR I L .

Wt HPythonfCRB A T — 8wty R, #%Ctrl-CA— &M HAT BRI 1k
TEXFMFI T, IROAZNEERE, BRI H)R [0 Pythonfi 4, B TE SEAEAL 15 0 T o & 1k
Pythoni#t#2 .

MBI AR IHAT FE 7

W H Jupyter notebook, 4] DLRACRS & kS I 2T 2 AL AT« 7EIPython shellH 1] LA
MBIMEAR AT o BB AE L e N A B ) T a0 AR .

X =5

y =7

if x > 5:
X += 1
y =38

E%ﬁﬁﬁgﬁgjiiff%ffﬁﬁ %paste i %cpaste R %paste EIELEi%%iéﬁfﬁgmﬁﬂiqﬂE@4ﬁﬁ%:

In [17]: %paste

X =5

y =7

if x > 5:
X += 1
y =28

## -- End pasted text --

%cpaste MIRESRML, Ha4 2K 4Rw:

In [18]: %cpaste

Pasting code; enter '--' alone on the line to stop or use Ctrl-D.
X =5

iy =7

:if x > 5:
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] %cpaste , RATUKSISAE S 2 RIS FHEAT . IRV BEARAEZAT T, JEBEBND. ARG 1
RIS, T U Ctrl-Crir

o i RS

IPython 5 V% f S R HEAT SRR CEIEmacs XA g #5 B UNIX bash Shell) F1%Z H.shell
FIT 4. R2-14E T8 W PbEsE . K2-5J8/R T —#4%, WEshthr.

C-b Cf
«— >
In [27]:Ta_variableT In [27]: a vari  Ck
C-a C-e In [27]: Cu
e 15, BH
Ctrl-p 2 1 F 3k EELERN S o o
ctrl-N 25 4 FF 3k EEVIEPNE S o == ol
Ctrl-R Readline A AR R M E (o ILE)
Ctrl-Shift-v A BT MR 4k I A
Ctrl-C o B 35 1T A4S
Ctrl-A BTN R — TR &
Ctrl-E BTN —ITRFRE
Ctrl-K B AT AT BRI SOA
Ctrl-U IBR = B AT B BB SOA
Ctrl-F AR SRR — A
Ctrl-B A B FE RN — 1 FAF
Ctrl-L BFTRE

Jupyter notebooksf 74— PE KK RGERE . A B PR LLIPython A (bt SRS ]
Jupyter notebook {5 B S #Y .

BEAR A2
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IPython Rk 1 & (Python Ay ) RR/E“BEAR M5 & o IXEar < Al AE B AE 55 S [ 5E,
Ao EHIPython R4t . BEAR T & 2AERG ARG 735 %4 1, ATLAH %timeit (XA
L JEH & VER) MEAEfTPythontff), BN %, HIPAT N A

In [20]: a = np.random.randn( , )

In [20]: %timeit np.dot(a, a)
loops, best of 3: us per loop

FEA 5 T LA A fIPython Iz AT I e 24T . P2 ARG 2 dr AT LI, W LUEIE? &5

In [21]: %debug?

Docstring:

%debug [--breakpoint FILE:LINE] [statement [statement ...]]
Activate the interactive debugger.

This magic command support two ways of activating debugger.

One is to activate debugger before executing code. This way, you
can set a break point, to step through the code from the point.

You can use this mode by giving statements to execute and optionally

a breakpoint.

The other one is to activate debugger in post-mortem mode. You can
activate this mode simply running %debug without any argument.

If an exception has just occurred, this lets you inspect its stack
frames interactively. Note that this will always work only on the last
traceback that occurred, so you must call this quickly after an
exception that you wish to inspect has fired, because if another one

occurs, it clobbers the previous one.

If you want IPython to automatically do this on every exception, see
the %pdb magic for more details.

positional arguments:
statement Code to run in debugger. You can omit this in cell
magic mode.

optional arguments:

--breakpoint <FILE:LINE>, -b <FILE:LINE>
Set break point at LINE in FILE.

EREEEANTTUARH TS, RERATEMRRZHE. XS a s BEAR”, LA
A %automagic FT TR .
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— LA BB 5 Python e BUR MR, B RIS R A DUR{E S — M E:

In [22]: %pwd
Out[22]: '/home/wesm/code/pydata-book

In [23]: foo = %pwd

In [24]: foo
Out[24]: '/home/wesm/code/pydata-book"

IPython ) 3CA5 af AfEshell 4TI, BIRWARH] %quickref BX %magic 2] N ARk AT @0 #K2-2
FIH T — e R DASE AR AR A B R ATPython T & (1 1Pythonfis 4

A 1%, BF
%quickref 81 Ipython BIHEREE .
%magic R B SHF .
%debug XM EFEET#H ) BHE.
9%hist FTED - B 5 A (TTLARIES L) .
%pdb TS FE 8h#E G
%paste HATEI ISR BB B4 .
Y%cpaste HEHNIET, FatdIGEFiT{is.
Yreset Mibs A L TR PR EEMEF.
%page OBJECT ENITEHHSE, 7R ET.
%run script.py =TS,
%prun statement A cprofile BT{ES, HIRE TS5
%time statement RERFIEDRHITETE .
%timeit statement ZIBT—FIER . HTETHHATEE. BEHATEEFER .
%who, %who_ls, %whos | B-rar B TRIF T E, &AM EB4ERIAE.
%xdel variable fifE—1-EF 8, HETSHATERSIA.
£ FiMatplotlib

IPythonE 73 H7 v+ S AU BE % AT 1 i DR 2 — R B AR5 L A B A 1 50l T A A0 A L e Y P S T
Et finmatplotlib. N F4HC LT % F ik matplotlib, ASBJEHSVEMAN2H.  %matplotlib JBEA BRI EAC
H 7 IPython shellfllJupyter notebook # ffimatplotlib. X AR EE, HE @A Y
(notebook) = 3kHisessionf#% ], B EIZEH (shelD .

7EIPython shellf, 21T %matplotlib AJLEHATE, AIULEIEZAZKEE D, mMASTHES G
session:

In [26]: %matplotlib
Using matplotlib backend: Qt4Agg
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fEJUpytert, & H AN (&2-6) -

In [26]: %matplotlib inline

In [14]: =matplotlib inline

In [15]: dimport matplotlib.pyplot as plt
plt.plot(np.random.randn(5@).cumsum())

out[15]: [<matplotlib.lines.Line2D at @x7f828f049710>]

16

14 [

12

10

=] Mo o =]

e e e

2.3 PythoniZ £ 34

FEAT R, FR B A Python S ANE S HLH]. £ 5, FATEI/4iPython X 45
. B ENET A,

I X

Python )15 & Wit s B2 AT B e . RIS AE M. A7 L8 AFRPython iy m] $1AT P ARAS” .

fEHgait, AR

Pythonf#i 25 (17 5F (tabfs%) SRAZURED, mMARGHLEES, WWR. C++. JAVAFIPerl
AR TES . B NHFEED for T

for x in array:
if x < pivot:
less.append(x)
else:

greater.append(x)

B S EERAENREREIT G, B 52 a4t & n i@, BRI R, A8
B EXGXMIER, 2 A2 Pythonffr T R I —# 5y, EREXK, ﬁTutwmm%ﬁ@
AR THEES . BARNPIEERIRT R, 2 —BUrE, /RetAeEm 1.
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i FERZVEUCIRAEH U AE N BRI 4t AT DU Ftab OB DU h% o V12 S0 S
BEAS I v B R A AR . R Nl i tabs BN R 25 H AU S M AL, LA 2 18 F Y
MR RZHEIFUT, WAAERGERZHNRARITT L, R BR IR

T

RELZELE 2], PythonfiERIANHEM S48 HZ, 705 E0m LIRS FfE 1T 15U

N
df %

a=5 b=6;c=7
Python A Z UK 22 S B A)TE] 4T, XA AT St

SN E XS R

Pythoni& & i — /> B B E 2 B 1 AR — 8tk . B0y 755 BuRssl. B3
K. PRHEEL, HOREPythonf B2 B A “ &N, B NZPythonsf R . 4% R A KM
ltm, FFFERERE0D NS EEE. Eehrd, XA LLEE S IER R0, BN ECH AT LA 4 fik
X EAEH

TR

AT HI T S #I SR 2 Python i e &3 2% . IXE W IR IR . A, IR B HERR
— B, (EFEANIBR . R 05 VR R R

results = []

for line in file_handle:
# keep the empty lines for now
# if len(line) == 0:
# continue

results.append(line.replace( 'foo', 'bar'))

WA AR AT I A AR S5 T A IR . — S8 N ST RAE RS Z TS INVERE, AT B XM OB A A
JRELiOF

print("Reached this line") # Simple status report

BR BRI 5 v
PRe] A 46 S A iR, AR EA SIS, s iR EMES — MR

result = f(x, y, z)
g()
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JUFPythonth A SAAT IO B EL, FRAE Tk, o7 CA KT S 2. AT LU F T
A

obj.some_method(x, y, z)

BRI AT DA Ao R S 1) 2

result = f(a, b, ¢, d=5, e="foo")
JE A HZAH,

RN S H L i

HfEPython QAL E (B4 7)) » RESE S AL 7 — MM EER I . HE— 5
iy

In [8]: a = [1, 2, 3]
B alit sy — M Hs b

In [9]: b = a

AT, RANMRESKEIEN, 2, 3]thE . #EPythondr, afibsifr bR x5, HIR
KN, 2, 3] (WE2-7) o fRATLMfEathisin—N o, ARt Eb:

In [10]: a.append(4)

In [11]: b
Out[11]: [1, 2, 3, 4]

H R Python 51 F S S, Bl 2T fnfl. A EHIR, e EERN. THZSRH
Python &b # K [ £ 4 220 .
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il REWEHRES T, BARE - NLFHes— % BEbH N REgFR N E
45ﬂ?o

RRES G A NS B i s U, BT RIS R A TN IR RS, AR E S R
BRACEGE — M BB, RIS R R IR LSRR T AR S N A
BB LT B

def append_element(some_list, element):

some_list.append(element)

RIGH
In [27]: data = [1, 2, 3]
In [28]: append_element(data, 4)

In [29]: data
out[29]: [1, 2, 3, 4]

251, sERM

52 9mEES (WIJAVARIC+H) XFLE, Python i it Gl HAVEL & @ RIRAY . QRS 2
A T -

In [12]: a =5

In [13]: type(a)
Out[13]: int

In [14]: a = 'foo’

In [15]: type(a)
Out[15]: str

AR AER IR i 44 M IR R 7, RRE B IRAEN R A S . — AT REL 1 Python A~
RERMWET". RRAIEHE, B N EesT:

TypeError Traceback (most recent call last)
<ipython-input-16-f9dbf5f0b234> in <module>()
---->1'5' +5

TypeError: must be str, not int
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fERLEEF, flinVisual Basic, 74785 A RERERVFFEH (BREU) 8%, BRIt 4210,
HEL BT+, flinJavaScript, BHSSWBN ML TATH, S5 RBIRE FA4TH'55s EXANTT
Ifi, Python#fgil s s R MALIE 5, BMRE RN REA IIIRE (850 , BRIFFRMA 2K
AERFERIEOLT, Filhn:

1
N

In [17]: a .5

In [18]: b

1]
N

# String formatting, to be visited later
In [19]: print('a is {@}, b is {1}'.format(type(a), type(b)))
a is <class 'float'>, b is <class 'int'>

In [20]: a / b
out[20]: 2.25

FIEN R RARE L, HlfReik BT AL Z MR SN . ARAT LA isinstance PREUKIA
Xf G HEAN A [ S
In [21]: a =5

In [22]: isinstance(a, int)
Out[22]: True

iﬂmﬁmeﬂu%%ﬂﬁﬁ,@ﬁﬁ%m%ﬂ%ﬁﬁﬁﬁ¢:
In [23]: a =5; b = 4.5

In [24]: isinstance(a, (int, float))
Out[24]: True

In [25]: isinstance(b, (int, float))
Out[25]: True

Jog P AN T vk

Python 1%} G & #A JEtE (FLEF M EXT 2N B IIPythonXf %) FlJ7id: G G B i ek 25T A
Vi m X RN EBESE) o LA obj.attribute_name 7 [ J& P4 Fl 75 v

In [1]: a = 'foo"

In [2]: a.<Press Tab>

a.capitalize a.format a.isupper a.rindex a.strip
a.center a.index a.join a.rjust a.swapcase
a.count a.isalnum a.ljust a.rpartition a.title
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a.decode a.isalpha a.lower a.rsplit a.translate
a.encode a.isdigit a.lstrip a.rstrip a.upper
a.endswith a.islower a.partition a.split a.zfill
a.expandtabs a.isspace a.replace a.splitlines

a.find a.istitle a.rfind a.startswith

WA LI getattr pRE, I A 77 1) J R AT i

In [27]: getattr(a, 'split')
Out[27]: <function str.split>

FEHEEST, WX REZFEERE RS KABASKREMM getattr BREURIMRK
(¥] hasattr A1 setattr pRAL, {31 F]IXEE R B0n] DL S R A0 TR A A A AR

(Rt

SR, ARTTREAROXTRIRA, RGO U A S B g . I8 W o g 12K
A, ORESERRBGIG T MGEREN T, BAEHEAN T Uk, fln, 7n] USSR
GREREIESAMI, FWrERE AN, TR, XEREER 1 _iter_ BARTS
%, HeEL AW R iter R

def isiterable(obj):
try:
iter(obj)
return True
except TypeError: # not iterable

return False

AR HC IR 8 77T 55 DL K 2 B PythonBE 5K True -

In [29]: isiterable('a string')
Out[29]: True

In [30]: isiterable([1, 2, 3])
Out[30]: True

In [31]: isiterable(5)
Out[31]: False

BRI TR S 7] LA 2 Z M NS R B LB R a5 — S s BT DA AT
B PH (ist. tuple. ndarray) 2k, IRATERIEE S 2T RFIFR (BHENUMPYE
M), WRARME, HIHEARYIE:

if not isinstance(x, list) and isiterable(x):
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x = list(x)

I
{EPythontl1, BUJEREE A .py 4. B EPythonfRIBHISCHE. B BLF B

# some_module.py
PI = 3.14159

def f(x):

return x + 2

def g(a, b):

return a + b

WA H 5 T 5 — A S ) some_module.py HHE AR ERIRR AL, FILL:
import some_module

result = some_module.f(5)

pi = some_module.PI

e

from some_module import f, g, PI
result = g(5, PI)

] as KR, PRATLAST SINEA R AR A

import some_module as sm
from some_module import PI as pi, g as gf

rl
r2

sm.f(pi)
gf(6, pi)

v e K I = e R
K2 SO SR LB R A A

In [32]: 5 -7
Out[32]: -2

In [33]: 12 + 21.5
Out[33]: 33.5
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In [34]: 5 <=2
Out[34]: False

R2-35H T A I —ouis HAT
LRI A G R BRI FE — 05, ATBMER] is J5¥%k.  is not T RLFIMTRIS SO AN E

In [35]: a

[1, 2, 3]

In [36]: b = a

In [37]: c = list(a)

In [38]: ais b
Out[38]: True

In [39]: a is not c
Out[39]: True

A 1ist SR — N HiPythonsl®k (BIEHD , FATTLARCcRAF Fal. [/ is i
5 = BHEHFAHE, W

is Ml is not 5 FHRHAM— N LB ERZL TN None , FINRFE 4 None FHSEZHI:
In [41]: a = None

In [42]: a is None
Out[42]: True
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ey WA

a + kb afinb

a —h aiib

a* b aFEllb

a/b afEllb

a//b a LA b, ZR REEER T

a ** b af1b KT

akb a 8¢ b &4 True, MIA True: XTT &, HUEL AND

a b a b FB—H True. N~ True; HTFEE, BRI OR

a b X FAR/R.a 3 b H —A A True, WA True, —F#F A True, N False:
X TE%. BUZLI EXCLUSIVE-OR

a == a T b, NATrue

al=ho a A~ZF b, MA True

adb, a<=b a/h T (BUhTST) by A True

a>b, a>hb a AT (BRT5T) b, WA True

a is b a b 5| H[E—>Python XJ%. MIA True

a is not b a b 5| BA R Python X1 2. MIA True

AT AR 5 AR AT A B

Pythond ({ K ZH0f &, thangsk. F8. NumPy#4l, FIH e CRIRAL (38 , #EnT&

(1. BMRAT X LR Rt (e ] A L

In [43]: a_list = ['foo', 2, [4, 5]]

In [44]: a_list[2] = (3, 4)

In [45]: a_list
Out[45]: ['foo', 2, (3, 4)]

Hen, plnyrrdmod, AR AR

In [46]: a_tuple = (3, 5, (4, 5))

TypeError Traceback (most recent call last)
<ipython-input-47-b7966a9ae0f1> in <module>()

----> 1 a_tuple[1] = 'four’

TypeError: 'tuple' object does not support item assignment
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WWfE, ATEMES N RIEA B E R e . ZRPONEIER . B, H5 A, AREIE
IR EAE S BB h S . R ATRERITE, IRHERR @ R RIE A, RAIA AR, R E 2
AR R

ANt

Pythonf{I b i FEsb A — Ly B, LT AL A MO . R /KA, O R . it
BRI OBRRKT, APRRRIOhR R . F2-450H T T bR . IR A 2 53 4
WHE, NS ITRFREREN datetine BIHLRAEN .

Egisl 1 8H
None Python BJZE{H (R FFE— None X FAILH)
str FRIEZER, FFH Unicode (UTF-8 4RiE) FHFE
bytes A ASCII =77 (& Unicode S AFTT)
float TFEE (64 A0) FRE GEEIRH double 3521)
bool True ¢ False &
int REREEL

HERH

Pythonf) = EHUERAE int Ml float - int B DAfEABIEEKAIEL:
In [48]: ival =

In [49]: ival **
Out[49]:

T R I Pythonf float AL, REANECESRXURERE (64670 MIME. WA LAHERME T EERR:
In [50]: fval =

In [51]: fval2 =

AR BB AN BRIE 215 20 A AL

In [52]: /
Out[52]:

TRIFC- RIS I RERR (g N oy) AT U AT BRE 545/

In [53]: //
Out[53]:
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T H
VF 2 A S APy thonii KT 72 76 15774 R A BTG {d P Python i, #T LU 331 B Et03] 5ok 5
Gy

‘one way of writing a string'

"another way"

R FABATH TS, TR =55, "7

c = muw
This is a longer string that

spans multiple lines

TATH ¢ SERREEPUATICR, "R EAMlines 5 I I HATRF . ATLAH count J5VATHEL o R
17

In [55]: c.count('\n")
out[55]: 3

Pythoniy =5 {6 R TR, A A
In [56]: a = 'this is a string'
In [57]: a[1e] = 'f'

TypeError Traceback (most recent call last)
<ipython-input-57-5ca625d1e504> in <module>()

----> 1 a10] = 'f'

TypeError: 'str' object does not support item assignment

In [58]: b = a.replace('string', 'longer string')

In [59]: b
Out[59]: 'this is a longer string'’

L ERRIE, R o FFRAEN:

In [60]: a
Out[60]: 'this is a string’

YFZPython Xt SAEFH str BT DL L A0 277 5
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In [61]: a

5.6

In [62]: s

str(a)

In [63]: print(s)
5.6

TR — TS Unicode 7 4F, BImT DUMEIE P4, R AIGH CF—FE 4N 4Hm
%?) ‘Aﬁﬁﬁtﬁﬂ:

In [64]: s = 'python’

In [65]: list(s)
out[65]: ['p', 'y', 't', 'h', ‘o', 'n']

In [66]: s[:3]
Out[66]: 'pyt'

WA s[:3] #ARMED ., EH T2 Pythonfrdl. el EHEAINA, AHHHREIRZ YR

ORI R U7 AT, BB ERRRE R IR 7T, LT AR\nsUnicode 7. 25— M
PORFLIFRF e, ZEEATHE e

In [67]: s = "12\\34'

In [68]: print(s)
12\34

R RE R RS VR 2 ORAL, (BB RER AT, XFEEOIRRO. SE4F, W AR 745 & i Tin —
A RYTFAEAREE H S

In [69]: s = r'this\has\no\special\characters'

In [70]: s
Out[70]: '"this\\has\\no\\special\\characters'

rR7Nraw.

BTG, 2P e IR

In [71]: a = 'this is the first half '
In [72]: b = '"and this is the second half'
In [73]: a+ b
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Out[73]: 'this is the first half and this is the second half'
FRE R PR AU L, RS — A EE . Python 34RJE T M 7%, X B RAH—%,
TRFHRXRA format J5ik, ATUABHHME AWM SOV TS, A7

In [74]: template = '{@:.2f} {1:s} are worth US${2:d}’

XA TR,

o {0:.2f} RIS EOH A L NI R
o {1:s} MR —ASHONTATE
o {2:d} B =ASHON— D EEHL

L HSHOVR LR IS H, BAMEE format Jrik— M5

In [75]: template.format(4.5560, 'Argentine Pesos', 1)
Out[75]: '4.56 Argentine Pesos are worth US$1'

TR —MBIR M, {2 ER KR RGETL, ] DR B P rRE & g =4k
1. HEFEZ R PythonE /5 3CHY .

X PR AR AL, S8 A T S EI AN

Z45 fUnicode

fEPython 32 LA ERAH, Unicodesg — 1747 8 K48, X n] L —E ¥ 4L #EASCIIFINon-
ASCIIC A, fEZMPythonfit A, FAFE#Z T4, AMEHUnicodedhid. WA 74 %hd,
Al LUK H A4k N Unicode. &Ml 1

In [76]: val = "espafiol"

In [77]: val
Out[77]: 'espafol’

A[LLA encode K4iXA~Unicode 7 4wt AUTF-8:
In [78]: val_utf8 = val.encode( 'utf-8")

In [79]: val_utf8
Out[79]: b'espa\xc3\xblol"

In [80]: type(val_utf8)
out[80]: bytes
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WERARFENE — A% R Unicode4ifil, H decode J5ikn] LAffAS:

In [81]: val utf8.decode( 'utf-8")
Out[81]: 'espafol’

HARUTF-8% % DA s i, (BRI S (BRI, AR5 PR W] el 21 HL e G Y 10 K -

In [82]: val.encode('latinl')
Out[82]: b'espa\xflol'

In [83]: val.encode('utf-16")
Out[83]: b'\xff\xfee\x00s\x00p\x00a\x00\xf1\x000\x001\x00"

In [84]: val.encode('utf-16le")
Out[84]: b'e\x00s\x00p\x00a\x00\xT1l\x000\x001\x00"

TAERREBI SO R Z B2 0 5, B B R0 A 2 2 Sy Unicode & AN iT HL .
BOHMAZ, IRA] DLES5 SCARRIAT o E—4b:
In [85]: bytes_val = b'this is bytes'

In [86]: bytes_val
Out[86]: b'this is bytes'

In [87]: decoded = bytes_val.decode( 'utf8")

In [88]: decoded # this is str (Unicode) now
Out[88]: 'this is bytes’

AR 1E

PythonH (A ZREA S, TrueflFalse. WAL E 2R IAZ T LLH TruefiFalse W, A /K
v LA 5andflorsh & 1# H :

In [89]: True and True
Out[89]: True

In [99]: False or True
Out[90]: True

FAY i 4
str. bool. intfifloatt /& p&%l, W] LA R,
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In [91]: s = '3.14159'
In [92]: fval = float(s)

In [93]: type(fval)
Out[93]: float

In [94]: int(fval)
out[94]: 3

In [95]: bool(fval)
Out[95]: True

In [96]: bool(9)
Out[96]: False

None

NonesZPythonfJ 7 ME AL . U iR — AR BAcH BT IR [, wi2sERIZ [AINone:
In [97]: a = None

In [98]: a is None
Oout[98]: True

In [99]: b =5

In [160]: b is not None
Out[100]: True

None th 3 H /U B U BRIA S 4L

def add_and_maybe_multiply(a, b, c=None):
result = a + b

if ¢ is not None:
result = result * c

return result

A4, None MUE — MR T, E2&ME—KINoneTypelt) L

In [101]: type(None)
Out[191]: NoneType
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H SUTR S 1]

Python Wi [ datetime FEIHRFEML T datetime . date Al time ZEZAY.
T date 1 time , AN

In [102]: from datetime import datetime, date, time
In [103]: dt = datetime(2011, 10, 29, 20, 30, 21)

In [104]: dt.day
out[104]: 29

In [105]: dt.minute
out[105]: 30

M4 datetime S, FRPTLLH date A1 time #REUH! & H X%

In [106]: dt.date()
Out[106]: datetime.date(2011, 10, 29)

In [107]: dt.time()
Out[107]: datetime.time(20, 30, 21)

strftime J7V5T] LL¥datetimetg AL 7 FF 5

In [108]: dt.strftime('%m/%d/%Y %H:%M")
Out[108]: '10/29/2011 20:30"'

strptime AJ DL FZFRFHR ALY, datetime XF 4.

In [109]: datetime.strptime('20091031", '%Y%m%d")
Out[109]: datetime.datetime(2009, 10, 31, 0, 0)

R2-55H T A Ak AL dr &
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Ec il 1. BF

%Y PO s 34 B

%y P F R E

%m FuEiFa Blo1,12]

%d P EIF [0, 31]

%H JSEF (24 2BYH)D [00, 23]

%I JNEE (12 EEHD (01, 12]

%M i #1F F197[00, 59]

%5 #5100, 61] (60 61 FTmEF)

%ow 2EEIE o (AR) 6

%U HILA00,53); BASE—AMHSE, E— B HEMAEEEN “week0”
nW FEILA00,53]; B—5{E—ABFH, B— 1A RBEEED “week0”
%z UTC BT E RFZE A +HHMM T -HHMM; 50 ER E N AT

%F FT%Y-%m-%d (P 2012-4-18)

%D FT%m/%d/%y (BP 04/18/12)

K AT 4400, B Hidatetimesiitime 7 B I 2 R4 . Bltn, FIOB A
-

In [ ]: dt.replace(minute=0, second=0)
out[ ]: datetime.datetime( , , , >, 9)

[AIN datetime.datetime ;EANHJARKAY, LM IES=AF X .
Hi~datetimeXf R 2= 277 4E — datetime.timedelta 27,

In [ ]1: dt2 = datetime( , 5 5 5 )

In [ ]: delta = dt2 - dt

In [ ]1: delta
out[ ]: datetime.timedelta(17, )

In [ 1: type(delta)
Out[ ]: datetime.timedelta

259 timedelta(17, 7179) T8H] 7 timedelta 17K, 71790 4mA% 77 .
¥ timedelta WINZE| datetime , 2774 —/NHHIRE datetime :

In [ ]: dt
Out[115]: datetime.datetime( » 10, 29, 20, 30, 21)

In [ ]1: dt + delta
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Out[116]: datetime.datetime(2011, 11, 15, 22, 30)

FEHR

Pythonfy %5 1 N 22 [5G BE TREAT - AFIZ 88 . TR AL EF il s of .

if. elifflelse
if2 ) N NEEERIRER . ERE A%, W NTrue, BT S I EA]:

if x < 0:
print('It's negative')

if JEHAT PR — A EA elif , A &MFEZFalsel, En] LARII—A else :

if x < 0:
print('It's negative')
elif x ==
print('Equal to zero')
elif @ < x < 5:
print('Positive but smaller than 5')
else:
print('Positive and larger than or equal to 5')

RIS N True, JEIHIF elif AUASHAINAT. i HandMorlf, H&%HEAZMNERH
AT

In [117]: a 5; b =7

1
IN

In [118]: ¢ = 8; d

In [119]: if a < b or c > d:
..... : print('Made it')
Made it

FEREANITH, ¢ > d ASPHAT, FENE ARG True:

W] A E A AR — i

In [120]: 4 > 3 > 2 > 1
Out[120]: True

forfi ¥t
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forfE3p 2 fE— MG (BRI PTG EE —MEAE. forf@dh MbrEifike:

for value in collection:

# do something with value

YR LLH continueffiforfE A2 1T, Bt NS B N HEEAMF, N FIER A B EEEAE N,
HkiZNone:

sequence = [1, 2, None, 4, None, 5]
total = 0
for value in sequence:
if value is None:
continue

total += value

LU break Bt iiforffidt. i AR S cE AN, HEEDS:

sequence = [1, 2, @, 4, 6, 5, 2, 1]
total _until 5 =0
for value in sequence:
if value == 5:
break

total_until_5 += value

break X FWiforfE A& N )2, HEWforfi i 2ia1T:

In [121]: for i in range(4):
..... 3 for j in range(4):
000008 if j > i:
000008 break
..... : print((i, j))

(0, 0)

(1, @)

(1, 1)

(2, 0)

(2, 1)

(2, 2)

(3, 0)

(3, 1)

(3, 2)

(3, 3)

IARE GBS REEPHIT RS GedaiFIZR) , w LA forfd 3Rt H 5 Hudfy 7 s & -
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for a, b, c in iterator:

# do something

While i
whilefEI 5 € T 2 AUCHS, 244614 NFalsedi i breakiB Hi7E3F, (UG A 4B -

X = 256
total = 0
while x > 0:
if total > 500:
break
total += x
X =x// 2

pass

pass;&:Python [ AEERETEA) . ARBGERAN T BATLMS1ER AT LUE T (PR AR PATAD 1 &5 47
5 5 APython s B4d F 25 A 755 R e AR g E, B A7 Eipass:

if x < o:
print('negative!")

elif x ==
# TODO: put something smart here
pass

elsel:

print('positive!")

range

range R R Bl — NS G, B AN AT EEUT

In [122]: range(10)
Out[122]: range(9, 10)

In [123]: list(range(10))
Out[123]: [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]

rangel ) = S5 GEA, &5, Db .

In [124]: list(range(@, 20, 2))
out[124]: [e, 2, 4, 6, 8, 10, 12, 14, 16, 18]
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In [125]: list(range(5, 0, -1))
Out[125]: [5, 4, 3, 2, 1]

A CLE R, ranger” BB BIEA S . rangelf) i WL AR A TS EAAF 5
seq = [1, 2, 3, 4]

for i in range(len(seq)):

val = seq[i]

A LA listR AT fiffrange 75 Ho A 50408 45 44 Hh A= ) i A7 86 2, BRI AR Il 3 J2 AR AE 1)
TN TH A RAS S 0 199999 Hh 35k 511 5 KR A«
sum = 0
for i in range(100000):
# % is the modulo operator

ifi%3==00ri%h5 ==

sum += i

B Skrange ] AP AT R R IEL,  BAEREI ZIHEF (0 A7 AR /I
=L IR
Python () = e % i& 2T DL if-else i A i 3 —47 B . 1BV T .

value = true-expr if condition else false-expr

true-expr B false-expr AJPLZ(LAPythonfCid. &A1 T 1H FIACAS R AR -

if condition:
value = true-expr
else:

value = false-expr

e A AR T
In [126]: x =5

In [127]: 'Non-negative' if x >= 0 else 'Negative'
Out[127]: 'Non-negative'’

Mif-else—Ff, WA —ANFIAXSHHAT. Fik, =Rkt mifflelsen] A& KERHE, (H
RATrue 7 X apiar. Bk, =nRiERHrifflelsen] VA& RKEMTHE, HEATruefs
X EIAT
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EARAE A = RE AR UR AR, (H 2 BRARARY n] 354
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ARFEVHEPythonJ N B IhEE, XLETIREABSHBIRZ . BAY EE, tipandasfINumpy, ff
A FR R BARBEIR T, (B4 Python 1) A B #5431 T B — [E48 I 1) .

FA T2 WPython g R BEHE A5 TT 4R ol 2. FFlgES . RESTHREIEIRE 2.
A E A Pythoniki ¥, fJ5, 2% IPythonf ST &R, LR AR 5 A 4% 52 HL.

3.1 B &S MR P 5|

Pythoniy ik 45 H i Tk . B &A1 fE AU A AOPython i 5L
T

e —MEERE, AEAEFIPythonFoIXT R . G TH iR $I73, ZHAE 5725
fH:

In [1]: tup = 4, 5, 6

In [2]: tup
out[2]: (4, 5, 6)

MHE R RE e O, BB ERBIRFES N, W
In [3]: nested_tup = (4, 5, 6), (7, 8)

In [4]: nested tup
out[4]: ((4, 5, 6), (7, 8))

A1 tuple AJ LR P 9 BGA AR FE BT 4 :

In [5]: tuple([4, 9, 2])
Out[5]: (4, 9, 2)

In [6]: tup = tuple('string’)

In [7]: tup
out[7]: ('s', 't', 'r', 'i', 'n’, 'g")

ALV S Ui R e e R . FIC, C++. JAVASRIE S —HE, 7512 MOFFLEH:

In [8]: tup[@]
Oout[g8]: 's'

TCH AL IR RATRESE T AR R — B A 1 ocdl, JoH i REt AR e 1
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In [9]: tup = tuple(['foo', [1, 2], True])
In [10]: tup[2] = False

TypeError Traceback (most recent call last)
<ipython-input-10-c7308343b841> in <module>()

----> 1 tup[2] = False

TypeError: 'tuple' object does not support item assignment

WRTCH P FEA X GO AR 1), HangER, wr CAZE AL T B L
In [11]: tup[1].append(3)

In [12]: tup
Out[12]: ('foo', [1, 2, 3], True)

" AT 5 38 SR o2 8 G R -

In [13]: (4, None, 'foo') + (6, @) + ('bar',)
Out[13]: (4, None, 'foo', 6, @, 'bar')

TR EEHL, BIIRHE, 2B LA TR R B R

In [14]: ('foo', 'bar') * 4
Out[14]: ('foo', 'bar', 'foo', 'bar', 'foo', 'bar', 'foo', 'bar')

MRARGIFRAWES, A3 E.

7 o

SRR T H IR 25 K BT AR B, Python2s ik 440 455 H 14 I E -
In [15]: tup = (4, 5, 6)

In [16]: a, b, c = tup

In [17]: b
Out[17]: 5

S s H A e B 2 i

In [18]: tup = 4, 5, (6, 7)
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In [19]: a, b, (c, d) = tup

In [20]: d
out[20]: 7

XA TIRE, ART DMRA S B R B4 7, HETE 5 T e XA

S O
3
I I ©
t o
)]

{HA2fEPython,  Fr i m] LUXAEA:

In [21]: a, b =1, 2

In [22]: a
out[22]: 1
In [23]: b
out[23]: 2

In [24]: b, a=a, b

In [25]: a
out[25]: 2

In [26]: b
out[26]: 1
RSP SE AW B Y IIE S5 IR
In [27]: seq = [(1, 2, 3)) (4) 5, 6)) (7: 8, 9)]
In [28]: for a, b, c in seq:
ceelt print('a={0}, b={1}, c={2}'.format(a, b, c))
a=1, b=2, c=3

a=4, b=5, c=6
a=7, b=8, c=9

F— A WA EOR 2 AME . e VR

PythonigT#i i 1 82 £ @& cdlkr ise,  SeVF A TARIF R M LA e R . e TRk
A *rest , XMHIFEREEA th DATBUE R SR A B 24

In [29]: values = 1, 2, 3, 4, 5
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In [30]: a, b, *rest = values

In [31]: a, b
Out[31]: (1, 2)

In [32]: rest
out[32]: [3, 4, 5]

rest HIER>REEEFFEL >, restl ¥ FAEE ., AN EIE, 2 Pythonfe 5 AT
FRASE AL K2k

In [33]: a, b, *_ = values

tuple /7 2

BN TR AR NN BEARRIEE, BRI A R ERE. Kb —MEAHMEZ count (&
AT, AT AGETREAMEAT I

In [34]: a = (1, 2, 2, 2, 3, 4, 2)

In [35]: a.count(2)
Out[35]: 4

LlIES

HIuAXE, FIRKKER AR, WA DS IRAT AT 652 3 80 1ist 3L
In [36]: a_list = [2, 3, 7, None]

In [37]: tup = ('foo', 'bar', 'baz')

In [38]: b_list = list(tup)

In [39]: b_list
Out[39]: ['foo', 'bar', 'baz']

In [40]: b_list[1] = 'peekaboo’

In [41]: b_list
Out[41]: ['foo', 'peekaboo', 'baz']

FIRAMTTL HTE L, FEVF 2 BB ] DASE SUAEH .
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list BRECH FORAE Bd Ak B rh S AR AR R AR EE B 25 -
In [42]: gen = range(10)

In [43]: gen
Out[43]: range(@, 10)

In [44]: list(gen)
Out[44]: [eo, 1, 2, 3, 4, 5, 6, 7, 8, 9]

AN IR B T 21
A LA append fEFIRAKJBIRINTTE
In [45]: b_list.append( dwarf")

In [46]: b_list
Out[46]: ['foo', 'peekaboo', 'baz', 'dwarf']

imwtﬂuﬁﬁﬁmﬁEﬁAﬁ%:

In [47]: b_list.insert(1, 'red")

In [48]: b_list

Out[48]: ['foo', 'red', 'peekaboo', 'baz', 'dwarf']
TN B)T5 AEOFFI R AL 2 (1]

k. 5 append FHLL, insert FERAUTIA RN, NN EELCR N S| L UE N EIL,
DR GE [WIve 7o sl LTI PS5 AT SO DR ) S=X B DN P NG N b S
A collections.deque , —/NWUEFFBIAFI,

insert(1) 1z 57 fpop, EREERIFIRMIHE E AL E IO -

In [49]: b_list.pop(2)
Out[49]: 'peekaboo'

In [50]: b_list
Out[50]: ['foo', 'red', 'baz', 'dwarf']

AL remove LBRFEAME, remove &I —AMEIFER %

In [51]: b_list.append('foo")
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In [52]: b_list
Out[52]: ['foo', 'red', 'baz', 'dwarf', 'foo']

In [53]: b_list.remove('foo")

In [54]: b_list
Out[54]: ['red', 'baz', 'dwarf', 'foo']

ERANEJEIERE, /T append F1 remove , W] LAEPythonf)#13& 2l 58 56 1“2 B AR Bl 4544 -
AT in ATCURS B SR 5 8 B AME

In [55]: 'dwarf' in b_list
Out[55]: True

BE in Al LLEI— not:

In [56]: 'dwarf' not in b_list
Out[56]: False

FEFZR AP B2 A AE R MBS b AN SR Sl 18, RO Python R 2k MEF R HIR M, (HAE
FHAEES T, FEFRFERI ] A ST S B eI GETIRRR)

IR 2H 5 1) 3%
S5 EALAAL, T LN A B B

In [57]: [4, None, 'foo'] + [7, 8, (2, 3)]
Out[57]: [4, None, 'foo', 7, 8, (2, 3)]

WMREZLENT MK, H extend HFiEA[LLEMNZNITR:
In [58]: x = [4, None, 'foo']
In [59]: x.extend([7, &, (2, 3)])

In [60]: X
Out[60]: [4, None, 'foo', 7, 8, (2, 3)]

AR PR AR T R REOC, ROV — AR, JFHEEHN SR, Al extend BT
R, JCHERARFIERS, EONRH. Hik:

everything = []
for chunk in list_of lists:
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everything.extend(chunk)

LRI VE R
everything = []

for chunk in list_of_ lists:

everything = everything + chunk

fEFF

PRATLAR sort BRECK —MPIREHIHEF CAEIERTHIX R -
In [61]: a = [7, 2, 5, 1, 3]
In [62]: a.sort()

In [63]: a
out[63]: [1, 2, 3, 5, 7]

sort A4 —UEIEIT, HHSRIFH. Kbz —& = vkey, AT ANkey A THET . B0, &
AT DA% A BEXS 747 3 3EAT HE «

In [64]: b = ['saw', 'small', 'He', 'foxes', 'six']
In [65]: b.sort(key=1len)

In [66]: b

Out[66]: ['He', 'saw', 'six', 'small', 'foxes']
fiJa, A2 2) sorted BREL, B LA — NG RS EIA .

o AR DA RIS

bisect PHRSZRF &R, M CHIFMIPILRIE N, bisect.bisect RJ LA EIG ANME G VI ARAE
HF HIf7E, bisect.insort & [FIX /M B IHAH:

In [67]: import bisect
In [68]: ¢ = [1, 2, 2, 2, 3, 4, 7]

In [69]: bisect.bisect(c, 2)
out[69]: 4
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In [70]: bisect.bisect(c, 5)
Out[70]: 6

In [71]: bisect.insort(c, 6)

In [72]: ¢
out[72]: [1, 2, 2, 2, 3, 4, 6, 7]

HERE: bisect A EY|R LS CHW 7, #ATRERSSFER REITHE. Fik, *f
KHAF I HFAF bisect A=A 4EiR @éiﬁfi/T\*ITﬁfﬁ

Iz}
VAW VA BUR 2 B P 5ISRR — 3R 73, Ul AT 5 GRAE 7 36 5 P ] start:stop -

In [73]: seq = [7, 2, 3, 7, 5, 6, 0, 1]

In [74]: seq[1:5]
out[74]: [2, 3, 7, 5]

P AT LA B AR -
In [75]: seq[3:4] = [6, 3]

In [76]: seq
out[76]1: [7, 2, 3, 6, 3, 5, 6, 0, 1]

P G R R EAER, AMIEERITR. B, SRPOEHKITCENEUT stop - start .
start B{ stop HALFI AL NE, BIEZ)E, 72 RIERNFIIRIIT LSS R .

In [77]: seq[:5]
out[77]: [7, 2, 3, 6, 3]

In [78]: seq[3:]
out[78]: [6, 3, 5, 6, 8, 1]

TR FRTY R

In [79]: seq[-4:]
out[79]: [5, 6, 0, 1]

In [80]: seq[-6:-2]
out[8e]: [6, 3, 5, 6]
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BT B R AR TP, TR 4 AR BT REMATLAB. 13- 7 IE S 0R 1
Y. (EF, RS AEI G A U] P A2 A LI 4408 L4

0 1 2 3 4 5

H E L L [ O

0 1 2 3 4 5 0 1 2 3 4 5

H{E|L|L|O]|'! H{E|L|L]|O

string[2:4] string[-5:-2]

HEHZAEFEHEEH step , ARG —MR—/ T E:

In [81]: seq[::2]
Out[81]: [7, 3, 3, 6, 1]

— AR -1, B LS SR BT Bk

In [82]: seq[::-1]
OUt[ ]: [ ] ] ] > ] ] o ) ]

Fr A1 R EL

Pythonfy — L5 I i) > 41 e 4o

enumeratei% %1

ER—ADTFHIN, AR REARERER S HT I 75 o T BV E T R T XA
i=
for value in collection:

# do something with value

i+=

KNIX AR DL, Python N T —A enumerate pR%L, W LLIR[E] (i, value) JuZHfF7):

for i, value in enumerate(collection):

# do something with value
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MR GV AR, TR enumerate [— NG FVERVISETA (ME—1))  dict WL 2IALE ME:
In [83]: some_list = ['foo', 'bar', 'baz']
In [84]: mapping = {}

In [85]: for i, v in enumerate(some_list):

el mapping[v] = i

In [86]: mapping
Out[86]: {'bar': 1, 'baz': 2, 'foo': 0}

sorted & %
sorted B M LY AT B3 911 76 223 1] — N 37 HOHELT P 91 26

In [87]: sorted([7, 1, 2, 6, 0, 3, 2])
out[87]: [0, 1, 2, 2, 3, 6, 7]

In [88]: sorted('horse race')

out[s88]: [" ', 'a', 'c', 'e', 'e', 'h', 'o', 'r', 'r', 's']
sorted PRELA] LAFESZAN sort FH[FAIHIZSHL.
zip R

zip TTLLZ AR JUAH BB 75 o 4G s— AN ud g1 3%

In [89]: seql = ['foo', 'bar', 'baz']

In [90]: seq2 = ['one', 'two', 'three']

In [91]: zipped = zip(seql, seq2)

In [92]: list(zipped)
Out[92]: [('foo', 'one'), ('bar', 'two'), ('baz', 'three')]

zip FLMEEUER Z P, JTCRMMEBIR T R 751
In [93]: seq3 = [False, True]
In [94]: list(zip(seql, seq2, seq3))

Out[94]: [('foo', 'one', False), ('bar', 'two', True)]
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zip W% WHTEZ —RFEIRERZATH], FTRELE S enumerate fHHH:

In [95]: for i, (a, b) in enumerate(zip(seql, seq2)):
ceet print('{0}: {1}, {2}'.format(i, a, b))

0: foo, one
1: bar, two

2: baz, three

G — N PIRGER A, zip WTUAREHIRBIS P A1 AT DA REAT I PR BN 5 1 3R
RATHERERA ST

In [96]: pitchers = [('Nolan', 'Ryan'), ('Roger', 'Clemens'),
el ('Schilling', 'Curt')]

In [97]: first_names, last_names = zip(*pitchers)

In [98]: first_names
Out[98]: ('Nolan', 'Roger', 'Schilling')

In [99]: last_names
Out[99]: ('Ryan', 'Clemens', 'Curt')

reversed g £

reversed HJ A5 A ATIEAR—NF 51

In [100]: list(reversed(range(10)))
out[1ee]: [9, 8, 7, 6, 5, 4, 3, 2, 1, @]

FHE reversed fe—MEMAY USHEANAD) , WA (RIZEESforfg3t) 54 Refl i
.

T

T YA R Pythoni N E E B L . & NH WA 7R W A WL BOCIE A . e B
RN AR, BEAEHZPythonXt R . BRI Rz ——REMRIES, HE S0 iREN
1A

In [101]: empty dict = {}
In [102]: d1 = {'a' : 'some value', 'b"' : [1, 2, 3, 4]}

In [103]: d1
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Out[103]:

{'a': 'some value',

'b': [1, 2, 3, 4]}

PRATEME T R PR BT s R —#E, Uil Sl 7 PR TR

In [104]: d1[7] = 'an integer'

In [105]:
Out[105]:

In [106]:
Out[106]:

PRAT AR B 3R A e 2 A S ME T, R

In [107]:
Out[107]:

di

{'a': 'some value',

di['b']
[1, 2, 3, 4]

'b' in di1
True

'b': [1, 2, 3, 4],

7

+F

it

LU del SKEEFEL pop J5i% GRIAME R R I ERTE) W ER{E -

In [108]: d1[5] = 'some value'

In [109]:
Out[109]:

di

{'a': 'some value',

'b': [1,

2, 3, 4],

7: 'an integer’,

5: 'some value'}

In [110]: d1['dummy'] = ‘'another value'

In [111]:
Out[111]:

dl

{'a': 'some value',

'b': [1,

2, 3, 4],

7: 'an integer’,

5: 'some value',

"dummy ' :

In [112]:

In [113]:
Out[113]:

"another value'}

del d1[5]

di

{'a': 'some value',

'b': [1,

2, 3, 4],

7: 'an integer’,

"dummy ' :

"another value'}
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In [114]: ret = dl.pop( ' dummy")

In [115]: ret
Out[115]: 'another value'

In [116]: d1
Out[11i6]: {'a': 'some value', 'b': [1, 2, 3, 4], 7: 'an integer'}

keys Fll values &5 LI SEANME AR Tk BARBE XA NNFE, X WANJ7k AT LU AR R )
Py i L A

In [117]: list(dl.keys())
Out[117]: ['a', 'b', 7]

In [118]: list(dl.values())
Out[118]: ['some value', [1, 2, 3, 4], 'an integer']

ﬁuMﬂeﬁ&ﬂU%—ﬁiﬁE%—ﬁﬂﬁ:
In [119]: dl.update({'b" : 'foo', 'c' : 12})

In [120]: d1
Out[120]: {'a': 'some value', 'b': 'foo', 7: 'an integer', 'c': 12}

update JVARJFEIAE 7L, IMARMEIESY update IIBEMIIHIMEA S HEF .
HIFe 51 615 5 gt
WO ARATREARRE A PR A A T . R A S Tk

mapping = {}
for key, value in zip(key_list, value_list):
mapping[key] = value

Ky AR i B2 0 e AR, dictn] LL% 220 e ) 81 3
In [121]: mapping = dict(zip(range(5), reversed(range(5))))

In [122]: mapping
Out[122]: {@: 4, 1: 3, 2: 2, 3: 1, 4: @}

JEZRE] dict comprehensions , 5 — ) 2 7 R T =
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NN
N ARAR .
if key in some_dict:

value = some_dict[key]

else:
value = default_value

Rk, dictf 77 i%getfpop i] LAEUER B EAT IR B, TH fif-else i ) nl LA 5 % T 1 -

value = some_dict.get(key, default_value)

getBih =iz [FINone, HWIRAAELER, popIi— Mook, KRTBUEME, AL T I
e THERS, Wk, Flan, Re] LUEEE 58, KD FIR T i )28

In [123]: words = ['apple', 'bat', 'bar', "atom', 'book']
In [124]: by_letter = {}
In [125]: for word in words:

..... : letter = word[9]

if letter not in by_letter:
by letter[letter] = [word]

000008 else:
by letter[letter].append(word)

......

In [126]: by_letter
Out[126]: {'a': ['apple', ‘'atom'], 'b': ['bat', 'bar', 'book"']}

setdefault J7iEFLIER T X/ M. BITH FIforfE3 A ] LLEL S N -

for word in words:
letter = word[9]
by letter.setdefault(letter, []).append(word)

collections HHAH —MEHFHHIZE, defaultdict , ‘BRI LLF—5 M40 F1H. A&7 8R4
PLA RN B ER A -

from collections import defaultdict
by_letter = defaultdict(list)
for word in words:

by letter[word[©]].append(word)

61



e ik St

TULE AT LR AR B Python Xt R, S H & A AT AR bR SR CBEL R, TSR BT
A GTHF I RLARATAZND) o EPHON AR L. FTELH hash BRI — X R 2 T
FERATMEAY I (AT 7 I8 -

In [127]: hash('string")
Out[127]: 5023931463650008331

In [128]: hash((1, 2, (2, 3)))
Out[128]: 1097636502276347782

In [129]: hash((1, 2, [2, 3])) # fails because lists are mutable

TypeError Traceback (most recent call last)
<ipython-input-129-800cdl4ba8be> in <module>()

----> 1 hash((1, 2, [2, 3])) # fails because lists are mutable

TypeError: unhashable type: 'list'’

BHyIR A, — MRS R e, RENE TR AT DS Ay, B Rae] A A
In [130]: d = {}
In [131]: d[tuple([1, 2, 3])] =5

In [132]: d
out[132]: {(1, 2, 3): 5}

£5

FRTFIATTEZRICRIES . R e A i, E RAREAE. 7P TR
QA Wi setpr B FIR 1 5 setifi Al

In [133]: set([2, 2, 2, 1, 3, 3])
out[133]: {1, 2, 3}

In [134]: {2, 2, 2, 1, 3, 3}
out[134]: {1, 2, 3}

AR R BN ESRAEGEH. BRWANRIIES:

In [135]: a

{1, 2, 3, 4, 5}

In [136]: b

{3, 4, 5, 6, 7, 8}
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BB DMEETAREERITR. ATUH union J5i%, BFE | BHAT:

In [ 1: a.union(b)
Out[ 1: {1, 2, 3, 4, 5, 6, 7, 8}

In [128]: a | b
Out[ 1: {1, 2, 3, 4, 5, 6, 7, 8}

TEPTTROETENNESAT . ATLLH intersection B & IZHfF:

In [ ]: a.intersection(b)

Out[139]: {3, 4, 5}

In [ l: a&b
Out[140]: {3, 4, 5}

K315 T H LS TTE.

Bl EHGEE | WA

a.add(x) N/A BILE FNEES o

a.clear() N/A BEFRT

a.remove(x) N/A BME MRS affE

a.pop() N/A MES a ERIETE, WEEeAT. N
. KeyError f51%

a.union(b) alb HaflbHHIEEAEETLE

a.update(b) al=b WERS a PRTTEN a S b BIEH

a.intersection(b) aé&b aflb P TRILE

a.intersection_update(b) a&=h wWEES a b TENa S bR

a.difference(b) a-b FHET aBAFET b HITE

a.difference_update(b) a=b WEEG s TENa SbBE

a.symmetric_difference(b) a™hb BEa®mAEbBTE

a.symmetric_difference_update(b) | a*=b EatmEARTa R EbHTE

a.issubset(b) N/A MEa PHITELSFET b, WA True

a issuperset(b) N/A WEbROTELTET a0 W True

a.isdisjoint(b) N/A MR afb AHRTE, WA True

P A A A AN ST, A B R IR A . AT KSR, 3%
v exat
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out[143]: {1, 2, 3, 4, 5, 6, 7, 8}
In [144]: d = a.copy()
In [145]: d & b

In [146]: d
out[146]: {3, 4, 5}

55 MEM, EEuml AR AR ERARUIIRNTTER, LA TH:
In [147]: my_data = [1, 2, 3, 4]
In [148]: my_set = {tuple(my_data)}

In [149]: my_set
out[149]: {(1, 2, 3, 4)}

PRIE T DA — MRS SR 1502 5 — MEG I TR B
In [150]: a_set = {1, 2, 3, 4, 5}

In [151]: {1, 2, 3}.issubset(a_set)
Out[151]: True

In [152]: a_set.issuperset({1, 2, 3})
Out[152]: True

EEWNBERFRS, L&A XF5E:

In [153]: {1, 2, 3} == {3, 2, 1}
Out[153]: True

FIFR . HEH M S

H|F AT 22 Pythonie 2 & 5% RiE 2 —. e RV TN —MEGL TR, BRI,
LS SRR R ME ST R BT

[expr for val in collection if condition]

A TR d KIforfE A,

result = []
for val in collection:
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if condition:

result.append(expr)

filters& At Al Al 2, AR R REtAT. B, e — s sk, JATA DU e K2
VNN IEZE PSS L S 90 PNCE

In [154]: strings = ['a', ‘'as', 'bat', 'car', 'dove', 'python']

In [155]: [x.upper() for x in strings if len(x) > 2]
Out[155]: ['BAT', 'CAR', 'DOVE', 'PYTHON']

FABAR) Ji%, e v] D A M-, 3 HE S R Bk
dict_comp = {key-expr : value-expr for value in collection if condition}

EENHEFEHERIRGE, AATHIRZRIES:

set_comp = {expr for value in collection if condition}

AR S AR, RE&ETRAHETEMRITME, BRI SARE 5 KRB AT 87
G BIMBATR B E PR K, ARG 7w 7 &

In [156]: unique_lengths = {len(x) for x in strings}

In [157]: unique_lengths
out[157]: {1, 2, 3, 4, 6}

map BRECAT LLE— B fai L -

In [158]: set(map(len, strings))
out[158]: {1, 2, 3, 4, 6}

AT S SR T, FATTAT LG — 5 1 B B 2 LA 5 e A BURR P IO (L
In [159]: loc_mapping = {val : index for index, val in enumerate(strings)}

In [160]: loc_mapping
Out[160]: {'a': @, 'as': 1, 'bat': 2, ‘car': 3, 'dove': 4, 'python': 5}

R SR AT 5
BRI A ETIR AR, 06T 3% NI 4.
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In [161]: all data = [['John', 'Emily', 'Michael', 'Mary', 'Steven'],

500008 [*Maria', 'Juan', 'Javier', 'Natalia‘', 'Pilar']]

PRATREE N — LS B RIR Be 40 o, ARG R IS F HE T 028 AR IRATAR ] — MR
Ay, XA T RS WA BEEZ e, n] DU forfE kA

names_of_interest = []
for names in all_data:
enough_es = [name for name in names if name.count('e') >= 2]

names_of_interest.extend(enough_es)

AL SRS AT, RS E -, Whos:

In [162]: result = [name for names in all _data for name in names

500008 if name.count('e') >= 2]

In [163]: result
Out[163]: ['Steven']

IRE IR A ERA LR Ik, FIRME S A fordf 7 2 IRAE M E M, 1828 R TR i
Jao NS M, BATRE N BECTHI IR R TR T — DM EESIER:

In [164]: some_tuples = [(1, 2, 3), (4, 5, 6), (7, &, 9)]

In [165]: flattened = [x for tup in some_tuples for x in tup]

In [166]: flattened
out[166]: [1, 2, 3, 4, 5, 6, 7, 8, 9]

CAE, forkik s & 5 ik Eforfig A AR Fr— ¢ (i A2 5 R HE T ARF) -

flattened = []

for tup in some_tuples:
for x in tup:
flattened.append(x)

R AR 2 O MR E, (HRWERIRA =L ERIRE, VRN %5 & T AU AT Y )
T o PRI B FRHE T U RIE R R R E E 1

In [167]: [[x for x in tup] for tup in some_tuples]
out[167]: [[1, 2, 3], [4, 5, 6], [7, 8, 9]]
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KBARL A T —ABIRIFIER, AR LA S TR KIR.

2 K2

uﬁmwmm¢m£%&%%é%mﬁﬂ@mﬁﬁﬁiﬁ VRN BB JEN, R R 2 A
FIAHF SR RS, SFEE R, BESREiE— a5, 0T DR S RS T s

P,
PR def REEF S, H return JCBEFIRIFIA:

def my_function(x, y, z=1.5):
ifz > 1:
return z * (x + y)
else:
return z / (x +y)

[E] A 2 ZkreturniB A2 AT LLRT . W1 R 208 R ECK B I ¥ H B BT — ZkreturniB &), TR [A]
None.

BREL T LA — 8 B 28 (positional) Fil—L 87240 (keyword) o SRS HUE T T2
BOMES RS LR ET, xAyR2ESE, mzlWE M7 S8. Wi, %R
AJ DL T 3 A 7 kAT O A

my_function(5, 6, z=0.7)

my_function(3.14, 7, 3.5)
my_function(10, 20)

MBS EEREIE T R FS LI TR ESH RERE 5. 7R BUERIF 1
ERETSU RV, RAMSGLHEE RS HNIF, RAZLEENNZ 7T LT .

Fid: WAl VAR AE i B S8 wimee 5, WarblEN:

my_function(x=5, y=6, z=7)
my_function(y=6, x=5, z=7)

XA B 5 AT PASR iy AT B

Rl TN (YA E B I o =i
BT B A R PR 02 4 Cglobal) RIS (local) o Pythondr—FRE AR g

FH TR R AR S A R 2 FR, Bl dr 44516 (namespace) . ATAM7E b8 20 AR 0 28 5 BRI HE 2 4k
LR Ry 44 28 (local namespace) 1. Jaifan 44 23 (A& 78 R A A I B 1, R
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AR Z A2 0] FERBHAT R A, Rl dr 44 2 Al 28 (2 — 2 Sh 1
o, BARES WRE A AHER—) « BE FHX DR

def func():
a =[]

for i in range(5):
a.append(i)

WHfunc()2Ja, EEEIEI AR, WREAIMSNICER, HaanfEiZREUR H 1 e
8o ABRAFAVE N HIXAEE La:

a =[]
def func():
for i in range(5):
a.append(i)

B I DATE B R 4 R PRV B (AR A2 s 31 global St 75 B AR A A
{7+

In [168]: a = None

In [169]: def bind_a_variable():
000008 global a
500008 a =[]

.....: bind_a_variable()

......

In [170]: print(a)
[]

R O EEBAIAZIREAE fglobal e #t 7 . Ky 4 RALE — o TR R G i
SRS WERARAILE CH VIRZ, AT RERL U IS ZoR LT X R 4ife 1 CRIEH]

¥

i[5 2 AME

TEFREE — K FHPythonffRET (2 AT D& S T JavafiC++) , HE I — IR Z: WA LUR
Bl ZAME. TR — AR

def f():
a=>5
b==¢6
c =7

return a, b, ¢
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a, b, c = f()

FERAE A AL R N T, RS KIE CE R AT RS HIRE 735, th
Ha— e, BRI IZTHSEIRRBISA SRR . £ LR, JRATE AT DUX S .

return_value = f()

X H freturn_valuef & — M EA3 MR BEMER =Jo e, tbhh, i&F —MEER BAWEI 2
(B3R (8] 75 3 [m] o7 i«

def f():
a=>5
b==¢6
c =7

return {'a' : a, 'b'" : b, 'c' : c}
BT TAENS, 5 Mokl aeila .

PR B S X B

HiF-Python ek BCAf 2 5, DA, FEHARIE 5 Ao ik i) — 22 Bt i B ARAE Python Hh it 22 fi] FLAR
Z 1o BEANTAE TIZEE— N PR EE, A BT — L8l B AR I AT — HEFE

In [171]: states = [’ Alabama ', 'Georgia!', 'Georgia', 'georgia', 'FlOrIda’,

560008 "south  carolina##', 'West virginia?']

2

B, REACH A P SRR S, SieE M B LB U B B A — . N T
BE UM T oM TR G 758, R[EBRZER. KBRT AR, MRS s m 5
T IEBRRR SR . ik — R A A AT B REMIENZRIE K re BTk

import re

def clean_strings(strings):

result = []

for value in strings:
value = value.strip()
value = re.sub('[!#?]", "', value)
value = value.title()
result.append(value)

return result

ZERWTR P
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In [173]: clean_strings(states)
out[173]:
['Alabama’,

'Georgia’,

'Georgia’,

'Georgia’,

'Florida’,

'South Carolina’,

'West Virginia']

HIGEA FA— TR I BT — 48 TR BT A i AR — 1%

def remove_punctuation(value):

return re.sub('[!#?]", , value)

clean_ops = [str.strip, remove_punctuation, str.title]

def clean_strings(strings, ops):
result = []
for value in strings:
for function in ops:
value = function(value)
result.append(value)
return result

RJEHATAT T

In [175]: clean_strings(states, clean_ops)
Out[175]:
["Alabama’,

'Georgia’,

'Georgia’,

'Georgia’',

'Florida’',

'South Carolina’,

'"West Virginia']
XA 2 R BB AR BEAEAR 2 10 2 X R B B4 eR (R #0720 BB () clean_strings tH 52 HL ]
=
T LUK R R AR FoAL R S 24, Eetn N E Imapd$, & T E—H AR FR A — AN

In [176]: for x in map(remove_punctuation, states):
et print(x)
Alabama

Georgia
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Georgia
georgia
F1lOrlIda
south carolina

West virginia

=4 (lambda) K%
Python 3 i— M FkIE 4 111, milambda ¥, & (5t o B A0 AUR, 1205 A0 (5 S i

fi. ‘Ertifidlambdact 7 g I, XA B TBCA M A0 0 UGB BRATIEAE = )2 — A
B 4 PR

def short_function(x):

return x * 2

equiv_anon = lambda x: x * 2

ARFSILARER G — ROR AR ylambdapd 2. BN IFEREE T TAERARR T, DU RS K IUR 2 2L
Pt 3 R A LLRR AUV E A 2801 . ELEAR Nlambda i 3t 5 s B R B I B D NVIR 22 (1
TS . H A R lambdap U (E s — MR EGRE DA R L 7. BE N XA RAGH LR
5

def apply to list(some list, f):

return [f(x) for x in some_list]

ints = [4, @, 1, 5, 6]
apply_to_list(ints, lambda x: x * 2)

BARYRT] DA EL %% 5 [x *2for x in ints], {H 21X BIRATA] DLAEH B Hde N— A~ 3 58 a5 4
apply_to_listegi %k

FRE TS T . A — H AR, AR ARG B 45 8 A A - B B AT R
In [177]: strings = ['foo', 'card', 'bar', 'aaaa', 'abab']
ZKH, AT AR —Mambdaifi 22 51| 3£ K sort 77 1% :

In [178]: strings.sort(key=lambda x: len(set(list(x))))

In [179]: strings
Out[179]: ['aaaa', 'foo', ‘'abab', 'bar', ‘'card']
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2210 lambdapfi 2 AT A SR A E 4 R, Sdef S I REUAE, R 2 — 52 X R ek
B G AR 5 2 %A Rt Z Frname J& 14

Pl AL #r ZHNH]

fIEAL Courrying) & —MTBITHENLR AR, EfRRI02EE M SN (partial
argument application) MIUAT B ECIR A HUFT R B HOR . Biln, BBEEATH — S HAT I B
{7 P B £

def add_numbers(x, y):

return X +y

BRI REG, JATATAIRA: A R — A S i Ei——add_five, B TXT IS 0N
5:

add_five = lambda y: add_numbers(5, y)

add_numbersfI 5 NS HHFR R BALK” Ceurried) o X BEAT A4 HIAEME AR TE, POYFRATH
SE R E ST AN AT DL LA R BT R A 2. N B I functoolsiEE 1] DL partial 8 £0R It
R AL

from functools import partial
add_five = partial(add_numbers, 5)

Gy e

R LA —Fh— 2 7 2O A AT AR (L an g2 v o S E S 1947) & Python ) — /> B 2 4F
Filo XAEE M s R 2 Citerator protocol, ‘B4 — Rt G rl kAR 7 20 17 %
SEEL, —ANEA A R AR A k. Bedna, ke Mg T R A AT DA B L A

In [180]: some_dict = {'a': 1, 'b': 2, 'c': 3}

In [181]: for key in some_dict:
500008 print(key)

41 % Hfor key in some_dictitf, Pythonfii 2% 5 Jo 2 221k Msome_dictfill i — M ikA03

In [182]: dict_iterator = iter(some_dict)

72



In [183]: dict_iterator
Out[183]: <dict_keyiterator at 0x7fbbd529f908>

EARES S — PR %, B ] DATE I Wiforf§ 3R 2 J5 1 R SO [l Python iR 2 4t i R R4y
REBEZ B3R 2 0 G 5 B AT AR S AT AT AR 4. Ehlimin, max. sumZE N & 7574 DL
Jelist. tuple®5EIS A4t 2% :

In [184]: list(dict_iterator)
out[184]: ['a', 'b"', 'c']

"R (generator) s FAE T A AT AU G — AT 07 30, — R RR B AT 2 Ja R 2l [ A
{8, A R A DURER (75 R [l —AME P A, BIRRIR [l —ME 2 Ja 845, BB T —AMEHGE R
I ks, ZOIE—NMERAS, R TR R ET Mreturn B HoyeildBI A

def squares(n=10):
print('Generating squares from 1 to {@}'.format(n ** 2))
for i in range(l, n + 1):
yield i ** 2

WFZAE BRI B AR ARRS 245 S BRI PAT
In [186]: gen = squares()

In [187]: gen
Out[187]: <generator object squares at 0x7fbbd5ab4570>

HBWRMZAE S TG R TGRS, B ST HAT HACR:
In [188]: for x in gen:
et print(x, end=" ")

Generating squares from 1 to 160
149 16 25 36 49 64 81 100

57— o B R VR A i 2B RS 1) T VR AR AR i R 1A 5 (generator expression) o IX A& — P24
FHIR. T, EEHESRWAENDS. LAl =08, 05185 250 1 77 765 ok B #55

In [189]: gen = (x ** 2 for x in range(1600))

In [190]: gen
Out[190]: <generator object <genexpr> at 0x7fbbd5ab29e8>
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EERN DX AN TR 2 104 R 2 58 a5 A Y-

def _make gen():
for x in range(100):
yield x ** 2
gen = _make_gen()

Az e as IR AL A LPARS R 2 30, 1S4

In [191]: sum(x ** 2 for x in range(109))
Out[191]: 328350

In [192]: dict((i, i **2) for i in range(5))
Out[192]: {@: o0, 1: 1, 2: 4, 3: 9, 4: 16}

itertoolstx i

PRt FEitertools b i — 41 F T4 2 LA Bk AR il 2% . i, groupby ] BAEE 2 AT A 7 41
A—ANRE EARTE R AR BUE X 7 8 R &S e RZ A T 0 . S — M

In [193]: import itertools

In [194]: first_letter = lambda x: x[0]

In [195]: names = ['Alan', 'Adam', 'Wes', 'Will', 'Albert', 'Steven']

In [196]: for letter, names in itertools.groupby(names, first_letter):
..... : print(letter, list(names)) # names is a generator

A ['Alan', 'Adam']

W ['Wes', 'Will']

A ['Albert']
S ['Steven']

R3-2HF 7 — LR H ] 2 (itertools ki ¥ XS B Python'H J7 S0, #E—222],
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EE

LA

combinations (iterahle,
k)

4 RS — 1| iterable 9 ATH A E:R) k TTonAAE AYEIFTI, AE
EINF (ZRA— T FEE combinations_with_replacement )

permutations (iterable,

k)

£ Ri— M iterable AT Al HERT k JLICARLA RUAIFS. ETE
e

srcupby (iterablel,
keyfunc])

A THE—EAERN— (ke ¥, sub—iterator)

product (#iterables,

repeat=1)

£ Al A R dterables VBT R/RAR, RN ITA, EUTHE for
(R

1 iR A S AL B

PeAEHB AL BEPython IR R AN S W 2 h i g R e O B L8 70 o AERR i, V2 R MR SO
THEE RN . BN, Pythonffloates £ m] LUK 747 Hf e il 8, (HE AN A BRI

H ValueError fHi%:

In [197]: float('1.2345")

Out[197]: 1.2345

In [198]: float('something")

ValueError

Traceback (most recent call last)

<ipython-input-198-439904410854> in <module>()

----> 1 float('something")

ValueError: could not convert string to float: 'something'

fRuAE P A AL P floatf &%, 1hERFEIANE . AT LS — A%, fEtry/except ii A

float:

def
try:
return float(x)
except:

return Xx

Hfloat(x) il it = H I, A = HhATexcept)E /)

In [ ]: attempt_float('1.2345")

Out[ 1:

In [ 1: attempt_float('something")

Out[ ]: 'something’
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YRAT REVE = Bfloatifl H! 1) 57 % A& ValueError:

In [202]: float((1, 2))

TypeError Traceback (most recent call last)
<ipython-input-202-842079ebb635> in <module>()

----> 1 float((1, 2))

TypeError: float() argument must be a string or a number, not 'tuple’

PRI RE A A AbEEValueError, TypeErrortiiz (Fii A& FA/F R BEUE) FIRE2& A& #bug. LS
— AN RERA

def attempt_float(x):
try:
return float(x)
except ValueError:

return x

IEEER

In [204]: attempt_float((1, 2))
TypeError Traceback (most recent call last)
<ipython-input-204-9bdfd730cead> in <module>()
----> 1 attempt_float((1, 2))
<ipython-input-203-3e06b8379b6b> in attempt_float(x)
1 def attempt_float(x):

2 try:

----> 3 return float(x)
4 except ValueError:
5 return x

TypeError: float() argument must be a string or a number, not 'tuple’

RSN bR o F

def attempt_float(x):
try:
return float(x)
except (TypeError, ValueError):
return x

FERESLR, PR REAS AR TR, PR try B B R T R, FHAT — BUAAY. ATBAE
Hfinally:

f = open(path, 'w")
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try:
write_to_file(f)
finally:
f.close()

KH, SRR PO . AR, RAT DL elseil RAEtry &7 OIS B0~ A AT AR
f = open(path, 'w')

try:
write to_file(f)
except:
print('Failed")
else:
print('Succeeded")
finally:
f.close()

IPython ] 53

U SELEYorun— A BHIA B — 1B A I 3l 55, IPythonBRA 2T B ¢ B 11 FH #+
(traceback) , TEARHIREAN AR SH AT BRI

In [10]: %run examples/ipython_bug.py
AssertionError Traceback (most recent call last)
/home/wesm/code/pydata-book/examples/ipython_bug.py in <module>()
13 throws_an_exception()
14
---> 15 calling_things()

/home/wesm/code/pydata-book/examples/ipython_bug.py in calling things()
11 def calling_things():

12 works_fine()
---> 13 throws_an_exception()
14

15 calling_things()

/home/wesm/code/pydata-book/examples/ipython_bug.py in throws_an_exception()

7 a=>5
8 b==¢6

---->9 assert(a + b == 10)
10

11 def calling_things():
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AssertionError:

H &5t A SCASE A XS T PythonbrE A RE 25 BRI 25 AR AT LA BEAR 74 %xmode » M
Plain (5Pythonbr#fiE R AHFD £|Verbose (i BB EE) A /RIIEE. JFTH
ATLVES], KRAEANREZ G, (H%debugik%pdb magics) w] LAHE A stacki#t AT 5 5 i .

3.3 I AHEAE R4

A AR~ 9 K 2 A8 i Wpandas.read_csvZ 2R i 2% T E R A b 8 SO A Python
PREER) . (HIRATIE A 75 B T i — Ly SCPython SC {4 A HJ5 TH O JE R AR o U7 & AR AR i 5.,
Xt 2 Python 28 SCA A SO A4 b B 5 T i B e A AT IR JR IRl 22—

N TATIF— A DMESS, w] DUE A N & i open B 20 L K — AN FEX BRAE ) (Y S B A2 -
In [207]: path = 'examples/segismundo.txt'

In [208]: f = open(path)

BAEOLT, SO AR ) TP SRR, SRATH0R] LUAR AL BEAZR IRFE R AL BRIX A SCAF:
FJRRE T, EEIRAT BEATIE AR

for line in f:

pass

MSCA R ECH AT A SRR AT R (EOL) , DR 4 2 N HIXFEARRY (193] —4H
BATEOLIIAT)

In [209]: lines = [x.rstrip() for x in open(path)]

In [210]: lines
Out[21@]:
['Suefia el rico en su riqueza,’,
'que mas cuidados le ofrece;’,
' 3
'suena el pobre que padece’,
'su miseria y su pobreza;"',
3
'suefia el que a medrar empieza,',
'suefia el que afana y pretende,’,
'suefia el que agravia y ofende,’,
3
'y en el mundo, en conclusion, ',
'todos suefan lo que son, ',

‘aunque ninguno lo entiende.’,
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W FAE Fopenfllid L hxt %, — @B Hclose kAT . I M SO LR Bl #AF 22 88 %Ik -

In [211]: f.close()

Fwith i8] a] LART DUSE 5 5 b3 BT T (0 301

In [212]: with open(path) as f:
..... : lines = [x.rstrip() for x in f]

IXHERT DR IR ARG B, E 3RS

w4 N f =open(path,'w'), Bt —ANE U A1l i fEexamples/segismundo.txt, F178 a5 51 AL
BRI ESE . AIME — SR, B DRI R S 1S, (HR RSO ER AR TE, Bt
ToikfE . #3-3FNH T Frfa S

s e
r RiFEER
w  REER, SIBRFXHE (MBRESHEmEFE?)
a MINEIIE X4 (MEXEREFEEUE—)
r+ EEHER
B AN AR AE R AT SIS, Blrb'E wh
U  BERSAER. 2RERUIKHNE EtEER (1)

ST RIS, —Les I Eread. seekflltell. read<x M\ SCHFIR Al 45 . FAF N2
PRI Y ) CAIUTF-8) 5 SR A& — b s =T R st A i s -1 -

¥
Pl
B
&

In [213]: f = open(path)

In [214]: f.read(10)
Out[214]: 'Suefa el r'

In [215]: f2 = open(path, 'rb') # Binary mode

In [216]: f2.read(10)
Out[216]: b'Sue\xc3\xbla el '

read P S\ 2F SOOI A B IR AT, SR AT A AICRE R BaU 55 4. tell] RAZS HY AT 47 & -

In [217]: f.tell()
Out[217]: 11
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In [218]: f2.tell()
Oout[218]: 10

REGBATISCAFEEC T 10755, ALEEZ, XRFAHBINImISH 71X 4 273 A f#i5 T
A0 FAF . VRAT LA sysHR A 2 BRI 25 i -

In [219]: import sys

In [220]: sys.getdefaultencoding()
Out[220]: 'utf-8'

seekcls 3R BT BN SR+ G it 4

In [221]: f.seek(3)
out[221]: 3

In [222]: f.read(1)
out[222]: 'A’

wJa, RHAISCF:
In [223]: f.close()

In [224]: f2.close()

FSCAEE N, AT LA B S write skwritelines vk, a0, AT LAAIEE — AN 24T R IT)
prof_mod.py:

In [225]: with open('tmp.txt', 'w') as handle:

el handle.writelines(x for x in open(path) if len(x) > 1)

In [226]: with open('tmp.txt') as f:

et lines = f.readlines()

In [227]: lines

Out[227]:

['Suefia el rico en su riqueza,\n',
‘que mas cuidados le ofrece;\n',
'suefia el pobre que padece\n',

‘su miseria y su pobreza;\n',

'suefia el que a medrar empieza,\n',
'suefia el que afana y pretende,\n',
‘suefia el que agravia y ofende,\n’,
'y en el mundo, en conclusiodn,\n',

"todos suefan lo que son,\n',
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'aunque ninguno lo entiende.\n']

R3-AFNH T — L8 iR W RIS 7 i

7k 1A

read([size]) UFFFRFERNREXHLE, TEfsizeZ BB T RAERNFETH
readlines([size]) X HFIRE AFTHIFR, TESEsize

write(str) BFERFBEBEAXH

close() G

flush() BEAM/OEER, FEBERTEEHE

seek(pos) BE R ERNXHNE (B

tell() MEHFED S/ XA E

closed MRXHEEXRE, MW ATrue

AR T AUnicode

Python CfF R IN BRI SO, st 2, IRFR ZALEEPython ) 74585 (RlUnicode) - &
5 TR AR, SR — b FADKE £ (UTF-844f9. B8 FASCIIY
R

In [230]: with open(path) as f:
600008 chars = f.read(10)

In [231]: chars
Out[231]: 'Suena el r'

UTF-8/2 K il 22 ff Unicoded i, T LM ST R —E BRI 74T, Pythonzs ASCAFEEHL
% CATREDEA08Z F40797) 17 AT . AR A rb BT SR, U e U (3
R

In [232]: with open(path, 'rb') as f:
..... : data = f.read(10)

In [233]: data
Out[233]: b'Sue\xc3\xbla el '

R T SO gt ARA) PR 7T strd 5, B AT 8 g i i Unicode 747 4l 56 42 OT
A RER A -

In [234]: data.decode('utf8')
Out[234]: 'Sueha el '
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In [235]: data[:4].decode('utf8")

UnicodeDecodeError Traceback (most recent call last)
<ipython-input-235-300e0afl1@bb7> in <module>()

----> 1 data[:4].decode('utf8")

UnicodeDecodeError: 'utf-8' codec can't decode byte ©xc3 in position 3: unexpecte
d end of data

AR S G 1 openfIgmidie T, R 7 — M B 5 #7524 Unicode e #0h 53— Fh g i -
In [ 1: sink_path = 'sink.txt’

In [237]: with open(path) as source:
000008 with open(sink_path, 'xt', encoding='is0-8859-1") as sink:
PR sink.write(source.read())

In [ 1: with open(sink_path, encoding='iso0-8859-1") as f:
et print(f.read(190))
Suefia el r

R, ANEAE TR T seek. AR SO B AL T2 X Unicode s A7 155 K PRI AL ., 32
PUE T 2 7 AR R -

In [240]: f = open(path)

In [241]: f.read(5)
Out[241]: 'Suena’

In [242]: f.seek(4)
out[242]: 4

In [243]: f.read(1)

UnicodeDecodeError Traceback (most recent call last)
<ipython-input-243-7841103e33f5> in <module>()

----> 1 f.read(1)

/miniconda/envs/book-env/1ib/python3.6/codecs.py in decode(self, input, final)

319 # decode input (taking the buffer into account)

320 data = self.buffer + input
--> 321 (result, consumed) = self._buffer_decode(data, self.errors, final
)

322 # keep undecoded input until the next call

323 self.buffer = data[consumed:]

UnicodeDecodeError: 'utf-8' codec can't decode byte Oxbl in position ©: invalid s
tart byte
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In [244]: f.close()

ISR AR W EEX AFASCIF A5 SCAHEAT Bl 70 Hr, @ BEPythonffUnicode D fig 2 Ak L ). £
W%, ZbPythonH 77 3.

3.4 4515

TAIC A2t 7 Python 2Rl IREEANEYE, R K5 SINumPyMIPython ) T 7 £ 40 1157 .

83



NumPy (Numerical Python[{fa#K) & Python i it 5 e 2L S Atk . K2 B ARk iH S
BAE FINumPY H B AL b id i

NumPy 1 7 Dhaean F

o ndarray, —MEAREHEAZEME ) HEE I PuE 558 2= W10 2 48504 .
o JHTXEEH HAE AT s H AR R R B (/R EIE) .

o TS WA ) T H UL THAE WAZBU SO T A .

o ZRPEAREL. BEMLEA: B LR A B AR e T e

o MTHEMMIC, C++. FortranZif &5 405 KLY AIA C AP,

A1 T NumPy$Eft 7 —AME 55 I HIC AP, PRIAR A 5 K Bt AR ik 45 HARZE 5 9 5 AN, Ab
71l 26 A BE ANumPy £ 4H 1 E 30K HE iR 01 45 Python . X ST BE{E Python i oy —Fh A2
C/C++/Fortran [l AU B 1364, FFAER AR EANA —Daha K. B IR,

NumPy A B 3 9% G 1AL L A @ R B E o M sh g, BMNumPy$2H DU I A B2 i 506 4 B T
PR e o AE % tnpandas 250 T B . RIYNumPY & — ME KA H, FRSEN AT/ 44
HLZNumPy & e ohag, b)) #%.

Xt K BlE oA ST, BB DI RE 1 E A P

o MTHIEEBAER, FTHEMGMEIE. FHHRERERRELEHIZH.
o WHIMBAHFE, Wiy, Wb, £HIeHE.

o ERUIHIR ST AR IR S/ EE 5

o T AR SR I G RS S AR 5 AR R AR 12 5

o RRMREIRRIRNBARIL (AR Hif-elif-else ST

o HUEMITHIEE CRE. B, REBIAE . o

EIANumPY S it 138 A A B E B AL B T SRR, (HOR 2 B T REIE & ALK pandas R oA Sttt
ANIIHT TARRI A, JCH A RAS BRI . pandasih 2t T —LNumPy T 50A 1S8R 2 1 D
RE, Qe A AR B A

%E10: Python T [ B 4Lt 50T UE I £]19954F, Jim HuguninflZ T Numeric/E. 1 71—
104E, VF 2R 2Pt X 4 2 T 4618 F Python I 8 4 i, (H2E N211HE 4, +|I’]| \\\\\\
?fﬁ&:ﬁ'm Jrf 7. 20054F, Travis Oliphant )ANumericHINumarrayXii H % | TNumPyI)\
H, ZEmprA L XEE S 3 TR MEZR T

NumPy 2 THUE TH R B E R SR R 22—, RO E AT P U BRSO AL i e - X2 R

o NumPyR7E—ANELLM W AFH P g EdE, or T HAbPython W B X4 . NumPy[fICiE = %
BEIEE T CUERE A, T AL T R A B e /T TAE.  HiEEPython iy B 741,
NumPyZZE A A7 5/

o NumPyn] DAZEREAN B EHATR 221015, AR ZPythonforfg3F

R A RARPERE R, B S A B, AN Python 811K -

In [7]: import numpy as np
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In [8]: my_arr = np.arange(1000000)

In [9]: my_list = list(range(1000000))

BAFPI 53 R LL2:

In [10]: %time for _ in range(10): my_arr2 = my_arr * 2
CPU times: user 20 ms, sys: 50 ms, total: 70 ms
Wall time: 72.4 ms

In [11]: %time for _ in range(10): my_list2 = [x * 2 for x in my_list]
CPU times: user 760 ms, sys: 290 ms, total: 1.65 s
Wall time: 1.05 s

BT NumPy ) EEE A Python 10210065 (FERFER) , H HAHKIAAEE D,

4.1 NumPyf¥indarray: —Ff £ 450415 4

NumPy #2521 — M ot e HNZEE A % (Rindarray) , %6 % — MR i = 7% B0 K B
BB RAT LA R X P B 2 5 BB R AT — e Bkia 5, HABR bR B e R 2 M His 5 —FE .

ELH] A Pythons2 Wi A A 5 b5 S (B AL TR REAT HE T 5, 365 ANumPy, SR 548 — 1M
& BEMLEE ) /B

In [12]: import numpy as np

# Generate some random data
In [13]: data = np.random.randn(2, 3)

In [14]: data

Out[14]:

array([[-0.2047, ©.4789, -0.5194],
[-0.5557, 1.9658, 1.3934]])

R JE BAT B 5

In [15]: data * 10

Out[15]:

array([[ -2.0471, 4.7894, -5.1944],
[ -5.5573, 19.6578, 13.9341]])

In [16]: data + data

Out[16]:

array([[-0.4094, ©0.9579, -1.0389],
[-1.1115, 3.9316, 2.7868]]1)
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BT, AT REIRLI0. B oA, A TRES H S,

Zid: AT AT, R HRHERINumPY Y import numpy as np o /RZ9ZRH0]
DIEARIS R from numpy import * , {EAEVGX 4. numpy &SRR, &7
Z R, Hp—sps e 'ﬁPythonH’Jl*JEu HEL (Hanminfimax) .

ndarray & — 8 F A R B 2 4e g ds, st v, KA o R AR MR . B4
H#AH —shape (—PMRIRFYEELR/NRICH) M—Adtype (—AFI T Ui W HCZH Bl 281 0
%)

In [17]: data.shape
out[17]: (2, 3)

In [18]: data.dtype
Out[18]: dtype('floate4")

FREH 2 A FANUMPY SR IR A I, 300 T AR T % 2 B SE A5 . B K 2K 4
B A T RN FEARNUMPY, EL R I8 I 11 5L A 4 P A B 4477 2 ROAPython B i 5128 A
ESNS 7

il MRTEARBRER KA. “NumPy$ 4", "ndarray"isf, FEA L #FE 2 R —FE AR
i, HlndarrayXt 4.

gl ndarray

O B2 e ] B IR i array R 8. B2 —DIFSIR AT R (B » RE™~
A=A S NEIRINUmPY S L. LL—AN ISR (4 R

In [19]: datal = [6, 7.5, 8, 0, 1]
In [20]: arrl = np.array(datal)

In [21]: arrl
Out[21]: array([ 6. , 7.5, 8. , 0., 1. 1)

WEFY (Reind—HERIRHARKITNR) KBy — 2 48 -
In [22]: data2 = [[1, 2, 3, 4], [5, 6, 7, 8]]
In [23]: arr2 = np.array(data2)
In [24]: arr2

out[24]:
array([[1, 2, 3, 4],
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[5, 6, 7, 8]])

K hdata2/2 IR 15158, NumPy£iZHarr2(1) A4 [ shape & Mdata2 5] A1, 7] ELA & Endim
Fishaperil :

In [25]: arr2.ndim
out[25]: 2

In [26]: arr2.shape
Out[26]: (2, 4)

BrRAFRe I R VE4E A1) 5 np.array &> 2k T i B0 IX A B HERT H — DMBON & &
PR BRSO — MR dtypeXd b, botnid, 7E_EE MM 5, BAITA

In [27]: arrl.dtype
Out[27]: dtype('float64")

In [28]: arr2.dtype
Out[28]: dtype('int6e4")

Finp.arrayZ 4b, A SR B R DUET S . b, zerosFlones il il LLAI 45 i K Bl
R 20Ei 412040 . empty AT DABIZE — MR HARE B . SRR TR 2 4E8H, R
i A N— IR AR TeH B AT 2

In [29]: np.zeros(10)
Out[29]: array([ ©., ©., ., ©., 0., 0., 0., 0., 0., 0.])

In [30]: np.zeros((3, 6))

Out[39]:

array([[ ., ., ., 0., 0., 0o.],
[ 0., 0., 0., ©., 0., 0.1,
[ ., ©., 0., 0., 0., 0.1

In [31]: np.empty((2, 3, 2))

Out[31]:
array([[[ ©., ©.],
[ 0., 0.1,
[ 0., ©.1],
[[ 0., ©.]1,
[ 0., 0.1,
[ 6., e.11D

R N np.empty 2 ik [Fl 08 F R A L AR R (WHTs) , EikE
IR T — Le R AR H B R AR
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arange&Python P & ifi #range (1) £ 4 hit -

In [32]: np.arange(15)
Out[ ]: al"f‘ay([ ] ] ] ) ) ] ) ] ] ) ] ) ) b ])

R4 T — B EERE. T NumPy SRR BB 5, P, BRBEAH R RIRE, R
PR Efloated (- SHD .

PRI &Y 1%.8A

array 5 AFE (PR Ul SR EEFER) #i80) ndamay. B4
HEHTE dtype, BEAKBIIEE dtype. BhiAEIEE HI%H A EIRE

asarray 15 A PR ndarray, IEHEAFRFIE 1 ndamray BUTR AT ER

arange L THER range, BIEROAE)IZE—1 ndarray MAZ7FE

ones,ones_like | RIBFSERFAI dtype 81— 2 1 8140. one_like PAR—TE1A 05
#, FRBEFEI diype 01 E— 12 18150

zeros,zeros_like | Z2{0LT ones #0 ones_like, BAHFEMZ20EAEAmMS
empty,empty_like | 83237800, RoRAFTIEEFEREME

full, full_like A fill value B 8 BTH &, RIBIEEHFARF dype BIF— 212 full_like
AR &0, AR dype 62

eye,identity AE—PERFHI NxN BB (HABEEN 1, ExH0)

ndarray [ & 25 71

dtype (EHEZRAD) 2 —AMFIRIIAT R, B8 A ndarrays — B N 77RO R B BB 75 1015
L

AN

In [33]: arrl = np.array([1, 2, 3], dtype=np.float64)

In [34]: arr2

np.array([1, 2, 3], dtype=np.int32)

In [35]: arrl.dtype
Out[35]: dtype('float64")

In [36]: arr2.dtype
Out[36]: dtype('int32")

dtype/ENumPy RIEAL BB RGHIPIRZ —. ZHEUIGEHT, ENTEZEMS BN APLEE &R, X
AT B B AL b i — R AL IR F A (NC. Fortran) "5 T 2245 5 il
o BH Mdtype i 4 7 A — A4 (nfloatslint) , JETHIER — M T FRR SR AK
T ARAERIXURE FEPE RUE (RIPython i ffifloathf 5 7522 (5 8717 (RI644) o Bk, %K
AAENumPy P giic fEfloate4. 24-2%1 1 NumPy It SCRF 4 i s 257
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pos 3
Eid:

TEAEX lfLNumPyll’]dtypeLu)\ R, HFEERA. 8 R B R AT AL

WK EERA R . R BAL Ak, 745, bR “JmuﬁPythonsz1 WAr. 4R
i L 1 B AE N AR AN ”l“EMf fig 77 S CUH R REAREE . BHAR T a2 647
fif R,
#R4-2: NumPyR#iE K2
FKE FAKE  ixAA
int8. uint8 i1, ul EHSHMETHFSHsL (11FT) £3
int16. uint16 i2. u2 EFSHLHFSMI6 Q) FT) BE
int32, uint32 i4, u4 BEHSMEFSHIM 4MFT) BE
int64. uint64 i8. u8 BHSMEFSHea (8MFT) #E
float16 f2 FREFAH
float32 fasy f ENERBEZRE. SCfloatkE
float64 f8=k d ARG EE S8, 5CHdoublePython
MfloatXt R FHE
float128 f165Lg VREEZSE
complex64, complex128, c8. c16, A HIAFEN32M4L, 64013 12800F SR KA
complex256 £32 =R

bool ? FTrueMFalse B /RER
/4-2: NUmMPYREIBSRE (%)
XKE KA  iRR
object 0 PythonXf % 3 &l
string_ S EEKENFHFEEE (EMFF11MFN) .
B, BRIE— M KEMNONFHE, HEMA
510
unicode_ U EEKEMunicodekE (FPHEBEFEIE) .
RFEFENEXAR— (fU10)
fra] Lt ndarrayfrastype /7 2 BB R — N B 2H A — A dtype % i 1% o — /N dtype:
In [37]: arr = np.array([1, 2, 3, 4, 5])
In [38]: arr.dtype
out[38]: dtype('int64")
In [39]: float_arr = arr.astype(np.float64)
In [40]: float_arr.dtype
Out[4@]: dtype( ' float64")
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FEARGI, BEB R 17 A WA T RO SR, TN 0 2 AU % -
In [41]: arr = np.array([3.7, -1.2, -2.6, 0.5, 12.9, 10.1])

In [42]: arr
out[42]: array([ 3.7, ~-1.2, -2.6, 0.5, 12.9, 1e0.1])

In [43]: arr.astype(np.int32)
out[43]: array([ 3, -1, -2, @, 12, 10], dtype=int32)

R I A5 R B R AR 0y, BT A H astypetd HoE 3 R HiE T X
In [44]: numeric_strings = np.array(['1.25"', '-9.6", '42'], dtype=np.string )

In [45]: numeric_strings.astype(float)
Out[45]: array([ 1.25, -9.6 , 42. 1])

VER: f# Hnumpy.string 8T, —E BN, RDINumPY ) 745 8 5di 2 K/NEE ), K’
AR, Ak . pandasHEfit 1 5 2 AR BUE B rE R AL B 5

R EE S FE A SRR R TR I T CEE A 3EAN AR 0 Mfloat64 =7 ), Bt &gl kR —A4
ValueError. X, FLLEMW, 5K ~Zfoatii A~ enp.floate4; NumPy REERH, &2 PythonZk#l
Wit 21550 ) dtype |

B ) dtypeit 5 57— k-
In [46]: int_array = np.arange(10)
In [47]: calibers = np.array([.22, .270, .357, .380, .44, .50], dtype=np.float64)

In [48]: int_array.astype(calibers.dtype)
Out[48]: array([ €., 1., 2., 3., 4., 5., 6., 7., 8., 9.])

PRI m] B a3t A 28 A RS SRk & s dity pe:
In [49]: empty_uint32 = np.empty(8, dtype='ud')
In [50]: empty_uint32
Out[59]:

array([ @, 1075314688, @, 1075707904, 0,
1075838976, 9, 1072693248], dtype=uint32)

Zid: WM astyped QI —PHHIEH (— MBI , B R dtype 5 1H K dtype
HATF
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NumPyZi 4 )12 &

BAREE, FONVEMERA RS SIEAR SR BT EZEH . NumPy P RN R &40
(vectorization) . K/NHSEFIEEH 2 (8] AT AR SRS SR K 18 5 8 2 T 2R 2

In [51]: arr = np.array([[1., 2., 3.1, [4., 5., 6.]1])

In [52]: arr

Out[52]:

array([[ 1., 2., 3.1,
[ 4., 5., 6.1

In [53]: arr * arr

Out[53]:

array([[ 1., 4., 9.1,
[ 16., 25., 36.]1])

In [54]: arr - arr

out[54]:

array([[ 0., ©., @o.],
[ 0., 0., 0.1

A SR BENFEARSHS R EEALRBIS TR

In [55]: 1 / arr

Out[55]:

array([[ 1. , 0.5 , 0.3333],
[ .25 , 0.2 , 0.1667]])

In [56]: arr ** 0.5

Out[56]:

array([[ 1. , 1.4142, 1.7321],
[ 2. , 2.2361, 2.4495]])

R /INAH [R] R B 2H 2 TR B Bl At 2 A AT ZR A A
In [57]: arr2 = np.array([[©0., 4., 1.1, [7., 2., 12.11)

In [58]: arr2

Out[58]:

array([[ ©., 4., 1.],
[ 7., 2., 12.]11)

In [59]: arr2 > arr

out[59]:
array([[False, True, False],
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[ True, False, True]], dtype=bool)

ANFEK NI 2 18] (IS S0 4% (broadcasting) » KFAE B SEAT S AT VR 8. AT
WA T BT LA 2 IR

FARM RS MY A

NumPy£ZH 2 51— WA FE R, ORI TR e Rm T AR e . — 44
AR R, WK LS, ENIERPythondIRKThEEZEAZ -

In [60]: arr = np.arange(10)

In [61]: arr
Oout[61]: array([@, 1, 2, 3, 4, 5, 6, 7, 8, 9])

In [62]: arr[5]
out[62]: 5

In [63]: arr[5:8]
out[63]: array([5, 6, 71)

In [64]: arr[5:8] = 12

In [65]: arr
Out[65]: array([ 6, 1, 2, 3, 4, 12, 12, 12, 8, 9])

wnbEpR, AR MR EERES DM (narr[5:8]=12) , Ml ARk (Hmhii 5
R BRI 3D PIBAIEX . IRIREEENXHIET, BHU A2 REHHRIE . KRk
FHIRASPES, B ERARME DA 2 B e 2 A 1.

TERBIT, Setld—arrfg vl
In [66]: arr_slice = arr[5:8]

In [67]: arr_slice
out[67]: array([12, 12, 12])

WAE, HIREHeEarr_slice 1ME, LA AITE R iGEZHarr
In [68]: arr_slice[1] = 12345
In [69]: arr

out[69]: array([ 0, 1, 2, 3, 4, 12, 12345, 12, 8,
91)
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VIR 1 B i B R e -
In [70]: arr_slice[:] = 64

In [71]: arr
Out[71]: array([ ©, 1, 2, 3, 4, 64, 64, 64, 8, 9])

INRARWIT AR FEAENUmMPY,  FTRESR B0 (UG 24 7R 8 28 Al FAh 2 1 &2 ) B 4 s
MIZAETES) o BT NumPyRIBHH AL ERE S, FreRm ISR —T, BAINumPy i Rp 2
o Rt S AR OR AR 5 B 2 7 2 AT S5 2 RE AT A A7 1

R WEARARAREAT B ndarray Ul B — B AT AEAL ], 5 75 22 A it R AT B2 i # A
#41 arr[5:8].copy()

T e, RS L . A T, BREME BRI TR AR R 4
HH

In [72]: arr2d = np.array([[1, 2, 3], [4, 5, 6], [7, 8, 9]1])

In [73]: arr2d[2]
Out[73]: array([7, &, 9])

BIE, ATRA A TR AT AV, (EXRE R B S A R 2. IR BN DGR S [T
RO PIRAGEHAA TR WU, N HE PR SRS

In [74]: arr2d[9][2]
Out[74]: 3

In [75]: arr2d[9, 2]
Out[75]: 3

K413 T e i R 51 2 HOfEoNAT, AR Ns1,
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axis 1

axis 0 1

FEZ YR, WA T RHMRS, MR EX RS2 — AR — SMfindarray (E&H & —
RALE TR o B, 7E2x2x3%4Harr3d

In [76]: arr3d = np.array([[[1, 2, 3], [4, 55 611, [[7, &, °], [16, 11, 12]]1])

In [77]: arr3d

Oout[77]:
array([[[ 1, 2, 3],
[ 4, 5, 6],
(r7 8 9],
[1e, 11, 12]]1])

arr3d[0]:& —~2x 3% 4 :

In [78]: arr3d[9]

Out[78]:

array([[1, 2, 3],
[4, 5, 6]])
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P i B M ZH #R AT DL I 45 arr3d[0]:
In [79]: old_values = arr3d[@].copy()
In [80]: arr3d[0] = 42
In [81]: arr3d
Out[81]:
array([[[42, 42, 42],

[42, 42, 42]],
(r7z &, 91,
[1e, 11, 12]]1)
In [82]: arr3d[@] = old_values
In [83]: arr3d
Out[83]:
array([[[ 1, 2, 23],
[ 4, 5, 611,

(r7 8 9l
[1e, 11, 12]]1])

FAAARS, arr3d[1,0177 A5 il R 51 LA(1,0)JF Sk IR LE e (DL —4ER R 0GR D -

In [84]: arr3d[1, 9]
out[84]: array([7, 8, 91)

B PP BT R G, Rk S R Y
In [85]: x = arr3d[1]
In [86]: x
out[86]:
array([[ 7, 8, ¢9],

[10, 11, 12]])

In [87]: x[©@]
out[87]: array([7, 8, 91)

FERE, AE LI PrA XL O AL TSR A 17 rh, IR [l 2 e AL

UIREE]

ndarrayfJ V] F &2 R Python §1| R IX FE ) —4Ex R ZE AR 2% .
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In [88]: arr
Out[88]: array([ ©, 1, 2, 3, 4, 64, 64, 64, 8, 9])

In [89]: arr[1:6]
out[89]: array([ 1, 2, 3, 4, 64])

$F-2 W e K ar2d, H )RR A

In [90]: arr2d

Out[99]:

array([[1, 2, 3],
[y 5y Bllg
[7, 8, 911)

In [91]: arr2d[:2]

Out[91]:

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

ATLAVEH, ERAWEROM (RIZE— ) U1, Wtdi, VIR 2EE —NHAiEBoTcR .
ik arr2d[:2] 7] LL#E A A &2 ik B arr2d RPN A T
PRETPA—IRFEANZ N, SN Z AR SR

In [92]: arr2d[:2, 1:]
Out[92]:
array([[2, 31,

[5, 611)

BXFEBATUI A, RS B R 4ER 0 B AL o Sl R B R ST D) iR &, W] AR B4R
IRZIpane

Blhn, BRI LLEECRE AT HIRT 51

In [93]: arr2d[1, :2]
Out[93]: array([4, 5])

FRAABAERD, 34 mT DA 55 = B R A P AT »

In [94]: arr2d[:2, 2]
out[94]: array([3, 6])

Bl4-2xF BEHEAT 7B VER, A B SRR U N, R R TT DT T A x4k
TR
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In [95]: arr2d[:, :1]
Out[95]:
array([[1],

[41,

(711

Expression Shape
arr[:2, 1:] (2, 2)
arr[2. (3,)
arr[2, :] (3,)
arr[2:, : (1, 3)
arr[:, :2] (3, 2)
arr[1, :2] (2,)
arr[1:2, :2] (1, 2)
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HAR, XU 2l A B B e O A I X
In [96]: arr2d[:2, 1:] = @
In [97]: arr2d
out[97]:
array([[1, @, @],

[4, 0, @],
[7, 8, 911)

A R A2 5

KB XFE—MF, BN TE — N TAE SR 8 DA — M2 3 (SR EE
0D o X E, HHEMEHnumpy.random - ¥ randn 8 0 A 8 1E 25 70 AR I BEATL 20 -

In [98]: names = np.array(['Bob', 'Joe', 'Will', 'Bob', 'Will', 'Joe', 'Joe'l])
In [99]: data = np.random.randn(7, 4)

In [100]: names

Oout[100]:
array(['Bob', 'Joe', 'Will', 'Bob', 'Will', 'Joe', 'Joe'],
dtype="<U4")

In [101]: data

Out[101]:

array([[ ©.0929, 0.2817, ©0.769 , 1.2464],
[ 1.0072, -1.2962, ©.275 , ©0.2289],
[ 1.3529, 0.8864, -2.0016, -0.3718],
[ 1.669 , -0.4386, -0.5397, 0.477 ],
[ 3.2489, -1.0212, -0.5771, ©.1241],
[ ©.3026, ©0.5238, ©0.0009, 1.3438],
[-0.7135, -0.8312, -2.3702, -1.8608]])

B 44 7S S data B ZH i) — 47, T RATAR L0k o6 N T 44 7 "Bob" (I T i 47 ERAARIZH
—kE, BUAMEIESE (n==) WREKXEMN. Fit, XfnamesH¥FFH: "Bob" ] Lt Atia Hok £

A AN R R

In [102]: names == 'Bob'
Out[102]: array([ True, False, False, True, False, False, False], dtype=bool)

AR EE T T R 5

In [103]: data[names == 'Bob']
Oout[103]:
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array([[ ©.0929, 0.2817, ©.769 , 1.2464],
[ 1.669 , -0.4386, -0.5397, 0.477 ]])

At IR B EC A ) L TR 2R 5 R B — B EAh, BT LKA R B BR U . R (R
Feol, e e eEAT VEAR UEE ) TR AR -

In [103]: data[names == 'Bob']

Out[103]:

array([[ ©.0929, ©.2817, ©0.769 , 1.2464],
[ 1.669 , -0.4386, -0.5397, 0.477 1])

VER: IRAT R AR BEARS, AR R th A, Rl — @ 2B

THEFIPIT, FRIEIT names == 'Bob' K47, &R T4

In [104]: data[names == 'Bob', 2:]

out[104]:

array([[ ©.769 , 1.2464],
[-0.5397, 0.477 ]11)

In [105]: data[names == 'Bob', 3]
Out[105]: array([ 1.2464, 0.477 ])

FLEFFFR"Bob" AN AN AE, BEATMERIAE /75 (1=) , tha] DUB I~ 6 R 3EAT 5 € -

In [106]: names != 'Bob’
Oout[1e6]: array([False, True, True, False, True, True, True], dtype=bool)

In [107]: data[~(names == 'Bob")]

out[107]:

array([[ 1.0072, -1.2962, ©0.275 , 0.2289],
[ 1.3529, ©0.8864, -2.0016, -0.3718],
[ 3.2489, -1.0212, -0.5771, ©.1241],
[ ©.3026, 0.5238, ©0.0009, 1.3438],
[-0.7135, -0.8312, -2.3702, -1.8608]1])

~ B E R R B B SR AR -
In [108]: cond = names == 'Bob’

In [109]: data[~cond]

out[109]:

array([[ 1.0072, -1.2962, ©0.275 , 0.2289],
[ 1.3529, 0.8864, -2.0016, -0.3718],
[ 3.2489, -1.0212, -0.5771, ©.1241],
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[ 0.3026, ©.5238, ©0.0009, 1.3438],
[-0.7135, -0.8312, -2.3702, -1.8608]])

EHOZX =47 AT ZEALG N 2 AR %A, EHE& (R | (B0 Z KA R AR S
FERpAT:

In [110]: mask = (names == 'Bob') | (names == 'Will')

In [111]: mask
Qut[111]: array([ True, False, True, True, True, False, False], dtype=bool)

In [112]: data[mask]

Out[112]:

array([[ ©.0929, ©0.2817, ©0.769 , 1.2464],
[ 1.3529, ©.8864, -2.0016, -0.3718],
[ 1.669 , -0.4386, -0.5397, 0.477 1,
[ 3.2489, -1.0212, -0.5771, ©.1241]])

AT R B R 5 OB s, R R B @ RIS, BISEIR [m]— B — R B R
R Python gt Fand florfE A /R BUHULH e /L. B &
AT R TR B M A BT N T ¥ datarh B PTA SUBE A CE 90, JATH
In [113]: data[data < 9] =

In [114]: data

Out[114]:

array([[ ©.0929, ©.2817, ©0.769 , 1.2464],
[ 1.0072, 0. , ©0.275 , 0.2289],
[ 1.3529, 0.8864, O. , O. 1,
[ 1.669 , 0. , ©. , 0.477 1,
[ 3.2489, 0. , O. , 0.1241],
[ ©.3026, 0.5238, 0.0009, 1.3438],
[ o. , © , o. , o. 1

— AT 7R B2 Y AT BB AR At AR T L

In [115]: data[names != 'Joe'] =

In [116]: data

Out[116]:

array([[ 7. > 7. , 7. s, 7. 1,
[ 1.0072, ©. , 0.275 , 0.2289],
[ 7. , 7. , 7 , 7. 1,
[ 7. , 7. , 7. , 7. 1,
[ 7. , 7. , 7. , 7. 1,
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[ 0.3026, ©.5238, ©.0009, 1.3438],
[ o. , O. , o. o O 1

JRH AR, X GERERE 3R A BT LU pandas 75 i (1R A -

e |

1% 5 (Fancy indexing) & —/NNumPyARi&, ‘E8H2F HBERBAIT RG] BERINTE—
N8xAH A

In [117]: arr = np.empty((8, 4))

In [118]: for 1 in range(8):

..... : arr[i] = 1

In [119]: arr

Out[119]:

array([[ ©¢., ©., 9., ©o.],
[1., 1., 1., 1.],
[ 2., 2., 2., 2.1,
[ 3., 3., 3., 3.1,
[ 4., 4., 4., 4.1,
[ 5., 5., 5., 5.],
[ 6., 6., 6., 6.1,
[ 7., 7., 7., 7.1D

N T DR BT 145, Rt A— TR E T i) #4051 2k Bindarray Rl 7T :

In [120]: arr[[4, 3, 0, 6]]

Out[120]:

array([[ 4., 4., 4., 4.1,
[ 3., 3., 3., 3.1,
[ ., ©., 0., ©.],
[ 6., 6., 6., 6.11)

XBACHS B SLIE BIFATHER 7 1 A R SR 2 MR IT AR T :

In [121]: arr[[-3, -5, -7]]

Out[121]:

array([[ 5., 5., 5., 5.1,
[ 3., 3., 3., 3.1,
[ 1., 1., 1., 1.1D1)

—IRBAZADREIBHEAH — mfihl. EREIRZ D48, HPRonsRu &R 5 uH:
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In [122]: arr = np.arange(32).reshape((3, 4))

In [123]: arr

Out[123]:

array([[ @, 1, 2, 3],
[ 4, 5, 6, 71,
[ 8, 9, 10, 11],
[12, 13, 14, 15],
[16, 17, 18, 19],
[20, 21, 22, 23],
[24, 25, 26, 27],
[28, 29, 30, 31]])

In [124]: arr[[1, 5, 7, 2], [0, 3, 1, 2]]
Out[124]: array([ 4, 23, 29, 10])

b SRAHR 2 TEA A YHreshape 772
RAEHIRTEM,0). (5,3). (7,1)H1(2,2). TILELHZEZ /YR, HRET] MR —4EM.
AR R GIAT AT Be 2 BRIELL ] P I U — R CEFEERIEN) , EBUEREIATHI T RZ 2
FEE X3 A . AR BN R — AN IpE:

In [125]: arr[[1, 5, 7, 2]][:, [0, 3, 1, 2]]
Out[125]:
array([[ 4, 7, 5, 6],

[20, 23, 21, 22],

[28, 31, 29, 30],

[ 8 11, 9, 10]])

fE, R SIERVI A A, R RREE = 25 .

HU2H B B RN B Xt

B R BN AR SR BRI EE KA (NS BT S 6 o B
transpose 77k, A —MREARITIE
In [126]: arr = np.arange(15).reshape((3, 5))
In [127]: arr
out[127]:
array([[ o, 1, 2, 3, 4],
[5 6, 7, 8, 9],

[10, 11, 12, 13, 14]])

In [128]: arr.T
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Out[128]:

array([[ o, 5, 10],
[ 1, 6, 11],
[ 2, 7, 12],
[ 3, 8, 13],
[ 4, 9, 14]1])

FEREATREFE TSR, 2% T2 RZ4840E, iR np.dotiH SR RE N A .
In [129]: arr = np.random.randn(6, 3)

In [130]: arr

out[130]:

array([[-0.8608, ©0.5601, -1.2659],
[ ©.1198, -1.0635, ©0.3329],
[-2.3594, -0.1995, -1.542 ],
[-0.9707, -1.307 , ©.2863],
[ ©.378 , -0.7539, ©.3313],
[ 1.3497, 0.0699, 0.2467]])

In [131]: np.dot(arr.T, arr)

Oout[131]:

array([[ 9.2291, ©.9394, 4.948 ],
[ ©.9394, 3.7662, -1.3622],
[ 4.948 , -1.3622, 4.3437]])

T e, transpose i £ 45 2> g 5 AL e AL A BEX IR LE R BEAT A B (EUE SR
T

In [132]: arr = np.arange(16).reshape((2, 2, 4))

In [133]: arr

Out[133]:

array([[[ @, 1, 2, 31,
[ 4, 5, 6, 711,
[[ 8 9, 10, 11],
[12, 13, 14, 15]]1)

In [134]: arr.transpose((1, 0, 2))
out[134]:
array([[[ @, 1, 2, 31,

[ 8, 9, 10, 11]],

[[ 4, 5, 6, 71,

[12, 13, 14, 15]1])

R, BB ANRRER AR T A, S AR R TR A, AR AR
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{7 LR % BT AT,
CARSCEHE AR

In [135]: arr

Out[135]:

array([[[ @, 1, 2, 31,
[ 4, 5, 6, 711,
[[ 8 9, 10, 11],
[12, 13, 14, 15]]1)

In [136]: arr.swapaxes(l, 2)

Out[136]:

array([[[ @, 41,
[ 1, 51,
[ 2, 61,
[ 3 711,
([ 8, 12],
[ 9, 13],
[10, 14],

[11, 15]11D)

EHIR BT B T

ndarrayif 5 —/Nswapaxes i1, 7 B

swapaxes & iR [FIJEAE ML (AN SEAT AR 2 HIERAED

4.2 IR E: PUER TC R B R AL

WA (Rlufunc) f&—Fikindarray HH 54,

ITTC RGBT R AL VAT DR G il ) 5 R 2

(B MrEE, DN MR EE) MRELERERS.
VI Z ufunc#ll & W B R LR, Wnsqrtflexp:

In [137]: arr = np.arange(10)

In [138]: arr

Out[138]: array([e, 1, 2, 3, 4, 5, 6, 7, 8, 9])

In [139]: np.sqgrt(arr)

Out[139]:

array([ ©. , 1. , 1.4142, 1.7321, 2. , 2.2361, 2.4495,
2.6458, 2.8284, 3. 1)

In [140]: np.exp(arr)

Out[140]:

array([ 1. s 2.7183, 7.3891, 20.0855, 54,5982,
148.4132, 403.4288, 1096.6332, 2980.958 , 8103.0839])
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XEHE—JC (unary) ufunc. H4h—2 (fnaddeimaximum) #5224 (Rt =g
(binary) ufunc) , JfiR[El—/ gk R

In [141]: x = np.random.randn(8)

In [142]: y = np.random.randn(8)

In [143]: x

Out[143]:

array([-0.0119, 1.0048, 1.3272, -0.9193, -1.5491, 0.0222, 0.7584,
-0.6605])

In [144]: y

Out[144]:

array([ ©.8626, -0.01 , ©.05 , ©0.6702, 0.853 , -0.9559, -0.0235,
-2.3042])

In [145]: np.maximum(x, y)

Out[145]:

array([ 0.8626, 1.0048, 1.3272, ©0.6702, 0.853 , 0.0222, 0.7584,
-0.6605])

ZXH, numpy.maximumil5& 7 xFly TR g Rt ER .

BARIEAHE W, (B ufunciIffa] LLR [l 2 A2 . modfslt & —MolF, ‘& /&Python N & K%L
divmod R EALIRA, B 2R (A7 A B ) /N B B 05 4y

In [146]: arr = np.random.randn(7) * 5

In [147]: arr
Out[147]: array([-3.2623, -6.0915, -6.663 , 5.3731, 3.6182, 3.45 , 5.0077])

In [148]: remainder, whole_part = np.modf(arr)
In [149]: remainder
Out[149]: array([-0.2623, -0.0915, -0.663 , ©0.3731,

0.6182, ©0.45 , 0.0077])

In [150]: whole_part
Out[15@]: array([-3., -6., -6., 5., 3., 3., 5.])

Ufuncs ] DL —out il 24, X FF il BE A2 B AL I b AT $ A -

In [151]: arr
Out[151]: array([-3.2623, -6.0915, -6.663 , 5.3731, 3.6182, 3.45 , 5.0077])

In [152]: np.sgrt(arr)
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Out[152]: array([ nan,

In [153]: np.sqgrt(arr, arr)
Out[153]: array([ nan,

In [154]: arr

Out[154]: array([ nan,

nan, nan, 2.318 , 1.9022, 1.8574, 2.2378])

nan, nan, 2.318 , 1.9022, 1.8574, 2.2378])

nan, nan, 2.318 , 1.9022, 1.8574, 2.2378])

RA-3FFRA-45r 5B H T —L—JcH —Joufunc.

#+4-3. —pufunc
i 45
abs. fabs

sqrt
square

exp

log. log10. log2. loglp

sign
ceil

floor

rint
modf

isnan

isfinite. isinf

cos, cosh, sin, sinh.
tan. tanh

1t AR

TTEEH, FafdE8mexdE. TEEHE. T
1 A & R #¥fabs

TEETENFEAR. HEFarr**05

TEETENTEA. BEFarr**2

TEETEIELE

DR ABANE (K Ae) . EEA10Mlog. EE A2
log. log(1 +x)
TEETENERS: 1 (E#) . 0 (F) . —1 (A%
TTEETENceilingfE, IAXTFETZENR/NER
HERTENfoor{H, BI/NFEFZENRAEH

BETRENSIANIFELNES. REdtype
BEER N ELER S U MR BANEERD
BE—PFRT HLEEEZNaN (XFEZ2—PMEHF) 7 096
REVELAE

DHEBEE—-NPRT WETEEESFH (Finf, F
NaN) " 3 “BMETERLTHFN BN/ REHA

i R B = A R

®4-3: —jpufunc (48)
BR #5

arccos. arccosh. arcsin,
arcsinh. arctan. arctanh

logical_not

1% BH
R=fAEE

TEEZTEnot xBIE{E, HE F-arr
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F4-4. —jrufunc

BR & AR

add R 4R 3 A ST R AR AN

subtract MNE— M HERBEE_ M HAFITE

multiply HBTEAER

divide. floor_divide &St TEERZE (EFHRE)

power HE-—NMHEAPHNTEA, REE-ANAHAPHNERTES, if
ga®

maximum. fmax TERMEKRETE, maxd ZEENaN

minimum. fmin TREANR/NMETE., fminfEZE&NaN

mod TRERKRITE (BRENEE)

copysign REZANHUETNENTSETNSE AT NE

greater. greater_equal. MTTERMLEIEE, REFTEH RBKE,. HYTFHEHE

less. less_equal, B>, >=, <, <=, ==, I=

equal. not_equal

logical_and. logical_or., MITTREMBEEEEZE, BETHRZEM. |. 2

logical_xor

4.3 F FHHAH kAT s AL

NumPy £ ZH 8 /R T LR VF 2 R ficdfe Ab BRAE 55 R R N i B RIA X (BN E 5 5% -
HAHRLANBEA ML, EEPFOREN . ki, REMSEAEHELEG 20
Python i AUt E— WA EES (REEL) , THESMBEIE. FRmNET LA 3K
B 48, XM R BT R R KT B

YENTET ], R IRATR A —AE (ASELD EIFREREL sqrt(xr2+y~2) - np.meshgridif
B — 45, IR YRR R O RTINS B T ()R

In [155]: points = np.arange(-5, 5, 0.01) # 1000 equally spaced points

In [156]: xs, ys
In [157]: ys
Out[157]:
array([[-5. , -5. 1,
[-4.99, -4.99, -4.99, ..., -4.99, -4.99, -4.99],

np.meshgrid(points, points)

vl
-
-
-
-
-

Ul

[-4.98, -4.98, -4.98, ..., -4.98, -4.98, -4.98],
ey

[ 4.97, 4.97, 4.97, ..., 4.97, 4.97, 4.97],
[ 4.98, 4.98, 4.98, ..., 4.98, 4.98, 4.98],
[ 4.99, 4.99, 4.99, ..., 4.99, 4.99, 4.99]])
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BUE, XHZRR B SRAEE SR 70 1, FX PSR 0 A BT 5 R AA AR A]

In [158]: z = np.sqrt(xs ** 2 + ys ** 2)

In [159]: z

out[159]:

array([[ 7.0711, 7.064 , 7.0569, ..., 7.0499, 7.0569, 7.064 ],
[ 7.064 , 7.0569, 7.0499, ..., 7.0428, 7.0499, 7.0569],

[ 7.0569, 7.0499, 7.0428, ..., 7.0357, 7.0428, 7.0499],

[ 7.0499, 7.0428, 7.0357, ..., 7.0286, 7.0357, 7.0428],
[ 7.0569, 7.0499, 7.0428, ..., 7.0357, 7.0428, 7.0499],
[ 7.064 , 7.0569, 7.0499, ..., 7.0428, 7.0499, 7.0569]])

~N
~N

TEREEIZ ST, TR matplotlibf T XA~ 4541 (1 #i 4k :
In [160]: import matplotlib.pyplot as plt

In [161]: plt.imshow(z, cmap=plt.cm.gray); plt.colorbar()
Out[161]: <matplotlib.colorbar.Colorbar at 0x7f715e3fa630>

In [162]: plt.title("Image plot of $\sqrt{x~2 + y~2}$ for a grid of values")
Out[162]: <matplotlib.text.Text at ox7f715d2de748>

L E4-3, X7 K2 Fmatplotlibfimshow ek % 81 2 ) o
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Image plot of \ x2 + y? for a grid of values
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numpy.where i #;2 — 7t % 1A i if condition else y) R EALIA . BIERATH — A0 /KB AT
AMEHA

In [165]: xarr

np.array([1.1, 1.2, 1.3, 1.4, 1.5])

In [166]: yarr

np.array([2.1, 2.2, 2.3, 2.4, 2.5])

In [167]: cond = np.array([True, False, True, True, False])

R IRA A EAR Ficond H FI{E & B xarrflyarrFI{E . Xcond HH FE N Truel), HEHixarrffi{E, 7501
MyarrshiE . FIERAME S S VR RAZ a0 Bk

In [168]: result = [(x if c else y)

e for x, y, ¢ in zip(xarr, yarr, cond)]
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In [169]: result
Out[169]: [1.1000000000000001, 2.2000000000000002, 1.3, 1.3999999999999999, 2.5]

AU R 55—, X REL A B AR IRR (BOA BT TAR#R 2 Hh4EPython 78 ik
HD o B, EM T 2484, #E Hnp.where, AT LR Z DI RE S 13 455 i -

In [170]: result = np.where(cond, xarr, yarr)

In [171]: result
Out[171]: array([ 1.1, 2.2, 1.3, 1.4, 2.5])

np.whereff] 5% /MRS =N SHA L REM, e DoghrElt. E8dE 20 TIET, whereid
W AR o — R A B . R A RE LR AR AE R, PR A B A I
N2, KT AEE AN —2. &R Fnp.where, T2k &5

In [172]: arr = np.random.randn(4, 4)

In [173]: arr

Out[173]:

array([[-0.5031, -0.6223, -0.9212, -0.7262],
[ ©.2229, ©0.0513, -1.1577, ©0.8167],
[ ©.4336, 1.0107, 1.8249, -0.9975],
[ ©.8506, -0.1316, ©0.9124, 0.1882]])

In [174]: arr > ©

Out[174]:

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

[ True, False, True, True]], dtype=bool)

In [175]: np.where(arr > 0, 2, -2)
Out[175]:
array([[-2, -2, -2, -2],
[ 2, 2, -2, 2],
[ 2, 2, 2, -2],
[2, -2, 2, 2]D

fiiHinp.where, ALK bR BB S Gk, Han, Fa]HHH2 8 Harrb i IER{E:

In [176]: np.where(arr > 0, 2, arr) # set only positive values to 2

Out[176]:

array([[-0.5031, -0.6223, -0.9212, -0.7262],
[ 2. , 2. , -1.1577, 2. 1,
[ 2. , 2. , 2. , -0.9975],
[ 2. , -0.1316, 2. . 2. 1
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feizrwhere fIEZH KN AT AAHESE, EEFTPUR AR EE.

B MG Ik

AT LAE T O — 2 o O A B B i ) (R B AT SR B sumy mean PR bR
EZstdE KA1 H (aggregation, T I ML (reduction) D BERT LA i 4 1) S5 75 %14
Fi, AT LA IR ZENumPy B8 20 -

XH, AR T —EIESD BN, R T RES T
In [177]: arr = np.random.randn(5, 4)

In [178]: arr

Out[178]:

array([[ 2.1695, -0.1149, 2.0037, ©0.0296],
[ ©.7953, ©.1181, -0.7485, 0.585 ],
[ ©.1527, -1.5657, -0.5625, -0.0327],
[-0.929 , -0.4826, -0.0363, 1.0954],
[ ©.9809, -0.5895, 1.5817, -0.5287]])

In [179]: arr.mean()
Out[179]: ©.19607051119998253

In [180]: np.mean(arr)
Out[180]: ©.19607051119998253

In [181]: arr.sum()
Out[181]: 3.9214102239996507

meanflsumiX R eR 2] UL 32— PaxisiE S, TSz m BRI g E, &4
AN — YR HUH -

B
Fm
|

R

In [182]: arr.mean(axis=1)
Out[182]: array([ 1.022 , ©.1875, -0.502 , -0.0881, ©0.3611])

In [183]: arr.sum(axis=0)
Out[183]: array([ 3.1693, -2.6345, 2.2381, 1.1486])

XH, arr.mean(1)2&“tHHEATHIFAME”, arr.sum(0)2 T E ARSI,
HAth tncumsumAlcumprod 2 FEPI VAT A, T A2 7= A — > b H 1) 45 S 20 B i 204
In [184]: arr = np.array([e, 1, 2, 3, 4, 5, 6, 7])

In [185]: arr.cumsum()
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Out[185]: array([ @, 1, 3, 6, 10, 15, 21, 28])

FELZHEHH T, FNeE (Wcumsum) & [R5 [FIAE /N B, (HZ SRR MIRAE I T) A it
AL TH SRR 2 SR

In [186]: arr = np.array([[e, 1, 2], [3, 4, 5], [6, 7, 8]11)

In [187]: arr

out[187]:

array([[9, 1, 2],
[3, 4, 5],
(6, 7, 811

In [188]: arr.cumsum(axis=0)
out[188]:
array([[ o, 1, 2],

[ 3, 5 71,

[ 9, 12, 15]])

In [189]: arr.cumprod(axis=1)
out[189]:
array([[ o, 9, 9],

[ 3, 12, 60],

[ 6, 42, 336]])

RA-SHIH T &AM G Tk, JREEE TR ARZH T BT %,
R4-5: BAHARITHA

FiE iR

sum SMEEFEHAFMEN TR R, SKENHEEDNsumA0
mean BEAEHEH., FKEMNEENmeanINaN

std. var DAAREZERNAE, BRETIA (BIAAn)

min, max RAEMRNE

argmin, argmax SRARAFAR/NTENRS
®4-5: BERHUBRITHE (%)

hi& it A
cumsum FrE T EM R
cumprod FrETZRNREITR

I FAT R B E A T 7
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7E_ bR vk, AR e am b 391 (True) F10 (False) . [Fith, sumZd i FH k% A
IRTIECH A B True B iH 4T

In [190]: arr = np.random.randn(160)

In [191]: (arr > ©).sum() # Number of positive values
Out[191]: 42

FAANEA P T ikany Mall, SN R BB AER A . any A TSl 2 B A — A2
MNTrue, a2 200 F FrE (B2 S A2 True:

In [192]: bools = np.array([False, False, True, False])

In [193]: bools.any()
Out[193]: True

In [194]: bools.all()
Out[194]: False

XA TR T AR R B, P HEO e K 24 4 i True.

fE
FRPython Py & 1151257 —FE, NumPy#$4lth m] LUl IS sort 5 3%t i HE 7 -
In [195]: arr = np.random.randn(6)

In [196]: arr
Out[196]: array([ ©.6095, -0.4938, 1.24 , -0.1357, 1.43 , -0.8469])

In [197]: arr.sort()

In [198]: arr
Out[198]: array([-0.8469, -0.4938, -0.1357, 0.6095, 1.24 , 1.43 1)

2 YA T DAEARAT — ANl ) BT HERE . R fR K g 5 1% 4 sort I AT .
In [199]: arr = np.random.randn(5, 3)

In [200]: arr

Out[200]:

array([[ ©.6033, 1.2636, -0.2555],
[-0.4457, ©.4684, -0.9616],
[-1.8245, ©.6254, 1.0229],
[ 1.1074, ©0.0909, -0.3501],
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[ 0.218 , -0.8948, -1.7415]])

In [201]: arr.sort(1l)

In [202]: arr
out[202]:

array([[-©.2555, ©.6033, 1.2636],
[-0.9616, -0.4457, ©.4684],
[-1.8245, ©.6254, 1.0229],
[-0.3501, ©.0909, 1.1074],
[-1.7415, -0.8948, 0.218 ]])

T2y i%np.sortil Bl (R B I CHE P BIAS, st HE e W 2 A2 A B o T S8 o (o Kl

&7 B AR AN FE AT HERE SR 5 e RS o B -
In [203]: large_arr = np.random.randn(1000)
In [204]: large_arr.sort()

In [205]: large_arr[int(©.05 * len(large_arr))] # 5% quantile
Out[205]: -1.5311513550102103

554 5 NUmPY 75 5 LR VBRI 2 R B, T2 B RA Epandastiiid il Ll

B — LE AR R A SR R B CHUARE — 51 22 210 s B AT HE )

ME—4b LU E R 5124

NumPy#$2 L T — 26415 —4Eindarray I FEAR E A2 . & AR EEZEHnp.unique 7, & H T3

H A 1 B IR [ e (R 45 2R

In [206]: names = np.array(['Bob', 'Joe', 'Will', 'Bob', 'Will', 'Joe', 'Joe'])

In [207]: np.unique(names)

out[207]:
array(['Bob', 'Joe', 'Will'],
dtype="<U4")

In [208]: ints = np.array([3, 3, 3, 2, 2, 1, 1, 4, 4])

In [209]: np.unique(ints)
out[209]: array([1, 2, 3, 4])

ZFREnp.uniqueZs i i 4l PythonfRED Skt b — T
In [210]: sorted(set(names))
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out[210]: ['Bob', 'Joe', 'Will']

FH—AEHnp.in1d T — B P A EAE 5 — B P R R B, IR B — M R AR A
In [211]: values = np.array([6, @, @, 3, 2, 5, 6])

In [212]: np.inld(values, [2, 3, 6])
Out[212]: array([ True, False, False, True, True, False, True], dtype=bool)

NumPy {5 & B ELE 2 L 4#4-6.
z4-6: HANKEER

7k 1t BA

unique(x) TEXPHE—TE, FEREAFER

intersect1d(x, y) TTExMyFHMAHRTE, HEEFFER

unionld(x, y) TEXMyHF R, FREFFER

in1d(x, y) BE—IFRT XWMETEEEEETY NHREHA

setdiff1d(x, y) SEHNE, AIXEAEXFRREFEYF

setxor1d(x, y) %é‘@fﬁx%, AFET— I HEPEFTRNFETENMESD
TEFE

4.4 R+ ECAL ST N g H

NumPyRENS 35 5 WA X SOAR KR s Mt . 31X /5 B NumPy i B k% 0,
NEZ A 2 pandas s e TR INECSOR sk A% £l (LER6%ED

np.saveflinp.load:& i3 5 WA B AH B M A 2R . BRIATEIL T, B2 DOR IS4 i J ok — 0k
A% RAFAEY A4 0 .npy I SCAF Y -

In [213]: arr = np.arange(10)

In [214]: np.save('some_array', arr)

WA AR R BRAY 4 npy, Wy A4 24BN L. 2R )a8 AT B8 np.load i3 MU
Mnio} /e

In [215]: np.load('some_array.npy')
Out[215]: array([e, 1, 2, 3, 4, 5, 6, 7, 8, 9])

it np.savez il LR 2 N EALORAE B — AR IS SCfF R, R DR 5 S 8 A A BT :

115



In [216]: np.savez('array_archive.npz', a=arr, b=arr)

INE.npz3CAER, RSB — MR TF I AN R, 200 R &N EH AT (B N2
In [217]: arch = np.load('array_archive.npz')

In [218]: arch['b"']
out[218]: array([0, 1, 2, 3, 4, 5, 6, 7, 8, 9])

W E B 545, AT LL# Finumpy.savez_compressed:

In [219]: np.savez_compressed('arrays_compressed.npz', a=arr, b=arr)

4.5 AL

LR CInFEREsRi% . FERE M AT HI AL AT B SR 48 ) AT K2 e ) B B2 AR
AMEIHLEE S (MIMATLABD |, S8 P> e ARG 2B 2 — Do R AR, mAZ —4
R SR R, NumPy3ft 17— H T HERE Rk i ot B (BE2 — e )5 2 & numpy fir 44
R — N ERED -

In [223]: x = np.array([[1., 2., 3.], [4., 5., 6.1])
In [224]: y = np.array([[6., 23.], [-1, 71, [8, 921])
In [225]: x

Out[225]:

array([[ 1., 2., 3.1,
[ 4., 5., 6.]1)

In [226]: y

Out[226]:

array([[ 6., 23.],
[ -1., 7.1,
[ 8., 9.1

In [227]: x.dot(y)

out[227]:

array([[ 28., 64.1],
[ 67., 181.1])

x.dot(y)Z it T-np.dot(x, y):

In [228]: np.dot(x, y)
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Out[228]:
array([[ 28., 64.1],
[ 67., 181.]1])

A TR IR AN EE R R AR R AR 2R B A 4R

In [229]: np.dot(x, np.ones(3))
Out[229]: array([ 6., 15.])

@7FF (KfLPython 3.5) WATLLAA/E P GIE 54T, HEATHERESf

In [230]: x @ np.ones(3)
Out[230]: array([ 6., 15.])

numpy.linalg H G — 4 br ik 1R B 0 s 55 DA S W sk AT 9 2 R R P . BT TERMATLABA!
RE:E 5 A H B2 A B AT WL AR HEZR TEACEUZE, WIBLAS. LAPACK. Intel MKL (Math Kernel
Library, #IEeH, HURTIREINumPYRRA) 4.

In [231]: from numpy.linalg import inv, gr
In [232]: X = np.random.randn(5, 5)
In [233]: mat = X.T.dot(X)

In [234]: inv(mat)

out[234]:

array([[ 933.1189, 871.8258, -1417.6902, -1460.4005, 1782.1391],
[ 871.8258, 815.3929, -1325.9965, -1365.9242, 1666.9347],
[-1417.6902, -1325.9965, 2158.4424, 2222.0191, -2711.6822],
[-1460.4005, -1365.9242, 2222.9191, 2289.0575, -2793.422 ],
[ 1782.1391, 1666.9347, -2711.6822, -2793.422 , 3409.5128]])

In [235]: mat.dot(inv(mat))

Out[235]:
array([[ 1., ., -0., -0., -0.],
[-6., 1., ©., ©., o.],
[ 0., 0., 1., ©., ©.],
[-6., ©., ©., 1., -0.],
[-0., 0., 0., 0., 1.11)
In [236]: g, r = gr(mat)
In [237]: r
out[237]:
array([[-1.6914, 4.38 , 0.1757, ©0.4075, -0.7838],
[ o. , -2.6436, ©0.1939, -3.072 , -1.0702],
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[ o. , 0. s
[ @' > @ B
[ o. , 0. s

-0.8138,
0. ,
0. ,

1.5414, 0.6155],

-2.6445, -2.1669],

0. , 0.0002]])

FIEAX.T.dot(X) T XA 1) B X T fA
RA-THIIH T — s f 3 AR R K
=4-7. FEBnumpy.linalgE

Bk AR

diag MU—# A ERNREAEMNN AL (EXNAL) T
i AT (EXAZLITEAO)

dot U

trace TENAETENF

det T EHBFETHIR

eig THEHAENKEENAERDE

inv T ETER

pinv T E M HIMoore-Penrose 41

qr TTHQRA

svd THEHHEFRED® (SVD)

solve REMAREAA=b, HPAN—]FK
Istsq TTHEAx = bHIR/N M

. B —HHRA

4.6 DyBEHLEE K

numpy.random# X Python A & fjrandomiAT 1 #h 78, 340 1 —L81 T = AUE B2 M 20 Al
FIREAME R RR B Bln, AT A normalsiefs B — AN bRk IEZS 73 A (R4 x4 RE A2 4

In [238]: samples = np.random.normal(size=(4, 4))

In [239]: samples

out[239]:

array([[ ©.5732, ©.1933,
[ ©.575 , 0.4339,
[-0.5367, 1.8545,
[ ©.1525, ©.9435,

0.4429,
-0.7658,
-0.92
-1.0953,

1.2796],

-1.237 1,
-0.1082],
-0.144 1])

TMPython N & [Frandom B | B8 — A e AMFEAEL . AN THI PRt 45 1 o] LA
e KERREA(E, numpy.randomblt 7 A IE— MR
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In [240]: from random import normalvariate
In [241]: N = 1000000

In [242]: %timeit samples = [normalvariate(@, 1) for _ in range(N)]
1.77 s +- 126 ms per loop (mean +- std. dev. of 7 runs, 1 loop each)

In [243]: %timeit np.random.normal(size=N)

61.7 ms +- 1.32 ms per loop (mean +- std. dev. of 7 runs, 10 loops each)

FAVUIX LR 2 P BEHLEL, 2 RO e A 1 e i SRk B TR AL A s A7, ERfE YRR 264 T AR
B . AR AT BLFINumPyInp.random.seed 5 B BEH L5 AE il -

In [244]: np.random.seed(1234)

numpy.random a4 B R B T &R BIBENLAE 7. B A RARAS,  URAT DA
numpy.random.RandomState, 15— ™5 & B 25 ¥ bl HL A A B S -

In [245]: rng = np.random.RandomState(1234)

In [246]: rng.randn(10)

out[246]:

array([ 0.4714, -1.191 , 1.4327, -0.3127, -0.7206, ©0.8872, 0.8596,
-0.6365, 0.0157, -2.2427])

#4-85 1 T numpy.random (R BRI E. AE R, BOKELE U] I A R - TR AE AR
KEFAERITES] .

#4-8; ZA numpy.randomig ]

BR &1 1t AR

seed HE A E R T

permutation IRE—FF g FEHLHES SR B — N FEALHES RYSE B

shuffle X — 5 st AL HE S

rand FEHIHHERNE

randint M ER £ TIREE A ISR E L

randn FEEESSH (CFHENR0, FEZENT) HHEARE, XUTMATLABE M
binomial FEZMSHHNEAE

normal FEES (58 2HFERE

beta FEHEBetar M ERE

119



=4-8: Zonumpy.randomF ] (&)

BR £ 15t AH
chisquare FERATHNERE
gamma FHEGamma N HERE

uniform FEEDD VRIS HHERE

4.7 7Bl BENLIE D

A BB D R U AT iE I BAHIE 5 . ek E — AT BN LIE B 0] 7 INOTT4A,
DRAM — 1T BLIBER AR S

TR ANl A B random ik L 4liPython ¥ 7 3 S2E1 10008 1 BEHLIZ 4«

In [247]: import random
.....: position = @
«....: walk = [position]
.....: Steps = 1000
.....: for i in range(steps):
560008 step = 1 if random.randint(©, 1) else -1
000008 position += step
R walk.append(position)

Pl 4-4 72 K% AT 100/ REALIE D B 2E B T 2814 -

In [249]: plt.plot(walk[:100])
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14

12

10

0 20 40 60 80 100
AHER Y, RESEEUREENLE D AP R, AU — M EIE R SEEL. R, A
np.random e — et BEAL £ 1000 SR8 745 2R CEIPRDN SR ATE— A, K H 200 B E 91
—1, RETHERITA:

In [251]: nsteps = 1000

In [252]: draws = np.random.randint(©, 2, size=nsteps)

In [253]: steps = np.where(draws > 0, 1, -1)

In [254]: walk = steps.cumsum()

A VIR HE L R, BATIT LT E 8 D B AR S5 TAE 1, e sk BGR KE A i/ ME :

In [255]: walk.min()
Out[255]: -3

In [256]: walk.max()
Out[256]: 31

PHERE — DN ER GRS —— X I TR, BIBEALIE D R 5 — IR BIIA ARy e A
] B BATEZEREARRBENLIE P 5 E 2 AL REFE B AIR0 R 20100 (D5 ] .
np.abs(walk)>=107] LAG 8] — M /R BUHUH, ERR KRR B2 A B el 10, A4 250
EHZH M0 —10MEK 5. AT AT argmac i X A il i, 2R 8] 12 1241 /R A 28— A
RAMEMET] (Truest 2 & KME) -
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In [257]: (np.abs(walk) >= 10).argmax()
Out[257]: 37

R, XA HargmaxHEARIBEN, FovE e i e Bl e . R+, H
BRI T —ATrue, IEATHFE T LN AME T -

— ORI 2 A BEALIE

HHBENLIE LT E. R E%Snumpy.random PR N —A> oo nl U= A — > 4504, R
Ja FAT AT PA— P 5000 4 FEALIE D FE (—AT—AY) BIRITFT .

In [258]: nwalks = 5000

In [259]: nsteps = 1000
In [260]: draws = np.random.randint(©, 2, size=(nwalks, nsteps)) # 0 or 1
In [261]: steps = np.where(draws > 9, 1, -1)
In [262]: walks = steps.cumsum(1)
In [263]: walks
Out[263]:
array([[ 1, 9, 1, ..., 8, 7, 8],
[ 1, o, -1, ..., 34, 33, 32],
[ 1, o, -1, ..., 4, 5, 4],
[ 1, 2, 1, ..., 24, 25, 26],

3

1
[ 1, 2, 3, ..., 14, 13, 14],
[ -1, -2, -3, ..., -24, -23, -2211)

BUE, AR R PA BENLIE D I R 1 S KA AN /M -

In [264]: walks.max()
out[264]: 138

In [265]: walks.min()
out[265]: -133

BRI 2 )5, BATRIF 308 — 300 e/ NGBk (] . IX B Ak, DA E5000 1
FE#E)IL 1300 FATAT LU any 77 VR0 th b AT 6 7 -

In [266]: hits30 = (np.abs(walks) >= 30).any(1)
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In [267]: hits30
Out[267]: array([False, True, False, ..., False, True, False], dtype=bool)

In [268]: hits3@.sum() # Number that hit 30 or -30
Out[268]: 3410

SR S BT I A AR B B 2E e H AL 5B T30 (ZEXHED IBENLIE S (A7) . IFI HargmaxfE
bR R 1]

In [269]: crossing_times = (np.abs(walks[hits30]) >= 30).argmax(1)

In [270]: crossing_times.mean()
Out[270]: 498.88973607038122

Al A A 28 D Bt . A RIS B REA LR S ps 2B AT, Ginormal A AR 1k
i E SRR A 22 0 1E 25 20 A1 B «

In [271]: steps = np.random.normal(loc=0, scale=0.25,
..... : size=(nwalks, nsteps))

4.8 7515

BIRAPRI T I 25 KA 52 Hlpandas UBE Bt . FRATTi4 R 2 F BARAR 2 T Bl it 5. 2R
AT, FATERANSZHENUMPY R i, 13— 20 2 ST 45T
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pandas/E AP G SN A B . & E A S EEIE B AN /B AR AR5 T PR 7 B ) B 45 A AT
fETH. pandas&# A e TH—FMEH, WHETHH T HENumPyMISciPy, 747 /% statsmodels
Miscikit-learn, FI%#E il M4k ZEmatplotlib. pandas /&3t TNumPy$ 2l (), Hril ek T84
BRI BRI AN FH for 5 34 1) B Ak 2

ERpandas KA T KEFMINumPyZ g XE&, (H =i KA E & pandasie % ]y db B 45 AR 24
B v, T NumPy 5 & A AL PR S — O BB B B0

H M20104FpandasH i LA>K, pandasiZii it h—ANEEH KIIE, MH T2 BLEp. HFRkE
FEIX CVEH T 800 AL I TTRRAE ,  AATTE R ke o 50 il R [ B ik AN I H S A DTk .

FEAF RS T, PR N XA K pandas 5 A 45 :

In [1]: import pandas as pd

ik, REYREAR T ERpd., #EMETX £pandas. [H lySeriesfDataFrameH (1) HCIE &
%, FTLLR 5] N Aty 42 25 18] 2 56 5 {8

In [2]: from pandas import Series, DataFrame

5.1 pandas 1) £ 4 25 1 /- 48

Effi lpandas, RE GG AREHMHAFELIELEH: SeriesfiDataFrame. SR EA 1A RE
fR LT A A, AHEAT R ZEN R T —Fh TSR 5 0 i 2t

Series

Seriesse — MR T —4EHAMNK G, ©H—HEHE (FMNumPyE R DUA—H 5 2 Mk
FIEEARZE (RIZRS1D . X i — 250 R AT 7= A= £ 3 B f Series:

In [11]: obj = pd.Series([4, 7, -5, 31)

In [12]: obj
Out[12]:

0 4

1 7
2 -5
3 3
dtype: int64

Series P RIIERN: REELD, HELAD. HTRAEE MEIETRERS], TE&E3
B —N0FIN-1 (NABHEKE) B RS . /Re] LA Series ff)valuesFlindex & P4 3R HL
HEHR R AR B 5T A
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In [13]: obj.values
out[13]: array([ 4, 7, -5, 3])

In [14]: obj.index # like range(4)
Out[14]: RangeIndex(start=0, stop=4, step=1)

W, A B Pl i Series iy A7 — AN AT LAX AN s ST ARG &R 51 -
In [15]: obj2 = pd.Series([4, 7, -5, 3], index=['d"', 'b', "a', 'c'])

In [16]: obj2

Out[16]:
d 4
b 7
a -5
[« 3

dtype: int64

In [17]: obj2.index
Out[17]: Index(['d', 'b', 'a', 'c'], dtype='object")

5 HENumPY S LE,  YRTTBLE 2 5] 977 300k B Series Hh A HA> B — 2 4K -

In [18]: obj2['a"]
Out[18]: -5

In [19]: obj2['d'] = 6

In [20]: obj2[['c', 'a', 'd']]

Out[20]:
[« 3
a =5
d 6

dtype: int64

[c,'a, 'dVER5| 5K, BRI e &I 75 A 2450
un

fi FANUmPy p8 G UINUmMPY (132 55 CUniR S A /R REBALEAT I8 . A Eofeid. B A R 3

) M IR R SHA M

In [21]: obj2[obj2 > @]

out[21]:
d 6
b 7
[« 3

dtype: int64
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In [22]: obj2 * 2

out[22]:
d 12
b 14
a -10
C 6

dtype: int64

In [23]: np.exp(obj2)

Out[23]:

d 403.428793
b 1096.633158
a 0.006738
C 20.085537

dtype: float64

W] LUK SeriesE e — AN E KA P 7t BONE R R IHERIEHRE I — B . e rT BLHFEYF
2 AT B S e o

In [24]: 'b"' in obj2
Out[24]: True

In [25]: 'e' in obj2
Out[25]: False

U SR EE A7 AE — A Python=z i rp, ] DL B Hd i ix A~ 415k 61 i Series:
In [26]: sdata = {'Ohio': 35000, 'Texas': 71000, 'Oregon': 16000, 'Utah': 5000}
In [27]: obj3 = pd.Series(sdata)

In [28]: obj3

out[28]:

Ohio 35000
Oregon 16000
Texas 71000
Utah 5000

dtype: int64

RN AL, S5 R Series 1R I AU R I KB CAFHSD o URATBMEAHELF 71
- UL 1) DL SR

In [29]: states = ['California’, 'Ohio', 'Oregon', 'Texas']
In [30]: obj4 = pd.Series(sdata, index=states)
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In [31]: obj4

Out[31]:

California NaN
Ohio 35000.0
Oregon 16000.0
Texas 71000.0

dtype: float64

FERXAIT, sdatarb iR states 2 51 AH ULAC R AR 3AME 2 3k R I ICRIA N A2 B b, (B

T"California"fir4f i ffjsdatafE & A2, fir LA

HeERw INaN (EI“9E%+” (not a number) , 7

pandasH', THTFRRHKENAED . B Utah AEstatesH, E# ML R FER %

PHE B (missing) BINAR R EHE . pandasiisnullFnotnull b %5 ] F 46 I sk 2k 44
P

Seriesth A FALPI S 512

FRORGAE B8 7 5 VR G A S e Ab Pk R A

In [32]: pd.isnull(obij4)
Out[32]:

California True
Ohio False
Oregon False
Texas False
dtype: bool

In [33]: pd.notnull(obj4)

Out[33]:

California False
Ohio True
Oregon True
Texas True
dtype: bool

In [34]: obj4.isnull()

Out[34]:

California True
Ohio False
Oregon False
Texas False
dtype: bool

XTHFZMAIT S, Seriestx EE M —PMIIRER, B MRITIZ TR T 472 5 s Fr 8k -
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In [35]: obj3

Out[35]:

Ohio 35000
Oregon 16000
Texas 71000
Utah 5000

dtype: int64

In [36]: obj4

Out[36]:

California NaN
Ohio 35000.0
Oregon 16000.0
Texas 71000.0

dtype: float64

In [37]: obj3 + obj4

Out[37]:

California NaN
Ohio 70000.0
Oregon 32000.0
Texas 142000.0
Utah NaN

dtype: float64

el S D RERAE 5 TH VEAN U . A SRR L B e, AR AT LA 2 2K Bl join i #R 4
SeriesXt A & L H R 540G — P namegtt, ZJE M Rpandas HAth I S8 ThE o RAEH % U
In [38]: obj4.name = 'population’
In [39]: obj4.index.name = 'state’

In [40]: obj4

out[40]:

state

California NaN
Ohio 35000.0
Oregon 16000.0
Texas 71000.0

Name: population, dtype: float64

Series|?) 2 51 AT PLd ik TRAE 1) 77 At s o

In [41]: obj
Out[41]:
(%] 4
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1 7
2 =5
3 3
dtype: int64

In [42]: obj.index = ['Bob', 'Steve', 'Jeff', 'Ryan']

In [43]: obj
Out[43]:

Bob 4
Steve 7
Jeff -5
Ryan 3

dtype: int64

DataFrame

DataFrameje — MRS EIR S, ©EHA—HAFTHH], FHITLEARMERE E. F
Fref . A/RMESE) o DataFrameBE AT R I WA SRS, B0 UIKE i tH SeriesZH il 74 (JLH
[—/N25]) . DataFrame ™ ({5 & Lh— A2 AN Z4EAFRUN CGRiAEFIR . =3 sl 3 1 —4E
A4ty o A KkDataFrame Al BRI e e i tH 1 A B i 18 (178 [l o

#id: HiRDataFramejt DA 4ESEH ORAF IR, (EARDSIR AT LA FA HCRE FL R0 B v 4 12
EE 2R GRS RLEE ), X EpandasH ¥ 2 m s AL FE D RE K OCHESE R, A1)
RAEHBEIHEIXAN D

i DataFrameffI/MNEARZ , &K — Mg BiEtE A4 SRR BINumPy £ 4H 4 B 7

N

data = {'state': ['Ohio', 'Ohio', 'Ohio', 'Nevada', 'Nevada', 'Nevada'],
'year': [2000, 2001, 2002, 2001, 2002, 2003],
'pop': [1.5, 1.7, 3.6, 2.4, 2.9, 3.2]}

frame = pd.DataFrame(data)

s DataFrame<: H N F'& 5] (EESeries—#E) , H Y| E T HE

In [45]: frame
Oout[45]:

pop state year
1.5 Ohio 2000
o7 Ohio 2001
3.6 Ohio 2002
2.4 Nevada 2001
2.9 Nevada 2002
3.2 Nevada 2003

ui b W N PO
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YRR AL ) & Jupyter notebook, pandas DataFrameit %2> LS U 5% & i HTMLZE % 1) )5 38
E?Efy_l o

Xt F 45 A K ffiDataFrame, head J7 2 &5 S BT F47 -

In [46]: frame.head()
Out[46]:

pop state year
5 Ohio 2000
7 Ohio 2001
.6 Ohio 2002
4 Nevada 2001
9 Nevada 2002

A W N P O
N N W R

RS E THIFS, N DataFrame 51 <42 I F5 & 5 7 247 HE -

In [47]: pd.DataFrame(data, columns=['year', 'state', 'pop'])
Out[47]:

year state pop

2000 Ohio
2001 Ohio
2002 Ohio
2001 Nevada
2002 Nevada
2003 Nevada

vi b W N PO
w N N W R
N O R OO N U

U ARAR NI BIAERE TR IR AN R, L AESE R A AR R AR

In [48]: frame2 = pd.DataFrame(data, columns=['year', 'state', 'pop', 'debt'],
ceell index=['one', 'two', 'three', 'four',

00008 "five', 'six'])

In [49]: frame2
Out[49]:
year state pop debt

one 2000 Ohio 1.5 NaN
two 2001 Ohio 1.7 NaN
three 2002 Ohio 3.6 NaN
four 2001 Nevada 2.4 NaN
five 2002 Nevada 2.9 NaN
six 2003 Nevada 3.2 NaN

In [50]: frame2.columns
Out[50]: Index(['year', 'state', 'pop', 'debt'], dtype='object')

Rl s bRe i R EE M U7 20, BT BUK DataFrame 41 3R By — 4 Series:
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In [51]: frame2['state’]

Out[51]:

one Ohio
two Ohio
three Ohio
four Nevada
five Nevada
six Nevada

Name: state, dtype: object

In [52]: frame2.year

Out[52]:

one 2000
two 2001
three 2002
four 2001
five 2002
six 2003

Name: year, dtype: int64
240 IPythondfit 72 ERIVi 1) (Riframe2.year) Fltabth4:. frame2[column]i& T
AT 5%, {HZEframe2.column A 7E51 4 & — A& L [ PythonE i 44 I A 1dE H
R, R Seriestifi JiiDataFrametH[F 1% 5, HIHname& It O &P AH S B L T .
AT AT DLE A7 B B A FR A AT SRE,  EhtnHloc/@ M (Y5 K ek B b AT VELE R -

In [53]: frame2.loc[ three']

Out[53]:

year 2002
state Ohio
pop 3.6
debt NaN

Name: three, dtype: object

F AT CLidE I TR )7 S AT B . i, BRATTAT AZE AR 2= (" debt" SR _E— MR g ol — 2L fE -

In [54]: frame2['debt'] = 16.5

In [55]: frame2
Out[55]:

year state pop debt
one 2000 Ohio 1.5 16.5
two 2001 Ohio 1.7 16.
three 2002 Ohio 3.6 16.
four 2001 Nevada 2.4 16.
five 2002 Nevada 2.9 16.

vl U1 U1 Ul
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six 2003 Nevada 3.2 16.5
In [56]: frame2['debt'] = np.arange(6.)
In [57]: frame2

Out[57]:
year state pop debt

one 2000 Ohio 1.5 0.0
two 2001 Ohio 1.7 1.0
three 2002 Ohio 3.6 2.0
four 2001 Nevada 2.4 3.0
five 2002 Nevada 2.9 4.0
six 2003 Nevada 3.2 5.0

B9 BB S A FIE,  HAK iR DataFrame K FEARDTAD . 40 SR (1 & — A
Series, EteHEHILACDataFrameft) &R 5], i B AL 3E LS JAE

In [58]: val = pd.Series([-1.2, -1.5, -1.7], index=['two', 'four', 'five'])
In [59]: frame2['debt'] = val
In [60]: frame2

Out[60]:
year state pop debt

one 2000 Ohio 1.5 NaN
two 2001 Ohio 1.7 -1.2
three 2002 Ohio 3.6 NaN
four 2001 Nevada 2.4 -1.5
five 2002 Nevada 2.9 -1.7
six 2003 Nevada 3.2  NaN

A BB 20U — A7 5 . S del FI TR 91
YEJudel 17, A —MEr A /R, states2 75 4'Ohio':
In [61]: frame2['eastern'] = frame2.state == 'Ohio’
In [62]: frame2

out[62]:

year state pop debt eastern

one 2000 Ohio 1.5 NaN True
two 2001 Ohio 1.7 -1.2 True
three 2002 Ohio 3.6 NaN True
four 2001 Nevada 2.4 -1.5 False
five 2002 Nevada 2.9 -1.7 False
six 2003 Nevada 3.2 NaN False
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R AREHlframe2.easternf &5 1141
del 75T LA RN BRIZ 51
In [63]: del frame2['eastern']

In [64]: frame2.columns
Out[64]: Index(['year', 'state', 'pop', 'debt'], dtype='object')

R BRI AR EIR ) R AR AR AL, SRR, Rk, KR EE
Series T AR i S 4 4R 4 Ik B DataFrame _E . i1t Seriesffjcopy /7 i: I A 15 &
=%,

T3 FHE DL BB T 3 R

In [65]: pop = {'Nevada': {2001: 2.4, 2002: 2.9},
'Ohio': {2000: 1.5, 2001: 1.7, 2002: 3.6}}

I 7 S A6 4 DataFrame, pandasilt & RRE Jy: SR SIGHEIENTI, PREIIIE 172
gl

In [66]: frame3 = pd.DataFrame(pop)

In [67]: frame3

Out[67]:

Nevada Ohio
2000 NaN 1.5
2001 2.4 1.7
2002 2.8 3.6

PRt ] DU ZRAINumPY S04 14 7775, XfDataFramei#t /744 &5 (ZZ AT FI%1)) -

In [68]: frame3.T
Out[68]:

2000 2001 2002
Nevada NaN 2.4 2.9
Ohio 1.5 1.7 3.6

WETFIMR ST HP OB m ARG . WRMEEE 7 RS9, WA

In [69]: pd.DataFrame(pop, index=[2001, 2002, 2003])

Out[69]:

Nevada Ohio
2001 2.4 1.7
2002 2.S 3.6
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2003 NaN NaN

HH SeriesZH i 1) 1 72 AN 2 002 —FE

In [70]: pdata = {'Ohio': frame3['Ohio"][:-1],
50008 'Nevada': frame3['Nevada'][:2]}

In [71]: pd.DataFrame(pdata)

out[71]:

Nevada Ohio
2000 NaN 1.5
2001 2.4 1.7

#5-1%1 1 T DataFrame#) it iR BT e 252 10 25 AP s
#&5-1: OJLARi A DataFrameiiS g8 09503

e il 1 BR

—“Endarray IR, E o] UE ATTHRHS AR

hEE., RS TTEARNFH BPFISEMDataFramef—3, BRI KE
WAz [E)

NumPyBIEE A4k /1C R E A KT “BEAANNTA”

FaSeriesARL M F H FSeriesz A5, WREZEEREERS, U
ZSeriesMES | EHWEHNERMITE S

R S84 PR B9 7 e ENEFHRESHU I, BEHEHAERENTE
5|, BR “HSeriesfHR M FHM” BN —HF

F sl Seriesf% F EIE S A ADataFramefy—417, FHL§ ) Series& 5|
I EHF S A A DataFramef9%1 #x

M7= T HEA R & FKLF ““#4Endarray”

5 —“DataFrame ZDataFrameMZEsIBS#ER, BREEREETH
fthz 5|

NumPyHMaskedArray KU+ ““#ndarray’ HER, REBEUREETER

DataFrame= ZE i NA/GE K H

% B 1 DataFrameftjindexflcolumnsiiname@ {4, MiX (s B2k SR k.

In [72]: frame3.index.name = 'year'; frame3.columns.name = 'state’

In [73]: frame3
Out[73]:

state Nevada Ohio
year

2000 NaN 1.5
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2001 2.4 1.7
2002 268

fiSeries—F£, values)& It 2: L —4Endarray {17 3 [2] DataFrame 1 504k -

In [74]: frame3.values
Out[74]:
array([[ nan, 1.5],

[ 2.4, 1.7],

[ 2.9, 3.6]])

1R DataFrame &% 41 (R B AN R, WUME A ZH (Y dtype sl 23 108 Y BE A i A B O B 28 7R «

In [75]: frame2.values

Out[75]:

array([[20600, 'Ohio', 1.5, nan],
[2001, 'Ohio', 1.7, -1.2],
[2002, 'Ohio', 3.6, nan],
[2001, 'Nevada', 2.4, -1.5],
[2002, 'Nevada', 2.9, -1.7],
[2003, 'Nevada', 3.2, nan]], dtype=object)

RE| X%

pandasf) 2 51 %) G b 5T B bR A A A el (b A k%) o # i SeriesEiDataFrame
IF, T FH 2 AT ] H 2H B A P 51 AR bR 25 A 2 e 3 il — N Index:

In [76]: obj = pd.Series(range(3), index=['a', 'b', 'c'])
In [77]: index = obj.index

In [78]: index
Out[78]: Index(['a', 'b', 'c'], dtype='object")

In [79]: index[1:]
Out[79]: Index(['b', 'c'], dtype='object")

Index X SAAFIAL ), K T AN RERT HEAT 1B 2
index[1] = 'd' # TypeError

ANAIAE AT LU Indexcxt RAE 2N Bl 45 4 2 R 22 A A

In [80]: labels = pd.Index(np.arange(3))
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In [81]: labels
Out[81]: Int64Index([@, 1, 2], dtype="int64")

In [82]: obj2 = pd.Series([1.5, -2.5, 0], index=1labels)

In [83]: obj2

Out[83]:
(%] 1.5
1 -2.5
2 0.0

dtype: float64

In [84]: obj2.index is labels
Out[84]: True

R BORH P AFELE M IndexIThag, (RNt A4 sl S 9 R 511 %
., AT TR ZIREEN,

B 7RI HAL,  Index ) Thfg R — AN R/HIEE G
In [85]: frame3

out[85]:
state Nevada Ohio

year
2000 NaN 1.5
2001 2.4 1.7
2002 2.9 3.6

In [86]: frame3.columns
Out[86]: Index(['Nevada', 'Ohio'], dtype='object', name='state')

In [87]: 'Ohio" in frame3.columns
Out[87]: True

In [88]: 2003 in frame3.index
Out[88]: False

Lpythonf4E& A [H, pandasfiiindexn] At & 5 & HIFRE:
In [89]: dup_labels = pd.Index(['foo', 'foo', 'bar', 'bar'])

In [90]: dup_labels
Out[90]: Index(['foo', 'foo', 'bar', 'bar'], dtype='object')

WHE SIS, S ERITA R4S
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BARIHA —LTPEMENE, AT T I BRI B A R 5 I E & R i H L
RE-2FH T IR LR

7%5-2: IndexByAEFBE M

Fik 1% A

append EEA—PIndexXM &R, FE—PFHIndex
difference HEEZ%, HEE—"Index

intersection HTEZE

union HEHE

isin HTE—MErREERSHESESHE SR A RELHA
delete MRS TE, HEEFEIndex

drop MR ENRIE, FHEE HHIndex

insert BrEBAZRSIIL, FFEFHIndex
is_monotonic YEXEWAKFEFI—ITITER, RETrue
is_unique Lindex’TFEEEER, RETrue

unique TTHEIndexF E—ER A

5.2 JE AR TN RE
A, Bk ¢HEEESeriesfliDataFrame AR O FEAR T B, J5 223 350 5 IR A b2 3

pandasfE At 7t ATACEL T ) DI fE . Ao A Epandas BRSO, T BERTE M2 S 2 Th
e, ABLEAREHRINE (Bt 2R BN E) SR REH DL RRIE.

HHR T

pandasx & ] — M HE T % Zreindex, HAFALZGIE NN R, EMEIEFENRS. BT
T )51

In [91]: obj = pd.Series([4.5, 7.2, -5.3, 3.6], index=['d"', 'b"', 'a', 'c'])

In [92]: obj
Out[92]:
d 4.5
b 7.2
a =503
[« 3.6

dtype: float64

M iZSeriesfreindex R 4EHT R 51 AT H AR IR RGME LRI AAFEAE, B ANBKAE
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In [93]: obj2 = obj.reindex(['a', 'b', 'c', 'd", 'e'])

In [94]: obj2
out[94]:
a -5.3
b 7.2
[« 3.6
d 4.5
e NaN
dtype: float64

XIS TR) PP AR FE AT 7 Bt SR 2R 51 I AT RE 5 240 Le 4@ fE AL B . method iz T BT AT ik 21tk H
(i, ot A AN AT DS I A [ 45 T -

In [95]: obj3 = pd.Series(['blue’, 'purple', 'yellow'], index=[0, 2, 4])

In [96]: obj3

Out[96]:

0 blue
2 purple
4 yellow

dtype: object

In [97]: obj3.reindex(range(6), method="ffill")
out[97]:

0 blue

1 blue

2 purple

3 purple

4 yellow

5 yellow
dtype: object

LfiDataFrame, reindex®] LAM&EL (A7) R M., RALESE—ANFEAIN, 28R 458017

In [98]: frame = pd.DataFrame(np.arange(9).reshape((3, 3)),
e index=['a", 'c', 'd'],
el columns=['Ohio"', 'Texas', 'California'])

In [99]: frame

out[99]:

Ohio Texas California
a 0 1 2
C 3 4 5
d 6 7 8
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In [100]: frame2 = frame.reindex(['a', 'b', 'c', 'd'])

In [101]: frame2
Out[101]:

Ohio Texas California

a
b
c
d

0.0
NaN
3.0
6.0

1.0
NaN
4.0
7.0

2.0
NaN
580
8.0

H] PLH columns <8 7 BT R 5l

In [102]:

In [103]:
out[103]:

Texas

#:5-3%11 11 T reindex R £ (11 %S H e i B .

1
4
7

states = ['Texas',

‘Utah’,

‘California’]

frame.reindex(columns=states)

Utah California

NaN
NaN
NaN

2
5
8

=5-3; reindex@HM S
SH

index

method

fill_value

[imit

tolerance

level

copy

iR

RERSIBFHES. BT IR Index3EFl, 1] INEHEMFSIE FIPython$l
BEM, IndexESWEEEA, RERXBEEEAES—#

#E (Ex) 7, ERSHIESIRS4

AEFRSIPNIRP, FTESIARIENEANBRE
AENEREETHNEAETE

RRIERGEZRT , EFEAERTERIRAREE ( BXHEEE )
ZEMultiindexMIEE LA LR EEEE RS, EMEREFE

BIAATrue, TILIEAEREH]: 0K AFalse, WEFTIAEFEHRFE H

Z2 546 € Bl L [ I

EFRFN LA TUR R, R B ARG BB R A T/ 2T L E g
HAEEAIZH, FTbldrop )y ik a2 — N E 8 2 Sl BN R 1 48 58 (B 5L

In [105]: obj = pd.Series(np.arange(5.), index=['a', 'b', 'c', 'd"', 'e'])

In [106]: obj
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Out[106]:
Q.

a (%]
b 1.0
C 2.0
d 3.0
e 4.0
dtype: float64

In [167]: new_obj = obj.drop('c")

In [108]: new_obj

Out[108]:
a 0.0
b 1.0
d 3.0
e 4.0

dtype: float64

In [109]: obj.drop(['d', 'c'])

out[109]:
a 0.0
b 1.0
e 4.0

dtype: float64

Xt-T-DataFrame, o] LAMIBRATEH ERLSME. N 7R, Se¥ird—DataFramefdl+:

In [110]: data = pd.DataFrame(np.arange(16).reshape((4, 4)),
000008 index=['Ohio', 'Colorado', 'Utah', 'New York'],

et columns=['one', 'two', 'three', 'four'])

In [111]: data

Out[111]:

one two three four
Ohio (%] 1 2 B
Colorado 4 5 6 7
Utah 8 9 10 11
New York 12 13 14 15

FFRZE 7 5 Hdrop e MATHRZE (axis 0) HIER{A::

In [112]: data.drop(['Colorado', 'Ohio'])

Out[112]:

one two three four
Utah 8 9 10 11
New York 12 13 14 15
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A 1AL 3 axis=18axis="columns' 7] LI 4 %1 (AR :

In [113]: data.drop('two’, axis=1)

Out[113]:

one three four
Ohio (%] 2 3
Colorado 4 6 7
Utah 8 10 11
New York 12 14 15

In [114]: data.drop(['two', 'four'], axis='columns')

Out[114]:

one three
Ohio 0 2
Colorado 4 6
Utah 8 10
New York 12 14

V2 K%L, Widrop, £f&kSeriesiiDataFramelf] K/NEJEAR, T AL SO &, AR [EDHT )
IS

In [115]: obj.drop('c', inplace=True)

In [116]: obj

Out[116]:
a 0.0
b 1.0
d 3.0
e 4.0

dtype: floaté64d
/el Hlinplace, &2 SBCHITA A Bk O 2040

ol VeHURI g

SeriesZ 5| (obj[...]D) HITAET R TNumPyE 2R 5], RIS SeriesfI R 5HMEA H 2 BEL.
T LA T
In [117]: obj = pd.Series(np.arange(4.), index=['a', 'b', 'c

odD)

In [118]: obj

Out[118]:
a 0.0
b 1.0
[« 2.0
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d 3.0
dtype: float64

In [119]: obj['b"']
Out[119]: 1.0

In [120]: obj[1]
Out[120]: 1.0

In [121]: obj[2:4]

Out[121]:
C 2.0
d 3.0

dtype: float64

In [122]: obj[['b', 'a', 'd']]

Out[122]:
b 1.0
a 0.0
d 3.0

dtype: float64

In [123]: obj[[1, 31]

Out[123]:
b 1.0
d 3.0

dtype: float64

In [124]: obj[ob]j < 2]

Out[124]:
a 0.0
b 1.0

dtype: float64

M RARZE ) Fr 12 5 5 8@ i Python ] Frig AR, H AR S & 5 1 «

In [125]: obj['b':"c"]

Out[125]:
b 1.0
C 2.0

dtype: float64

FA) A ] LA Series A AH N 5B 7> iHAT R E «

In [126]: obj['b':'c'] = 5

In [127]: obj
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out[127]:

a 0.0
b 5.0
[« 5.0
d 3.0

dtype: float64

M —ME BT 51 %S DataFrameidt A7 & 51 HSZAt & IR — a2 4> 41 «

In [128]:

In [129]:
Out[129]:

Ohio
Colorado
Utah

New York

In [130]:
Out[130]:
Ohio
Colorado
Utah
New York

data = pd.DataFrame(np.arange(16).reshape((4, 4)),

data

one two three

0 1 2
4 5 6
8 9 10
12 13 14

data[ "two"]

1

5

9

13

Name: two, dtype: inté64

In [131]:
out[131]:

Ohio
Colorado
Utah
New York

data[[ 'three’,

three one
2
6
10
14 12

index=['Ohio",

columns=[‘one’,

four

11
15

‘one']]

'Colorado', 'Utah', 'New York'],

"two', 'three', 'four'])

RAR G5 A TV RRIR RO & SEild U1 sl 7k 2R B 2 1 KR -

In [132]:
out[132]:

Ohio
Colorado

In [133]:
out[133]:

data[:2]

one two three
(%] 1 2
4 5 6

four
3
7

data[data[ 'three'] > 5]
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one two three four

Colorado 4 5 6 7
Utah 8 9 10 11
New York 12 13 14 15

AT HE R data[: 2]+ [ # . [ Wi s — s R, ik eRs.
MBS A /R DataFrame CELU0 R XA Hbr & LGS HA H D TR 5]

In [134]: data < 5
out[134]:

one two three four
Ohio True True True True
Colorado True False False False
Utah False False False False

New York False False False False
In [135]: data[data < 5] = @

In [136]: data

out[136]:

one two three four
Ohio (%] (%] (%] 0
Colorado 0 5 6 7
Utah 8 9 10 11
New York 12 13 14 15

X5 DataFramelt]iEi%: 5NumPy — 4E% 24 E R IR 15

FilocHliloci# {7 %k Y

XfT-DataFrame 47 bR 2 51, Il TRk AR 12 H A FlocHliloc. “EAITRT LLEAR FH 25 48L
NumPyffibric, AR (loc) B4 5] (loc) , MDataFramei& #3547 F41 1 T4E.

VERN— 1D, AEBATEL bR 1T M Z 51

In [137]: data.loc['Colorado', ['two', 'three']]

Out[137]:
two 5
three 6

Name: Colorado, dtype: int64

SR 5 Fliloc AR B AT 1 B

In [138]: data.iloc[2, [3, 9, 1]]
Out[138]:
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four 11
one 8
two ©
Name: Utah, dtype: int64

In [139]: data.iloc[2]

Oout[139]:
one 8
two

three 10
four 11

Name: Utah, dtype: inté64

In [140]: data.iloc[[1, 2], [3, 9, 1]]

Out[140]:

four one two
Colorado 7 0 5
Utah 11 8 9

KA G| R B G T MR B MR ZE I U

In [141]: data.loc[:'Utah', 'two']

Out[141]:

Ohio 0
Colorado 5
Utah 9

Name: two, dtype: int64

In [142]: data.iloc[:, :3][data.three > 5]

Out[142]:

one two three
Colorado 0 5 6
Utah 8 9 10
New York 12 13 14

FrLh, fEpandasH', G ZANJ7E 0 LLEBURI B 40 & s . Xf T-DataFrame, #5-4i1T 1 &4,
JEMiER], EAEZMINEEITEHNERS .
i fE—JFih&itpandasit, 345 Hframel:, col B it T 28 (RS , HA
FI PR AR 5 W AHRE . B T S, B ie AR I Thae GRS REEED i Tixia
HAF . RSt , XeREFZALEN, Bl iR R85, B Llpandas 1B\ B E 6l
itilocHllilocia ST o BIAL B AR L T AR MR RG] . iXisEARATH, HIEARHE .
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A Lk

df[val] M DataFrame BB F|sk—HF|; ERFHRFEN T HERER]: A/REEHE I
#iT) - V1R UF¥R) . 8 /RE DataFrame (HRIBHEREE)
df. loc[vall Bt RS, $%EE DataFrame )8 MTE—4H AT

df. loc[:, wall

n%, RBFIRTTE

W, FERFEBTS

df. loc[vall, walZ]

df. iloc[:, wherel

BENE, M DataFrame i EXE/ N FIELF| FE£

A
i

df. iloc[where] BEEEHAE, M DataFrame BB/ MTEAIT F&E
DUl

BHME, FRNZBITMG

df. iloc[where_i,

where_j]

df. at [1abel i, EATRFIRE, ERE—HRE

label_j]

MFIPMNE (BH) , BERE—HFE

df. iat[i, j]

AT
reindex @ﬂﬁﬁiﬁﬂlﬁﬁﬂ
B AT TR E—E

zet_value,

set_value

LS|

AL B K 5] fIpandasi R W LR T, ON'E S Python W & I FIR AT A KR 51 1R EA A .
Blhn, ARATREAS AN A CRS 2 6

ser = pd.Series(np.arange(3.))
ser

ser[-1]

XM, pandas] UL AT R R 5], (HE S 3BV bug. HATERE0,1,20% 5], (HEFIAH
JURERIRI (TR BRIR S 1R

In [ ]: ser
Out[ 1:

dtype: floaté64

Foh, KT ARBERG, ARG
In [145]: ser2 = pd.Series(np.arange(3.), index=['a', 'b', 'c'])

In [ 1: ser2[-1]
Out[ 1:
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NT TG —, WNMRERG]SE B, BuRaBa SRS, N T EAER, 1568 Hloc (hrg)
diloc CEHD

In [147]: ser[:1]
out[147]:

(%] 0.0

dtype: float64

In [148]: ser.loc[:1]

Out[148]:
(%] 0.0
1 1.0

dtype: float64

In [149]: ser.iloc[:1]
Out[149]:

(%] 0.0

dtype: float64

BRI FANHAE X 5%

pandas ik E E 1) —NIEEE, B DAFER 5RO SO T EARZE . R RARINN, AR
FEARRGIN, WERBRIMEZRIISIIEE. ST HERELEE T, X ER 55
% BT BBhANER. BN T

In [150]: s1 = pd.Series([7.3, -2.5, 3.4, 1.5], index=['a', 'c', 'd', 'e'])

In [151]: s2 = pd.Series([-2.1, 3.6, -1.5, 4, 3.1],

index=['a‘, 'c', 'e', 'f', 'g'])

In [152]: s1

Out[152]:
a 7.3
[« =205
d 3.4
e 1.5

dtype: float64
In [153]: s2
Out[153]:

a =2odk

C 3.6

e 1.5

f 4.0

g 3.1
dtype: float64
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Belmmyier 4.

In [154]: s1 + s2
Out[154]:

a 5.2

C 1.1

d NaN

e 0.0

f NaN

g NaN
dtype: float64

H 3 BHE A R EEA RSN R I GIN TNAE. SRS ARIEH IR L,
X} FDataFrame, XI55#/E < AR &K ATEAT FI %] L

In [155]: df1l

et index=['Ohio"', 'Texas', 'Colorado'])

pd.DataFrame(np.arange(9.).reshape((3, 3)), columns=1list('bcd"),

In [156]: df2

..... : index=['Utah', 'Ohio', 'Texas', 'Oregon'])

pd.DataFrame(np.arange(12.).reshape((4, 3)), columns=1list('bde"),

In [157]: df1l

out[157]:
d
Ohio 0.0 1.0 2.0
Texas 3.0 4.0 5.0
Colorado 6.0 7.0 8.0
In [158]: df2
out[158]:
b d e
Utah 0.0 1.0 2.0
Ohio 3.0 4.0 5.0
Texas 6.0 7.0 8.0
Oregon 9.0 10.0 11.0

ARG B2k Bl —A#r DataFrame, 2 51 151 4 JE K A5 5 DataFrame [t -4«

In [159]: dfl + df2

Out[159]:

b c d e
Colorado NaN NaN  NaN NaN
Ohio 3.0 NaN 6.0 NaN
Oregon NaN NaN NaN NaN
Texas 9.0 NaN 12.6 NaN
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Utah NaN NaN NaN NaN

A e B ATE A ~DataFrame Xt G, 7ESE b DLSEH 2. 1T 02 FAE.
S DataFramext Z A0, #AFLHMFIEATIRZE, 25 RS2

In [160]: dfl

pd.DataFrame({'A"': [1, 2]1})
In [161]: df2 = pd.DataFrame({'B': [3, 4]})

In [162]: dfl
Out[162]:
A
0 1
1 2

In [163]: df2
out[163]:
B
0 3
1 4

In [164]: dfl - df2
out[164]:
A B
© NaN NaN
1 NaN NaN

FEHEAR I ETIETEME

FERIAN AR 5] 0 AT AR, AR A 82— DX R b AN AR AE 5 — X A 2
378 — MR (ELnod -

In [165]: dfl = pd.DataFrame(np.arange(12.).reshape((3, 4)),
et columns=1list('abcd"))

In [166]: df2

et columns=1list('abcde"))

pd.DataFrame(np.arange(29.).reshape((4, 5)),

In [167]: df2.loc[1, 'b"'] = np.nan

In [168]: df1
Out[168]:

a b
0 0.0 1.0 2.0 3.0
1 4.0 5.0
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2 8.0 9.0 10.0 11.0

In [169]: df2
Out[169]:

a b c d e
0.0 1.0 0 3.0 4.0
5.0 NaN 7.0 8.0 9.0

10.0 11.0 12.0 13.0 14.0
15.06 16.0 17.0 18.0 19.0

w N P o

e me:, WA =S E M2 AENATK:

In [170]: dfl + df2

Out[170]:

a b C d e
0 0.0 2.0 4.0 6.0 NaN
1 9.0 NaN 13.6 15.0 NaN
2 18.0 20.0 22.0 24.0 NaN
3 NaN NaN NaN NaN NaN

f Fdf1 fadd /7%, 4 Ndf2EL K —AMill_value 4

In [171]: dfl.add(df2, fill_value=0)
Out[171]:
a b C d e
0 0.0 2.0 4.0 6.0 4.0
1 9.0 5.0 13.0 15.0 9.0
2 18.0 20.0 22.0 24.0 14.0
3 15.0 16.0 17.0 18.0 19.0

#25-5%|H T SeriesflDataFramefI H AR 7% EATENEE — R4, LFRrrk, ©oiits
Bl RIIX PN ER) M

In [172]: 1 / df1
Out[172]:

a b C d
0 inf 1.000000 0.500000 ©0.333333
1 ©0.250000 0.200000 0.166667 ©.142857
2 0.125000 0.111111 ©.100000 ©.090909

In [173]: dfl.rdiv(1)
Out[173]:

a b C d
0 inf 1.000000 ©0.500000 ©0.333333
1 0.250000 0.200000 0.166667 ©0.142857
2 0.125000 0.111111 ©.100000 ©.090909
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FiE .85

add, radd BT (+) mAs
sub, rsub AT () B

div, rdiv RAThE (0 BIFE

floordiv, rfleordiv | FFER (1) B1HE
mil, rmil AT (%) MR
pow, rpow FATIaEr (=) BAE

k2L, fEXtSeriesaiDataFrame ¥ & 5], A LATEE — ME 7 :

In [ ]: dfl.reindex(columns=df2.columns, fill_value=0)
Out[ 1:

a b C d e

DataFrame#lSeries 2 ] [{)iz &

PR [E) 45 2 NumPy %4l —#¢, DataFramefliSeries2 [A| 5 ARz H A WIHIE K. JokE—
NEA B RERE T, R GRS AT 2 ) 2

In [ 1: arr = np.arange( ).reshape((3, 4))

In [ 1: arr

Out[ 1:

array([[ s p s 1,
[ s ) s 1,
[ s > s 1D

In [ 1: arr[0]
out[177]: array([ ©., , D 1

In [ 1: arr - arr[@]

Out[ 1:

array([[ @., s s 1,
[ 4 s s 1
[ 8., s s 1D
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] Marri a0, A (AL IITIEAMRIE. it ) #& (broadcasting) . HiFAK XTI
BT VELN P . DataFrameflSeries 2 1] ff)ia 5 25 AN £ th &

In [179]: frame = pd.DataFrame(np.arange(12.).reshape((4, 3)),
..... : columns=1list('bde"),
000008 index=['Utah', 'Ohio', 'Texas', 'Oregon'])

In [180]: series = frame.iloc[9]

In [181]: frame

out[181]:

b d e
Utah 0.0 1.0 2.0
Ohio 3.0 4.0 5.0
Texas 6.0 7.0 8.0
Oregon 9.0 10.0 11.0

In [182]: series

Out[182]:
b 0.0
d 1.0
e 2.0

Name: Utah, dtype: float64

ERINEML T, DataFrame#iSeries [A] [ H A1z B 2% Seriest) % 5] UL 3| DataFrame ¥ %1, )5
WSEATHIA R %

In [183]: frame - series

Out[183]:
Utah (%]
Ohio 3.0
Texas 6
Oregon 9

IR EA R 5 {HAEDataFrame ) 51 5 Series 1% 51 HRAZI, WIS 5125 M PIASxF Gust 2 i B R
51 LR I -

In [184]: series2 = pd.Series(range(3), index=['b"', 'e', 'f'])

In [185]: frame + series2
Out[185]:

b d e f
Utah 0.0 NaN 3.0 NaN
Ohio 3.0 NaN 6.0 NaN
Texas 6.0 NaN 9.0 NaN
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Oregon 9.0 NaN 12.0 NaN

URARAY BULECAT HAES L) 3%, W2 S ARIZ 575 flan:

In [186]: series3 = frame['d']

In [187]: frame

Out[187]:

b d e
Utah 0.0 1.0 2.0
Ohio 3.0 4.0 5.0
Texas 6.0 7.0 8.0
Oregon 9.0 10.0 11.0

In [188]: series3

out[188]:

Utah 1.0
Ohio 4.0
Texas 7.0

Oregon 10.0
Name: d, dtype: float64

In [189]: frame.sub(series3, axis='index")

out[189]:

b e
Utah -1.0 0.0
Ohio =il,@ (@
Texas -1.0 0.0
Oregon -1.0 0.0

FE NI ST 52 A HICEC . EABI, BRATH H K2 UL DataFrame117% 5| (axis='index'
or axis=0) AT .

BR) ZI0 S FH AT
NumPyffjufuncs (JCERZEH 7)) ta] ] T#fEpandast % :

In [190]: frame = pd.DataFrame(np.random.randn(4, 3), columns=1list('bde'),
000008 index=['Utah', 'Ohio', 'Texas', 'Oregon'])

In [191]: frame
Out[191]:

b d e
Utah -0.204708 0.478943 -0.519439
Ohio -0.555730 1.965781 1.393406
Texas 0.092908 0.281746 0.769023
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Oregon 1.246435 1.007189 -1.296221

In [192]: np.abs(frame)

out[192]:

b d e
Utah 0.204708 ©.478943 ©.519439
Ohio 0.555730 1.965781 1.393406
Texas 0.092908 ©0.281746 ©.769023
Oregon 1.246435 1.007189 1.296221

T NHE LB, R R RN 2 el A5 81 AT T A — 4ER AL 1. DataFrame(fjapply /5 i R]
ATSCHLIE T fE -

In [193]: f = lambda x: x.max() - x.min()

In [194]: frame.apply(f)
Out[194]:

b 1.802165

d 1.684034

e 2.689627

dtype: float64

X B RS, 1HE T — A SeriesHix KA E/AMER 2, {Eframef IR FIERAT T — k. SR & —
“Series, {#FframefI5I{E %5 .

AL ighaxis="columns'Elapply, XA~ ERATIHAT

In [195]: frame.apply(f, axis='columns")

Out[195]:

Utah 0.998382
Ohio 2.521511
Texas 0.676115

Oregon 2.542656
dtype: float64

Y2 B R LU SE v D RE Bk S ER R DataFrame (1 773 ClinsumAlmean) , A TG 55 18
apply 7%

13 Fapply i R EUCAS & L AUR [B]—ANbr i, I8 7] LR [9] B 22 AME 2 % ff) Series:

In [196]: def f(x):
R return pd.Series([x.min(), x.max()], index=['min', 'max'])

In [197]: frame.apply(f)
out[197]:
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min -0.555730 0.281746 -1.296221
max 1.246435 1.965781 1.393406

TCR I Python sk £t 2 AT LA I . R ANIRAEAS Blframerh &AM RUE RS AL 777 8RBT
applymapBRI ] :

In [198]: format = lambda x: '%.2f" % x

In [199]: frame.applymap(format)

Out[199]:

b d e
Utah -0.20 0.48 -0.52
Ohio -0.56 1.97 1.39

Texas 0.09 0.28 0.77
Oregon 1.25 1.01 -1.30

Z Ly ffrapplymap, J&NSeries —NF T8 H 6 2 2 R 2 imap 75 i

In [200]: frame['e'].map(format)

Out[200]:

Utah -0.52
Ohio 1.39
Texas 0.77
Oregon -1.30

Name: e, dtype: object

e A4

WRAE A dE Ry (sorting) it — R EZ N BB, EXHTESIR I BATHY (327 Ji
FF) , Al fisort_indexJ7i%, B IR [El—> CHEFF RGBT R -

In [201]: obj = pd.Series(range(4), index=['d', 'a', 'b', 'c'])

In [202]: obj.sort_index()

Out[202]:
a 1
b 2
C 3
d 0

dtype: int64

Xt¥DataFrame, AT IRIEAT R — Nl ST HEFR «

In [203]: frame = pd.DataFrame(np.arange(8).reshape((2, 4)),
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e index=[ "three’,

000008 columns=['d",

In [204]: frame.sort_index()

out[204]:

d a b c
one 4 5 6 7
three 0 1 2 3

In [205]: frame.sort_index(axis=1)

Out[265]:

a b c d
three 1 2 3 0
one 5 6 7 4

BB AL T PR (1, (BT AR HE

'3’

‘one'],

)

‘b,

In [206]: frame.sort_index(axis=1, ascending=False)

out[206]:

d c b a
three 6 3 2 1
one 4 7 6 5

AN Series i ATHET, A f ] Hsort_valuesTii%:

In [207]: obj = pd.Series([4, 7,

In [208]: obj.sort_values()

_31 2])

Out[208]:
2 -3
3 2
o 4
17

dtype: int64

FEHEFIY, ARTERRAEIRINE 2 B F Series AR R :

In [209]: obj = pd.Series([4, np.nan, 7, np.nan,
In [210]: obj.sort_values()

Out[21@]:

4 -3.0

5 2.0

(%] 4.0

2 7.0

1 NaN
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3 NaN
dtype: float64

LHEF—~DataFrameltf, RAIEEA EARE — D DA P BRERATHF . K — DA FI 44
f&i 25 sort_values by I B ATk 211% H 1 :

In [211]: frame = pd.DataFrame({'b': [4, 7, -3, 2], 'a': [9, 1, @, 11})

In [212]: frame

Out[212]:
a b

w N P

0 4
1 7
(2 Ok
1 2
In [213]: frame.sort_values(by='b")
out[213]:
a b

(2) CE]
1 2
0 4
1 7

P ®© W N

BRI A IHATHY , AR NAFRI SR ETA]

In [214]: frame.sort_values(by=['a", 'b'])
Out[214]:
a b

P W o N

0
0
1
1

1
N NP W

HEZ 2 MATF UG — B 2B oA AR s . 321 k4 SeriesfliDataFramefjrank /572, BRIA
TSR, ranks2&m i A& H 0 Bl — N T HEL I 7 SR 28 50 &R 1

In [215]: obj = pd.Series([7, -5, 7, 4, 2, 0, 4])
In [216]: obj.rank()

Out[216]:
0 6.5
1 1.0
2 6.5
3 4.5
4 3.0
5 2.0
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6 4.5
dtype: float64

AT DU AR FE I 08t BRI 4t 42 -

In [217]: obj.rank(method="first")

out[217]:
0 6.0
1 1.0
2 7.0
3 4.0
4 3.0
5 2.0
6 5.0

dtype: float64

X, SKHOM2¥A I FHHE46.5, EATHE 617, KIvEE hAR% 06 T AR 221 Hi 1 «
PRA AT A2 o Py AT HE 44«

# Assign tie values the maximum rank in the group
In [218]: obj.rank(ascending=False, method="max")

Out[218]:
(%] 2.0
1 7.0
2 2.0
3 4.0
4 5.0
5 6.0
6 4.0

dtype: float64

25-65H 7 A H T BT 2% & ff)methodit 17 . DataFramen] LAZEATEL S it HE4

In [219]: frame = pd.DataFrame({'b': [4.3, 7, -3, 2], 'a': [@, 1, o, 1],
500008 'c': [-2, 5, 8, -2.5]})

In [220]: frame
Out[220]:

a b
4.3 -2.
7.0 5.
-3.0 8.
208 =2

w N PO
P ®© B O
uu © ®© © N

In [221]: frame.rank(axis='columns")
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Out[ 1:

a b C
Tk B
“average | BRik. TEMZHES, HEMEARTHHS
“min ERE AR

" max’ R MRS

* first’ TR SR b B IR o B

" dense’ EOT nin' B, BEAMEETTEAREEM 1, MAZEPARTEE

A B AR BRI 5
ELEI DL, JOFTA R S A RS (KA1 . BV Zpandasi@iL (I
reindex) HSELRERAIE—, (HICHEARRIMBINER. BADRA B FHK M R4 T %5 0

Series:

In [ ]: obj = pd.Series(range(5), index=['a', 'a', 'b', 'b', 'c'])

In [ ]1: obj
Out[ 1:

a

a

b

b

c

dtype: inte4

2 5| iis_unique & V5 T AT YRR E IR 75 2 ME—

In [ ]: obj.index.is_unique
Out[ ]: False

A ERERNRG], BHEERAT A EAR . EREDRFIN B ZAME, MR [ —A
Series; X RLEEAMERT, IR [0l — A HREAA

In [ ]1: obj['a"]
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Out[225]:

a

a

(%]
1

dtype: int64

In [226]: obj['c']
out[226]: 4

KA R 2, BONR S R S RIE AR 2 AT R R R

Xt DataFrame (47217 28 51 B2 At

In [227]: df = pd.DataFrame(np.random.randn(4, 3), index=['a', 'a', 'b"', 'b'])

In [228]: df
Out[228]:

cC o o 9

()
0.274992
0.886429
1.669025
0.476985

1
0.228913
-2.001637
-0.438570
3.248944

In [229]: df.loc['b"]
out[229]:

b
b

5.3 I ATtk gt

(4]
1.669025
0.476985

1
-0.438570
3.248944

2

.352917
.371843
.539741
.021228

2

.539741
.021228

pandas¥t R A — 41w F B ST ik. BATRE 48R T2 A 245t BT MSeries
HEIUEANME (WlsumBimean) kM DataFrame )47 841 42 H— 4 Series. R [FINumPy%L
TTVEAALE, EATHR I T B SRR IR A . & — M B DataFrame:

In [230]: df = pd.DataFrame([[1.4, np.nan], [7.1, -4.5],

......

In [231]: df
out[231]:
one two
a 1.40 NaN
b 7.10 -4.5
C NaN NaN
d 0.75 -1.3

[np.nan, np.nan], [©.75, -1.3]],

index=['a",

‘bll ‘CIJ ‘dI]J

columns=[‘one’, "two'])
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i H DataFrame i sum 7 25 2R [l — A5 45 51 if A ) Series::

In [232]: df.sum()

out[232]:
one 9.25
two -5.80

dtype: float64

1% N\axis="columns'saxis="114 2447347 R Flis 5 .

In [233]: df.sum(axis=1)

Out[233]:
a 1.40
b 2.60
C NaN
d =OLI55

NAME 2 B aIHGERR, BRIEEANDI A CXEIBMZTESD #ZENA, il skipnal i nl LA 1% )

e
He:

In [234]: df.mean(axis='columns', skipna=False)

out[234]:

a NaN
b 1.300
[« NaN
d -0.275

dtype: float64

RE-THIH T IR L) ] J7 1R H FH I
R”5-7: HFHENIER

priAl] ¥tAA

axis AR, DataFrameRI4THO, F/H1

skipna HEBR TR L 1E, BRIAE ATrue

level MEMEERUERESIE (BIMultiindex) , N4R & level 73 2R 29 &

A7 Cifidxminflidxmax) G2 8] 2 a3 ge T CHb ik 8 i ME s KE R RS -

In [235]: df.idxmax()

Out[235]:
one b
two d

dtype: object
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I3 BETT R R

In [236]: df.cumsum()

Out[236]:
one
1.40

NaN

Q N O w

WH M7k, BEALLRMEEAR B, describeff & — M1,

ISEo

In [237]:
out[237]:

count
mean
std
min
25%
50%
75%
max

N PP RPRP PO W W W

two
NaN

8.50 -4.5

NaN

9.25 -5.8

df.describe()

one

. 000000
.083333
.493685
. 750000
.075000
.400000
. 250000
.100000

two

. 000000
.900000
.262742
. 500000
. 700000
.900000
.100000
. 300000

YT AEBUE B R, describess 2 A2 i Ab— RIS G it

In [238]:

In [239]:
out[239]:
count
unique
top

freq

obj = pd.Series(['a’,

obj.describe()

16
3
a
8

dtype: object

'a’, 'b', 'c'] % 4)

RE-8FIH T Ay Sk it MR T i
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#*5-8 . ARSI

Fik 1% BB

count ENAENE =

describe £t XfSeries, & DataFrame% 1+ &L 2 4tit
min. max TER/NMEMARKE

argmin. argmax THEBFN I R/NEMNRAKENESIVE (BEH)
idxmin. idxmax TTHESFERE S/NMEMNRAENRSE
quantile TTHEERN > LE (0F]1)

sum B R

mean BEAFEITE

median ENEAFRLE (50%573 (%)

mad REBEBFHETEFIENEZE

var HAENTE

std MEREMIREE

skew BRENRE (Z/HiE)

kurt BAEMNERE (EFHE)

cumsum FEAENRITN

cummin, cummax HREMNRITRAENRITHRIMVE
cumprod HEABEMNRITR

diff THE—MES (WHEFINRER)
pct_change TEE M #EK

R A ES W7 £
BBt UM KRB 7 %) Sl SHOTH R kR . ATEE LA DataFrame, &A1
%45 >k H Yahoo!Finance [ i S0 AT a2 &, 18 FH ) /& pandas-datareaderfl (7] Ll condazk

conda install pandas-datareader

Ff# Hpandas_datareaderf&idie 4% 7 — 26 i 2244k

import pandas_datareader.data as web
all_data = {ticker: web.get_data_yahoo(ticker)
for ticker in ['AAPL', 'IBM', 'MSFT', 'GOOG']}

price = pd.DataFrame({ticker: data['Adj Close']
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for ticker, data in all_data.items()})
volume = pd.DataFrame({ticker: data['Volume']
for ticker, data in all _data.items()})

A& UbiYahoo! Finance D& METE T, FIN20174-Yahoo!#Verizonitil) 7. 2 [
pandas-datareader (4, TJ LAZE ST EH I ThRE

PAETH AN A 808, WA B E S 11 A4
In [242]: returns = price.pct_change()

In [243]: returns.tail()
Out[243]:

AAPL GO0G IBM MSFT
Date
2016-10-17 -0.000680 ©0.001837 ©0.002072 -0.003483
2016-10-18 -0.000681 ©0.019616 -0.026168 ©0.007690
2016-10-19 -0.002979 0.007846 0©0.003583 -0.002255
2016-10-20 -0.000512 -0.005652 ©0.001719 -0.004867
2016-10-21 -0.003930 0.003011 -0.012474 0©0.042096

Seriesftjcorr /7 FH it 54 SeriestF S M. AENAM . R 5IXFHMERIAI S R . Sk
L, covH FiHE T %!

In [244]: returns['MSFT'].corr(returns[ 'IBM'])
Out[244]: 0.49976361144151144

In [245]: returns['MSFT'].cov(returns["IBM'])
Out[245]: 8.8706554797035462e-05

PIONMSTF & — G B Python @ 1k, 3ATT3d mT LA B fal i (1 TER 1L 3 51

In [246]: returns.MSFT.corr(returns.IBM)
Out[246]: 0.49976361144151144

H—7Ji1, DataFrameftjcorrflicov/j % L DataFrame 7% 240 il 3% [5] 76 B2 (1 4 5¢ R ak i 7 2
yiy e

In [247]: returns.corr()
out[247]:

AAPL GOOG IBM MSFT
AAPL 1.000000 0©0.407919 0.386817 0.389695
GOOG ©0.407919 1.000000 ©.405099 0.465919
IBM 0.386817 ©0.405099 1.000000 0.499764
MSFT ©.389695 0.465919 0.499764 1.000000
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In [248]: returns.cov()
Out[248]:

AAPL GOOG IBM MSFT
AAPL 0.000277 .000107 ©0.000078 ©.000095
GOOG ©0.000107 .000251 0.000078 0©0.000108
IBM 0.000078 .000078 0.000146 ©0.000089
MSFT 0.000095 .000108 ©0.000089 0.000215

®© ®© © ©

¥ F DataFramefficorrwith /575, AR\ Uit 8 L5 8047 B8 7 — /> SeriesaDataFrame 2 [a] I AH ¢ &
. & N—"Seriesl4 iR [Al— /MK R EH Series B & 53T HHED -

In [249]: returns.corrwith(returns.IBM)
Out[249]:

AAPL 0.386817

GOOG 0.405099

IBM 1.000000

MSFT 0.499764

dtype: float64

f&e N\—~>DataFramel| &> 115 4% 5| L FCAT FIAHC R 8. X, FAHE A2 R L SR BRI K R
£

In [250]: returns.corrwith(volume)

Out[250]:

AAPL -0.075565

GOO0G -0.007067

IBM -0.204849

MSFT -0.092950
dtype: float64

& Naxis="columns'RI Al #Z AT HEAT TH55. ToiRtnf], FETHSMRREBCZRT, I (A T & 2 hn
R o

ME—{E . AETHE L Sl 0 BE A
F— 7T LU — S Seriesify (i NS B, 7 F T

In [251]: obj = pd.Series(['c', 'a', 'd', 'a', ‘a', 'b', 'b', 'c', 'c'])

BN EE2unique, B R LIS 2| SeriesH #ME—1E H4 -

In [252]: uniques = obj.unique()
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In [253]: uniques
Out[253]: array(['c', 'a', 'd', 'b'], dtype=object)

IR [A] e — AR AR, IR TR NS, LSRR THEE Cuniques.sort()) . AR
i1, value_countsH T~ 15 —>SeriesH %18 t B :

In [254]: obj.value_counts()

out[254]:
[« 3
a 3
b 2
d 1

dtype: int64

NTETEE, 455%SeriesLEHMEEFHESI . value_countsit e —ANTZpandas /1%, #f
F AT S 87 51 :

In [255]: pd.value_counts(obj.values, sort=False)

Out[255]:
a 3
b 2
C 3
d 1

dtype: int64

isin il T HIWr o EAL AR A IR BE RS, T 1d JESeriest siDataFrame 1) & () 74k -

In [256]: obj
Out[256]:
C

00 N O b1 A W N R O
N N O O 9 9 o w

dtype: object

In [257]: mask = obj.isin(['b"', 'c'])

In [258]: mask

Out[258]:
(%] True
1 False
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False
False
False
True
True
True
True

dtype: bool

In [ ]1: obj[mask]
Out[ 1:

Nn N0 O O 0

dtype: object

HisinZS el & Index.get_indexerii%, ERILAGAIR— R 154, T ee & = S AE M 2] 5
— A [FEHE R E A -

In [ ]: to_match = pd.Series(['c', 'a', 'b', 'b', 'c', 'a'])
In [ ]: unique_vals = pd.Series(['c', 'b"', 'a'])

In [ ]1: pd.Index(unique_vals).get indexer(to_match)
Out[262]: array([@, 2, 1, 1, 0, 2])

RE-94 ) T IR IHER — B2 HE E

T WER

isin THE—1 T “Seies FEEGRETHEARMEFFH ” B0/ REEER

match HE— AN EERR — 0 F RERERNEN RS TR TTMEERENRE+2ER
uni que & Seres HRIME—EZTA, ARTRIIAFFEE

value_counts | IRE—" Series, HFE3[NM—E, HAEMME, BiHHERFS

A, PRATAEAY 8453 F|DataFrame ™ 2 /M S A ) — kAR . it

In [263]: data = pd.DataFrame({'Qui‘': [1, 3, 4, 3, 4],
ceve s 'QU2I: [) ) ) b} ])
ceeens 'QU3I: [ ) ) > > ]})

In [ ]: data

Out[ 1:
Qul Qu2 Qu3
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A W N R O
A W A W
w N P W N
A b N VTR

¥ pandas.value_countsft 44 i%DataFrameftjapply sk %, w4
In [265]: result = data.apply(pd.value_counts).fillna(9)

In [266]: result

Out[266]:

Qul Qu2 Qu3
1 1.0 1.0 1.0
2 0.0 2.0 1.0
3 2.0 2.0 0.0
4 2.0 0.0 2.0
5 0.0 0.0 1.0

K, R RATARRE R A S RIME— B i T AR R A A T X AR AR LT £

5.4 145

FER—5, FATRHEHpandasiz il (BUINED MHAEHEER T A,
ZJa, BATRERA AT T pandas AT i im v . . AR AL T H
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U I B AT A A AR TR — . R EN pandas BN S, HR
9] (4 2 e A AN BLO H R T A

o N3 8 T DA N LN R BRSO SO AN At B s s G B A A 2, AR E E
AR, FIFWeb APHEAE R 4% % 5

6.1 i3 5 SCAHS A Al

pandasfit 7 —LL H T £ A AU BRI By DataFrame it R KR . R6-1X e AT T Mg, H
Hread_csvHlread_table ] &£ /& R4 fi A 2 1

5 A3

read_csv MIT#. URL. XHEHR NS RTaEE. BiloRregs

read_table MI#F. URL. XHEHR NS o RTaEdE. SloRraslEerco
read_fwf EIERSIMETENE (MR R, WEOET)

read_clipboard | iEEVEIMEAR D EEHE, ATLAE I read_table RIBINGIRAR . FHEMIRUEIA EAEITREH
read_excel M, Excel XLS 3% XLSX file ERFEEEHE

read_hdf 1% pandas 58] HDF5 304

read_html 1EH HTML 3744 h B AT =45

read_json i%HY ISON (JavaScript Object Notation )5 58 I HIEVHE

read msgpack | —PHHAETU4RASHY pandas FiE

read_pickle 1%} Python pickle 12, hEERITEN S

read_sas EATFET SAS Rt ENTFIEE TR sas FiiRE

read_sql ({£F SQLAlchemy) i%HN SQL Eifl45 8 # pandas f) DataFrame
read _stata 1EEL Stata SIS TSRS

read_feather | %EY Feather — | HE T,

T KRB — T I L8 bR HAE B SOA B3 2 4y DataFrame i T 3 1) — S5 50 R o 3 26 bR 450114 126 751
A AR 7 A ELT LA KK

o Eol: B EE A UHuR E YDataFramesb#, LRSS NSCHE RIS 4

o RAUMEWOAMBAE e BIEHI E SUE A, AE E LBRRAEARIE SRS .

o HIMIfENT: WISALETIAE, HAKE o BE 2 A8 ) H I [R5 2 416 st SR i A3

o AR SRR RICAFEATIBBUEA.

o AHUEBEIEE: Bhd—LAT. TUM. VR SN E AR (LLn R T EAANE S
BT BE SR

BRI R AR s ill 28 A 2 s mT e o AL, — 2B nai sk 2 (JtH dread_csv) HIE TIZ T AZ
R, WX AFKSE, BEELFERIEY (read_csvA BiI501MN240) . pandas XU A X
e SR, QSRR R AN SO IR AE, AT LS AL 2 5 2 1K R BE AR 1 S 40
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H—2epr %y, [klpandas.read_csv, ARAHEMIDIRE, FONFIEEEFRAA R TR, B
AR UL, IRATHEEIRE SRR B R A SUE . B, ikl BREFFE. ek, W
HDF5. Featherflimsgpack, £7f#% =47t 5dE 3,

H RS A 5 5 SRR A B R B2 TRAAT . HERNTRE A ELES 2[RI (CSV) X
AL

In [8]: !cat examples/exl.csv
a,b,c,d,message

1,2,3,4,hello

5,6,7,8,world

9,10,11,12,fo0

Zad: XH, FHZUnixfcat shelldy 24 TR RGN AFTEN R b4 B ot RARFH 2
Windows, 7] LA Ftypeis 21 [FIFE R 208

M2 LLZ 570 b, B BARATT AT A Hlread _csvis Hiii A —->DataFrame:
In [9]: df = pd.read_csv('examples/exl.csv')

In [10]: df
out[10]:

a b ¢ d message
0 1 2 3 4 hello
1 5 6 7 8 world
2 9 10 11 12 foo

FAVLTT LU Fread_table, 4872/ FE1T:

In [11]: pd.read_table('examples/exl.csv', sep=',")
out[11]:
a b ¢ d message
0 1 2 3 4  hello
1 5 6 7 8 world
2 9 10 11 12 foo

AT A BT . BE N XA

In [12]: !cat examples/ex2.csv
1,2,3,4,hello
5,6,7,8,world
9,10,11,12,fo0

BENZ MR IMNEG A /80T Llilkpandas H A FEBRIA R 5114, AT BLH O g L4
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In [13]: pd.read_csv('examples/ex2.csv', header=None)
Oout[13]:
0 1 2 3 4
1 2 3 4 hello
15 6 7 8 world
9 10 11 12 foo
In [14]: pd.read_csv('examples/ex2.csv', names=['a', 'b', 'c', 'd', 'message'])
Out[14]:

a b C d message

0 1 2 3 4 hello
5 6 7 8 world
2 9 10 11 12 foo

R BEVR A7 BB ¥ messagedl fif sk DataFrame 122 51 . R AT LA R R ZoBZ 5 8 R 5141040 & L,
AT Ll idindex_colZ %4k 2 "message”:

In [15]: names = ['a', 'b', 'c', 'd', 'message']

In [16]: pd.read_csv('examples/ex2.csv', names=names, index_col='message")
Out[16]:

message

hello 1 2 3 4
world 5 6 7 8
foo 9 10 11 12

IR A G 2 DIV — DRG], Rf e N84 5 5081 4 4L ) 51 2R BT -

In [17]: !cat examples/csv_mindex.csv
keyl, key2,valuel,value2

one,a, 1,2

one,b,3,4

one,c,5,6

one,d, 7,8

two,a, 9,10

two,b,11,12

two,c,13,14

two,d, 15,16

In [18]: parsed = pd.read_csv('examples/csv_mindex.csv',
00008 index_col=["keyl', 'key2'])

In [19]: parsed

out[19]:
valuel value2
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keyl key2

one a 1 2
b 3 4
C 5 6
d 7 8
two a 9 10
b 11 12
C 13 14
d 15 16

AT, ARRETRAHBEER 2B E 2R Bl (b A edls) « FF T
AN SCAR A

In [20]: list(open('examples/ex3.txt"))

out[20]:

[ A B C\n',
'aaa -0.264438 -1.026059 -0.619500\n’,
'bbb ©.927272 0.302904 -0.032399\n’,
'ccc -0.264273 -0.386314 -0.217601\n’,
'ddd -0.871858 -0.348382 1.100491\n']

EAR A AP B S g AT U, X 7 BOR R AR 102 A P A R T K X RSO0, ARn]
U — N IR ZRIE A yread_tableff1 7 BafT . wT LU IEZRIE S RIE s+, TR-A7:

In [21]: result = pd.read_table('examples/ex3.txt"', sep="\s+")

In [22]: result
Out[22]:

A B C
aaa -0.264438 -1.026059 -0.619500
bbb ©.927272 0.302904 -0.032399
ccc -0.264273 -0.386314 -0.217601
ddd -0.871858 -0.348382 1.100491

XH, BTy S EAT R, Frblread_tabledtE Wi 25— 41 W 1% /& DataFrame 1 & 51 .

X LR NT % bR BOL G VF 2 S 500 LTS B VR AL B BP0 5 RE I S SO 50 (GR6-2%1H T —1%) . Lk
it fRA] LA skiprowsBkid SCAFRI S —4T BB AT RIS DUAT

In [23]: !cat examples/ex4.csv

# hey!

a,b,c,d,message

# just wanted to make things more difficult for you
# who reads CSV files with computers, anyway?
1,2,3,4,hello

5,6,7,8,world
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9,10,11,12,foo
In [24]: pd.read_csv('examples/ex4.csv', skiprows=[0, 2, 3])
Out[24]:

a b C d message

0 1 2 3 4 hello
5 6 7 8 world
2 9 10 11 12 foo

ERRAG AL FRE SRR S P — D AR . SURBIRA W R EARH (BFERFH) , EHA
RZEAPRICER R . BOAEOLT, pandasa I —H 2% B AIPRICEEEAT IR A, ELIINAK
NULL:

In [25]: !cat examples/ex5.csv
something,a,b,c,d,message
one,1,2,3,4,NA
two,5,6,,8,world
three,9,10,11,12,fo0

In [26]: result = pd.read_csv('examples/ex5.csv")

In [27]: result

Out[27]:

something a b C d message
(%] one 1 2 3.0 4 NaN
1 two 5 6 NaN 8 world
2 three 9 10 11.0 12 foo

In [28]: pd.isnull(result)

out[28]:

something a b C d message
0 False False False False False True
1 False False False True False False
2 False False False False False False

na_values i UL — MR B & 1) 549 s i R AR -

In [29]: result = pd.read_csv('examples/ex5.csv', na_values=["'NULL"'])

In [30]: result

out[30]:

something a b c d message
0 one 1 2 3.0 4 NaN
1 two 5 6 NaN 8 world
2 three 9 10 11.0 12 foo

S 0 4% 51T LA PR ONA S A
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In [31]: sentinels = {'message': ['foo', 'NA'], 'something': ['two']}

In [32]: pd.read_csv('examples/ex5.csv', na_values=sentinels)

Out[32]:
something a b ¢ d message
one NaN
NaN NaN world
three NaN

#6-2%|H T pandas.read_csvAllpandas.read_table? Fi & .
76-2. read csv/read tableEH# 895

SH# WA

path RTEXHERGAE. URL, XHETRAFFS

sepSdelimiter AFXNTHEFRHATHSNFHFIRENRIER

header AEFIIENTS. MIAA0 (B—F7) , AREXFBheaderTRIRIZIRE
HNone

index_col HEFTRSINIIESTHINE, TURBENEHR/EFTIRS NI/ ET
HARmFE (BRUAEES])

names BFERNY B3R, ZSheader=None

skiprows FEZRNTH (MXHEFELER) , IFTEBRINTSIIE (MO
FiR)

na_values —H AT EBENANE

comment AFEIREENGRFEIEENEF (—PEHED)

parse_dates LR EEIEBRT YA, A bFalse, B HTrue, SR MBIFA
B3, o, BRTMEERERITN—4E7 SR E. MREFERMT
FHFRATE, REBEZNIASE —BHTHUBER IE (F
n, BH/MESHIZTFEAZIH)

keep_date_col MFEEZF|BFAB, NERES5E#MNF]. i\ bFalse.

converters BIlS/FEREHZ RN XRAMRNFE, fl20, {foo! fIEXT
fooZ!| B9 Pir 1B R I of £

dayfirst LB B XN BN, BEEMBERSER (F, 7/6/2012 — June
7,2012) . #KiAHFalse

date_parser FAF fiE 4 B HAR9 R 31

Nrows SEFENNTE (MXXHHFELER)
iterator 1R B —PTextParser B F RIZE L HF

chunksize RN (BFER)
skip_footer FEZBMNTE (MXGERELER)
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#6-2. read_csv/read_tableRH NS # (&)

SH AR

verbose FIDEMEmRa e, b “FHEIFPREENKE" F

encoding FAAFunicodeIXX A EB/ER, i, “utf-8” RIAUTF-841EM
N

squeeze MEHFEZBITENE—F], NIRESeries

thousands :Féj\‘[jﬁ]\ﬁ%ﬁ, ;ZD “”" ﬁ u.”

BB IOCA A

FERCBRAR KSR B RSP I 2 Bk DME T R SLAC 2, R g AR BRSO — /N
Oy BB B SAFHEATIEAC

FEBE R Z AT, FAT15E 1 B pandas iRl B 5 L

In [33]: pd.options.display.max_rows = 10

SEECE
In [34]: result = pd.read_csv('examples/ex6.csv")

In [35]: result
Out[35]:

one two three four key
0.467976 -0.038649 -0.295344 -1.824726 L
-0.358893 1.404453 0.704965 -0.200638
.501840 ©0.659254 -0.421691 -0.057688
0.204886 1.074134 1.388361 -0.982404
0.354628 -0.133116 ©0.283763 -0.837063

A W N PR O
1
®

O X O W

9995 2.311896 -0.417070 -1.409599 -0.515821
9996 -0.479893 -0.650419 0.745152 -0.646038
9997 ©.523331 0.787112 0.486066 1.093156
9998 -0.362559 0.598894 -1.843201 ©0.887292
9999 -0.096376 -1.012999 -0.657431 -0.573315
[100660 rows x 5 columns]

© O X m — -

If you want to only read a small

SR AR AT GREG B BCREAN SO, i nrows 4T 43 7 RITAT -
In [36]: pd.read_csv('examples/ex6.csv', nrows=5)

Oout[36]:
one two three four key

175



0.467976 -0.038649 -0.295344 -1.824726
-0.358893 1.404453 0.704965 -0.200638
-0.501840 0.659254 -0.421691 -0.057688

0.204886 1.074134 1.388361 -0.982404

0.354628 -0.133116 ©0.283763 -0.837063

A W N RO
O ™ O W

FRYAE IO, W LR Echunksize (740D -
In [874]: chunker = pd.read_csv('che@6/ex6.csv', chunksize=1000)

In [875]: chunker
Out[875]: <pandas.io.parsers.TextParser at 0x8398150>

read_csv/T iR [A f{iX P TextParserst & 44/ 1] LLARYE chunksize it SO #E AT HuaE AL e, %
i1 LLIEAR AL Flex6.cov, BHETTEER &2 key" ¥, WK Fs:

chunker = pd.read_csv('examples/ex6.csv', chunksize=1000)

tot = pd.Series([])
for piece in chunker:
tot = tot.add(piece['key'].value_counts(), fill value=0)

tot = tot.sort_values(ascending=False)

IEEER

In [40]: tot[:10]
out[40]:
368.
364.
346.
343.
340.
338.
327/ ¢
335.
334.
330.0

dtype: float64

T R T u X2 O O r X m
© ®© © ®© ®© ©0 © & ©

TextParserit 5 —/get_chunk/7¥%, ‘EAERA] LLEZEUT & /N H.

e CTICTEL @S Sy

HeyE o mT DA O e B A AR N SCAS . FATFRE G Z A Bed i) — A CSV LA
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In [41]: data = pd.read_csv('examples/ex5.csv')

In [42]: data

out[42]:
something a b ¢ d message
(%] one 1 2 3.0 4 NaN
two 5 6 NaN &8 world
2 three 9 10 11.0 12 foo

F|HDataFramefto_csv/7iz:, A TR LU EHE S 2] —ANLLE 5 7 B SCF
In [43]: data.to_csv('examples/out.csv')

In [44]: 'cat examples/out.csv
,something,a,b,c,d,message
o,one,1,2,3.0,4,
1,two,5,6,,8,world
2,three,9,10,11.0,12,f00

2R, AT D HAR D BR AT (i T IR LERES i #sys.stdout, FT AR T B SCAR S SR 1M
2

In [45]: import sys

In [46]: data.to_csv(sys.stdout, sep='|")
| something|a|b|c|d|message
olone|1]|2]3.0]4]

1|two|5|6]|8|world
2|three|9|10|11.0]|12|foo

SRR 45 R P 2RO AT . KR R B R A AR I -

In [47]: data.to_csv(sys.stdout, na_rep="NULL")
,something,a,b,c,d,message
9,0ne,1,2,3.0,4,NULL

1,two,5,6,NULL,8,world

2,three,9,10,11.0,12,fo00

RV W E AR, W25 BT MNP RbRLE . 8%, eTHHAsmT Bt

In [48]: data.to_csv(sys.stdout, index=False, header=False)
one,1,2,3.0,4,

two,5,6,,8,world

three,9,10,11.0,12,fo0
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BEAk, ARisa] LR S —E 0 1051, IF DRSS € RS -

In [49]: data.to_csv(sys.stdout, index=False, columns=['a', 'b"', 'c'])
a,b,c

1,2,3.0

5,6,

9,10,11.0

Seriesth 5 —/Mo_csviyiZ:
In [50]: dates = pd.date_range('1/1/2000', periods=7)
In [51]: ts = pd.Series(np.arange(7), index=dates)
In [52]: ts.to_csv('examples/tseries.csv')

In [53]: !cat examples/tseries.csv
2000-01-01,0
2000-01-02,1
2000-01-03,2
2000-01-04,3
2000-01-05,4
2000-01-06,5
2000-01-07,6

b B 43 e

R AFAETERE AL L 1M BB 4 RE F pandas.read_table#HAT k. SAT, AW I& /2 72—
SR A b TSRS A AT B SR I ffiread_table t BIRHITE L IFAD Mo 1 BB IX L
HATH, BFHTHIZAERHCSVILIT:

In [54]: !cat examples/ex7.csv
"a","b","c"
"ar,m2n,"3"
L vt gt

S5 FATAT A5 B AT A, W DAL $208 FH Python I B fticsvB B o BT 3 S 4T T A9 SO el e 4 Y
HIX S AE 4 csv.reader:

import csv

f = open('examples/ex7.csv')

reader = csv.reader(f)
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XX readerdATIEAUK 2 N EAT A Aol OFREER TITA 51 5) « XX readeri#tfTis R
Ko AT e s OFBER TITERISIS) -

In [56]: for line in reader:

ceelt print(line)
['a', 'b', 'c']
['2', '2', '3']
[*1', "2, '3']

BUE, O T AEEEER A TR, IR 0 H i — SR B T AR . AT — D20kl W%k, AT
TR — D 2ATIBIER

In [57]: with open('examples/ex7.csv') as f:
ceet lines = list(csv.reader(f))

G, PATHIZLEAT 73 bR AT FIEE 17
In [58]: header, values = lines[©], lines[1:]
RIG, FATAT LA b iE CRizip(*values), JEEBATEE NS, QIEREE 5 i b

In [59]: data_dict = {h: v for h, v in zip(header, zip(*values))}

In [60]: data_dict
out[e0]: {'a': ('1', '1'), 'b': ('2"', '2"), 'c': ('3', '3")}

CSVIFMIERGIRE . R & Lcsv.Dialectff]— A>T IREI AT SUH B X (& T2 R
o Bl HZE . ITERFTE) -

class my dialect(csv.Dialect):

lineterminator = '\n'
delimiter = ;'
quotechar = '"'

quoting = csv.QUOTE_MINIMAL

reader = csv.reader(f, dialect=my_dialect)

HACSVIE IS Hth il U G 71 s it 4 csv.reader, TR & 1K

reader = csv.reader(f, delimiter='|")

A RIETT (csv.Dialectj@ME) A HINGEWIFRE-3FT7~ -
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7#<6-3. CSViZsZiEm

24

delimiter

i EA
RATAoRTERABETHTHE. AR 57

lineterminator ATEREMITERE, BIAA “\n\n” . EREBZBEIED, B8

quotechar

quoting

INH BTG MITE R

AT HARFRTT (W0RT) NFERNsIAFTS, AR 7
SIRAE., TEEEECsv.QUOTE_ALL (SIBATATE) . csv.
QUOTE_MINIMAL (RSIAFTHREMDRHF ZERHFZHNFTER) |
csv.QUOTE_NONNUMERICIX %.csv.QUOTE_NON (fs5lAH) . TEEE
B2 #Python 314, EXIAIQUOTE_MINIMAL

skipinitialspace ZBERFREMNZE AR, #KIAHFalse
doublequote  HMTAIEFEBRAMSIHATS. MRATrue, WNE, TBEFERTA

escapechar

BS54 XY
AtxaRfFilaEXNFFE (MRquoting®E 1% E Acsv.QUOTE_
NONERYIE) . RRAIAZEH

Eid: X T AR R 0 BT B AT BT SO, covBRERBUEREN T 1o IXFITG I
I, AR BEAE ] 77 8 B splityy ¥2: 8L W 2 ik X5 ¥2re  split#E A7 47 4% 70 A0 A 48 PE T A

7o

R T ARG, RAT LS B csv.writer. ‘B85 — AN O I H AT B 19 045 % DL % ER
csv.readerfH [A] ) AR LLTE 3 A% AL L T .

with open("’
writer
writer.
writer.
writer.

writer.

mydata.csv', 'w') as f:

= csv.writer(f, dialect=my_dialect)
writerow(('one', 'two', 'three'))
writerow(('1', '2', '3"))
writerow(('4", '5', '6"))
writerow(('7', '8"', '9"))

JSONZ#

JSON (JavaScript Object NotationfIfaiiFK) L4 BN IERIHT TP 3K 7 Webi Ui 28 A1 A 5 I F2
P B RORBAR AR A Nz — o TR — T RAR B SCAMS X (CSV) RiETF 2 i #4 =X.

R AN
obj = """
{"name": "Wes",

"places_lived": ["United States", "Spain", "Germany"],

"pet": null,

"siblings"

: [{"name": "Scott", "age": 30, "pets": ["Zeus", "Zuko"]},
{"name": "Katie", "age": 38,
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"pets": ["Sixes", "Stache", "Cisco"]}]

BRI E null Al —Se AR 402 5 GBI R BA RVFAEIEZ RIFIES) 2 4b, JSONIEF #zix
FAHMMPythonfClL . FEARMA NG (P © B (FIFR) . FFH. BE. ARMELL
null. 5 T ARSI AR 745 3 . ¥R 2 Python FE#B AT LA 5 JSONKHE . 3Kt Hijson,
NE KT Pythonkrk FE P (. B idjson.loads Bl ik JSONF 4 5 4 i i Python JE R :

In [62]: import json
In [63]: result = json.loads(obj)

In [64]: result
out[64]:
{'name’': ‘Wes',
'pet': None,
'places_lived': ['United States', 'Spain', 'Germany'],
‘siblings': [{'age': 30, 'name': 'Scott', 'pets': ['Zeus', 'Zuko']},
{'age': 38, 'name': 'Katie', 'pets': ['Sixes', 'Stache', 'Cisco']}]}

json.dumps K Python i 5 44 i JSSON#E 2K

In [65]: asjson = json.dumps(result)

R (—ANE—4) JSONX G4 yDataFrame sl AR T2 b7 (1 B S5 Mt AR Y e T o
& 7 J7 2 7l DataFrametyig gt A — il 5112 Ot 2SR e IIJSONXS 5, JFikHL
Kl 7 B T 4R

In [66]: siblings = pd.DataFrame(result['siblings'], columns=['name', ‘'age'])

In [67]: siblings
Out[67]:
name age
0 Scott 30
1 Katie 38

pandas.read_json ] DL [ ZE 45 k% 20 JSONEE £ 4% ¥ N SeriesEi DataFrame. 14

In [68]: !cat examples/example.json
[{"a": 1, "b": 2, "c": 3},
{"a": 4, "b": 5, "c": 6},
{"a": 7, "b": 8, "c": 9}]
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pandas.read_json ] Bk A0 TR 15 JSONEL4H. o (BN X 5 e st () — 47
In [69]: data = pd.read_json('examples/example.json")
In [70]: data

Oout[79]:
a b

O O W N

1 2
4 5
7 8

75 55T USDA Food Database )Ml 32t — U UH# T JSONE I AL UL B (Rl fF ik &

03 .
W SRR 7 EOR HE Mpandasfin it #|JSON, 1] LU# Fto_json /7 v%:

In [71]: print(data.to_json())
{"a":{"@":1,"1":4,"2":7},"b":{"0":2,"1":5,"2":8},"c":{"0":3,"1":6,"2":9}}

In [72]: print(data.to_json(orient="records"'))
[{"a":1,"b":2,"c":3},{"a":4,"b":5,"c":6},{"a":7,"b":8,"c":9}]

XMLFTHTML: Web/(z B4

Python V12 7] LA 5 & WL HTMLAIXMLAS &R 22, f4fIxml. Beautiful SoupAihtmi5lib.
Ixml (3 P2 LR se b, {H e 0 A B A R I HTML XML SC A BE 4T

pandasf — 1MW EKIIEE, read_html, ‘& 1] L H IxmlIFiBeautiful Soup H 3R HTML A H ()%
1 fifEtr DataFramext R A 73T R, AL EPIAERIRE A 7 FE T —PMHTMLSC
(pandas XA AL , el TERATEIA RSN Bk, IRTE % Hread_htmlH 21 .

conda install 1xml
pip install beautifulsoup4 html5lib

WA KA £conda, FILMEH pip install 1xml .

pandas.read_htmlfg —2EikTT, BOIAFKMET, B R, ZlMIRS R fds. S8 2—
A1 ) DataFrame X 4 :

In [73]: tables = pd.read_html('examples/fdic_failed_bank_list.html")

In [74]: len(tables)
out[74]: 1

In [75]: failures = tables[©@]
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In [76]: failures.head()

Out[76]:
Bank Name City ST  CERT \

(%] Allied Bank Mulberry AR 91
1 The Woodbury Banking Company Woodbury GA 11297
2 First CornerStone Bank King of Prussia PA 35312
3 Trust Company Bank Memphis TN 9956
4 North Milwaukee State Bank Milwaukee WI 20364

Acquiring Institution Closing Date Updated Date
(%] Today's Bank September 23, 2016 November 17, 2016
1 United Bank August 19, 2016 November 17, 2016
2 First-Citizens Bank & Trust Company May 6, 2016 September 6, 2016
3 The Bank of Fayette County April 29, 2016 September 6, 2016
4 First-Citizens Bank & Trust Company March 11, 2016 June 16, 2016

K MfailuresH¥F £ 41, pandasffi\ | —MRATRR.

IKHL, AT UM SRRV M Ol E DU, BTk S o v SR P R
T8

In [77]: close_timestamps = pd.to_datetime(failures['Closing Date'])

In [78]: close_timestamps.dt.year.value_counts()
out[78]:

Name: Closing Date, Length: , dtype: int64

# ] Ixml.objectifyfi# i XML

XML (Extensible Markup Language) & % — i W SC R 50 2 B DL ot i) 45 i A5k
g e A AT I LS A S B Bk BT MR R IXMLCRY

BT, A4 T pandas.read_htmlegi %k, & nl L HIxmiziBeautiful Soup MHTMLfZEHTEHE o
XMLATHTMLZE R R ARL, (EXMLBE gIE A . X B, FRax F— AN -3 T ) IxmI AXMLA
b HE -
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AL RIS HE AT T — L A S FAF 42 IR 25 () 5t 25

(http://www.mta.info/developers/download.html) . iX B, AT EB GG E—HXML AT
AT IG DU . BT R A AR S5 #8A & H IS (WiMetro-North Railroad B U 2
Performance_ MNR.xmD) , HARE4&XMLICR 2 — 2% H EEEE, 0 FFR:

<INDICATOR>
<INDICATOR_SEQ>373889</INDICATOR_SEQ>
<PARENT_SEQ></PARENT_SEQ>
<AGENCY_NAME>Metro-North Railroad</AGENCY_NAME>
<INDICATOR_NAME>Escalator Availability</INDICATOR_NAME>
<DESCRIPTION>Percent of the time that escalators are operational
systemwide. The availability rate is based on physical observations performed
the morning of regular business days only. This is a new indicator the agency
began reporting in 2009.</DESCRIPTION>
<PERIOD_YEAR>2011</PERIOD_YEAR>
<PERIOD_MONTH>12</PERIOD_MONTH>
<CATEGORY>Service Indicators</CATEGORY>
<FREQUENCY>M</FREQUENCY>
<DESIRED_CHANGE>U</DESIRED_CHANGE>
<INDICATOR_UNIT>%</INDICATOR_UNIT>
<DECIMAL_PLACES>1</DECIMAL_PLACES>
<YTD_TARGET>97.00</YTD_TARGET>
<YTD_ACTUAL></YTD_ACTUAL>
<MONTHLY_TARGET>97.00</MONTHLY_TARGET>
<MONTHLY_ACTUAL></MONTHLY_ACTUAL>

</INDICATOR>

A Hixml.objectify i HT1Z 14, 48 5 181t getroot?3 EHZXMLSCAF FIRR T & 51 H -
from 1lxml import objectify
path = 'datasets/mta_perf/Performance_MNR.xml'

parsed = objectify.parse(open(path))
root = parsed.getroot()

root.INDICATORIE [f]— AN T 77 4 S AXMLIG R A s . S TR ids%, AT LA bRIC 4
(InYTD_ACTUAL) FEE AT — 78 (HERR LMD -

data = []

skip_fields = ['PARENT_SEQ', 'INDICATOR SEQ',
'DESIRED_CHANGE', 'DECIMAL_PLACES']

for elt in root.INDICATOR:

el data = {}
for child in elt.getchildren():
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if child.tag in skip_fields:
continue
el data[child.tag] = child.pyval
data.append(el_data)

5, KXHF My —DataFrame:
In [81]: perf = pd.DataFrame(data)

In [82]: perf.head()
Out[82]:

Empty DataFrame
Columns: []

Index: []

XMLEE T LA A B R 45 2 o BEFRICH T LA ol . AR FIHX MHTMLE SR (et
FR—BAAAIIXML)

from io import StringIO
tag = '<a href="http://www.google.com">Google</a>"
root = objectify.parse(StringIO(tag)).getroot()

BUAERUAT AV IR bR 28 BB SCAR R R FT 7B T (Wihref)

In [84]: root
Out[84]: <Element a at 0x7f6b15817748>

In [85]: root.get('href")
Out[85]: 'http://www.google.com’

In [86]: root.text
Out[86]: 'Google'

6.2 il A % 20

SEEN S 1R v 30 3 i g A i e T PR i 2 — S {3 Python P4 & [fpickle /7 %14k . pandasXi %
A — AN T4 505 U pickleks = 4517 25 4% _L ffito_pickle /7 -

In [87]: frame = pd.read_csv('examples/exl.csv")
In [88]: frame
out[88]:

a b C d message
o 1 2 3 4  hello
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1 5 6 7 8 world
2 9 10 11 12 foo

In [89]: frame.to_pickle('examples/frame_pickle")

YRAT LLIE IS pickle B #z Se g pickle b % ds, 5l 14 H 58 A 7 (# ) pandas.read_pickle:

In [90]: pd.read_pickle('examples/frame_pickle")
out[99]:
a b ¢ d message

0 1 2 3 4 hello
1 5 6 7 8 world
2 9 10 11 12 foo

VERE: picklefUE W TRt 2. R B AR AEORIE 128 UK IZ R A2 € 1 4 Kpickle
FI) 50T BE TV 5 B2 ARAS i JZE unpickle ok . BUARIRS S RIEIX Fh 15 R & K A= #Epandas
W, A JE B AN I AN 8 I AR 15T " Zpickletd 2.

pandas P B A ik EdEi5 . HDF5fIMessagePack. T 5, AL AHDF5HII
T BIREVURZE FAR PSS, BRI E DGR RS S IR0 TAE. pandasik
NumPy A8 (1) H B A7 % 20

e bcolz: —F Al 4G 547k 3k hk% a0, 2T Blosc k46 %
o Feather: F5Rif 5 HIX (JHadley Wickhami it it —FhiEiE 5 546k C k5 2. Feather
[l 7 Apache Arrow 151 30 N 77 2K

% FHHDF5%% =,

HDF5:2 — P it KR 2 R B AR 4 SO i e B v IR N CRRiEE, " A VF 215
SR, fnJava. PythonMIMATLABZ:E . HDF5 IHDFHE 2 E R R #5415 Chierarchical
data format) . ®NHDFSSCAF#REH — ARG MY Bghi, B MIRBEE A7 ik 2 N EE 55T
XRECEE . 5 AR AL, HDFSSCHF 2 Fh i 4 28 1) RIS o4, 3 A 5 o 25 A7 i 3 S A8
HHHE . 0T AR R T RN WA 848, HDFSEE R AN LR, BB ml PRk
LS.

AN 0] LLH Py TablesEih5py 7 B #215 fHDF5 34, pandas$ef: 1 5 ik i#: 11, nf LLEfAF
fi%SeriesflDataFramexf % . HDFStoreZSn] LG 7B —FF, AbFRAG L% 4075

In [92]: frame = pd.DataFrame({'a': np.random.randn(100)})

In [93]: store

pd.HDFStore('mydata.h5")

In [94]: store['objl'] = frame

In [95]: store['objl_col'] = frame['a']
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In [96]: store

Out[96]:

<class 'pandas.io.pytables.HDFStore'>
File path: mydata.h5

/obj1 frame (shape->[100,1])

/objl_col series (shape->[100])

/obj2 frame_table (typ->appendable,nrows->100,ncols->1,indexers->
[index])

/ob3j3 frame_table (typ->appendable,nrows->100,ncols->1,indexers->
[index])

HDF53CA: xS Sn] DL 5 7 i — FE A AP AT 2R -

In [97]: store['objl']

out[97]:

a
© -0.204708
1  0.478943
2 -0.519439
3 -0.555730
4 1.965781

95 0.795253
96 0.118110
97 -0.748532
98 0.584970
99 0.152677

[160 rows x 1 columns]

HDF StoreSCH5 P A {7, 'fixed'F'table's Ja# il B8, (HZ SRR RIE LT & iy
S (ER

In [98]: store.put('obj2', frame, format='table")

In [99]: store.select('obj2', where=['index >= 10 and index <= 15'])
out[99]:

a
10 1.007189
11 -1.296221
12 0.274992
13 ©0.228913
14 1.352917
15 0.886429
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In [100]: store.close()

putsEstore['obj2'] = frame 7 VAR BRIA, VFRANTERE LT RED, itk

pandas.read_hdfef ZnT DA (5 X 2k T A
In [101]: frame.to_hdf('mydata.h5"', 'obj3', format='table')

In [102]: pd.read_hdf('mydata.h5', 'obj3', where=['index < 5'])
Out[102]:
a
-0.204708
0.478943
-0.519439
-0.555730
1.965781

A W N P O

S0 WIRAREAL R BIE O T AR R4 %%, thlAmazon S38HDFS, {# &[T A ik
124 (thinApache Parquet) () il AV INAi&E. PythonffParquetfl H & 77 fif %
RIEERWHIR B2, FrLX AR B RA W K.
I SRR A AL PR R, IO BRI S — S PyTablesHlhSpy, &E EATHEN 2 /R HTLL
TRe o HTVFZEAR N A ZI0OFER (A ZCPUZLERD , FIFHDFSIXFE T H A8 R
ERTE R RCR

VER: HDFSAEEEZE. Bhoda MIE — XS 2R L. BRI T DLEAE T fix
YA B, HAURFEIN K AEZ AN GENE, SFR0T e IR.

£ HMicrosoft Excel X 1

pandasft]ExcelFileipandas.read_excel i £ 3 £F s U fiff fEExcel 2003 (EHT SR A) H )R
R AU . XA T HL 4 7 9 2 xird FllopenpyxliE BXXLS FIXLSXSC 4. AT LA pipEk
condaZ 3 EAlT.

FAf FExcelFile, it & i#xIsExIsx i 12 A1 2 — > S«

In [104]: x1sx = pd.ExcelFile('examples/ex1l.xlsx")

TEAEAE 2% B () %038 7T Llread_excelisz i 3|DataFrame (J5 53X B 5 ) /2 F parsefi#tt, {HACHS G
M) jEread_excel, &NEZR: R 7R, BSOS -

In [105]: pd.read_excel(xlsx, 'Sheetl")
Out[165]:

a b ¢ d message
o 1 2 3 4 hello
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1 5 6 7 8 world
2 9 10 11 12 foo

IR FI AR I 2 A K, G ExcelFilesx BEAR, (HARH AT LK SCA 44 4% 16 5]

pandas.read_excel:

In [106]: frame = pd.read_excel('examples/exl.xlsx"', 'Sheetl')

In [107]: frame
Out[107]:

a b ¢ d message

0 1 2 3 4 hello
1 5 6 7 8 world
2 9 10 11 12 foo

W E ¥ pandas#iiE 5 AN NExceltg X, IR ZIHE Sl —~ExcelWriter, #XJ5{# Hpandasif %
ffto_excel J7 i Euds 5 N2 Horr

In [108]: writer = pd.ExcelWriter('examples/ex2.xlsx")
In [109]: frame.to_excel(writer, 'Sheetl')

In [110]: writer.save()

YRIE AT AANE FExcelWriter, T &% 3 SCAF 1) %45 2to_excel:

In [111]: frame.to_excel('examples/ex2.x1lsx")

6.3 Web APIs* .

VF 22 3l 5 A — 438 1 JSON B L At XUAR A A 1 A FEAPL . 383 Python v A X SEAPI 1) I A
o ARG HINE (MR Jferequestsfl (http://docs.python-requests.org) .

TR EH301GitHub Effipandas @, AT LA —AHTTP GETiEK, f# Hrequestsy”
J& I

In [113]: import requests
In [114]: url = "https://api.github.com/repos/pandas-dev/pandas/issues"’
In [115]: resp = requests.get(url)

In [116]: resp
Out[116]: <Response [200]>
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i 8%} 52 (] json 7 12 3 o] — N 5 B AT i R JSONF- L, In#k 31— Pythonxf 4
In [ ]: data = resp.json()

In [ ]: data[@]['title']
Out[ ]: 'Period does not round down for frequencies less that 1 hour'

datarf (BN JC R B 2 — NS T A GitHub 12 8 T ElE N & 78 . JRAT] DLE A%
s 2| DataFrame, FFPEHUBSER T 7B«

In [119]: issues = pd.DataFrame(data, columns=[‘number', 'title',
..... : 'labels', 'state'])

In [120]: issues

Out[120]:
number title \
(%] 17666 Period does not round down for frequencies les...
1 17665 DOC: improve docstring of function where
2 17664 COMPAT: skip 32-bit test on int repr
3 17662 implement Delegator class
4 17654 BUG: Fix series rename called with str alterin...

25 17603 BUG: Correctly localize naive datetime strings...
26 17599 core.dtypes.generic --> cython
27 17596 Merge cdate_range functionality into bdate_range
28 17587 Time Grouper bug fix when applied for 1list gro...
29 17583 BUG: fix tz-aware DatetimeIndex + Timedeltalnd...
labels state

(%] [1 open
1 [{'id"': 134699, 'url': 'https://api.github.com... open
2 [{'id"': 563047854, 'url': 'https://api.github.... open
3 [1 open
4 [{'id': 76811, 'url': 'https://api.github.com/... open
25 [{'id': 76811, 'url': 'https://api.github.com/... open
26 [{'id': 49094459, 'url': 'https://api.github.c... open
27 [{'id': 35818298, 'url': 'https://api.github.c... open
28 [{'id': 233160, 'url': 'https://api.github.com... open
29 [{'id': 76811, 'url': 'https://api.github.com/... open

[30 rows x 4 columns]

—UkE Ty, URE AT LB B T e e 0 WL Web APIEE D, iR [BlDataFramext %, J5{# itk
Hro

Py =
3
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6.4 L FEC B

TERDNIAET, KEHEAE T R AP TE SCAR B Excel U . Z2 T SQLI I R B 2 (n
SQL Server. PostgreSQLFIMySQLE) ARz, H'e—Led i FEARGAT . Edi P ik £
T E BT ERE . B sE B DL N R T AR 4 M T oK

K HdE N SQLINZE: | DataFrame it F21R i ¥, Ik 4hpandasit g —LLaens i fb iZ i FE I R L. 1
i, K SQLite2 (L Python P B sqlite34K A 25 ) -

In [121]: import sqlite3

In [122]: query = """
.....: CREATE TABLE test
.....: (a VARCHAR(20), b VARCHAR(20),
«e...: C REAL, d INTEGER

R
In [123]: con = sqlite3.connect( 'mydata.sqlite")

In [124]: con.execute(query)
Out[124]: <sqlite3.Cursor at 9x7f6bl2a56f10>

In [125]: con.commit()

SRR SN UAT Hidhe -

In [126]: data = [('Atlanta’, 'Georgia', 1.25, 6),
et ('Tallahassee', 'Florida', 2.6, 3),
000008 ('Sacramento', 'California', 1.7, 5)]

In [127]: stmt = "INSERT INTO test VALUES(?, ?, ?, ?)"

In [128]: con.executemany(stmt, data)
Out[128]: <sqlite3.Cursor at 9x7f6bl5c66ced>

M IR, K4 Python SQLEKEh#: (PyODBC. psycopg2. MySQLdb. pymssql%)
#ox IR Bl — AT B K -

In [130]: cursor = con.execute('select * from test')
In [131]: rows = cursor.fetchall()

In [132]: rows

out[132]:

[('Atlanta', 'Georgia', 1.25, 6),

('Tallahassee', 'Florida', 2.6, 3),

191



('Sacramento', 'California‘', 1.7, 5)]

PRA] DL XA e 5 R AL 4 DataFrame gy, (HIETFEES| 4 (L7 T hrifidescription/@EH) -

In [133]: cursor.description

Out[133]:

(('a', None, None, None, None, None, None),
('b"', None, None, None, None, None, None),
('c', None, None, None, None, None, None),

('d', None, None, None, None, None, None))

In [134]: pd.DataFrame(rows, columns=[x[©] for x in cursor.description])
out[134]:

a b c d
0 Atlanta Georgia 1.25 6
1 Tallahassee Florida 2.60 3
2 Sacramento California 1.70 5

XFEE R EAE S 2, RS E AR E —RER R ES —K. SQLAIchemy il H & —AMRAT
fJPython SQL T H, EiMZEH 7 SQLEE EHiF 2% WL E R . pandasf —/Mread_sqlig %L, nf
PLLEARERFA I NSQLAIchemy & B2 52 iU . X B, FATTHSQLAIchemy & #:SQLite 5 22, M
2O A 2 S A -

In [135]: import sqlalchemy as sqla
In [136]: db = sqla.create_engine('sqlite:///mydata.sqlite’)

In [137]: pd.read_sql('select * from test', db)

Out[137]:

a b c d
0 Atlanta Georgia 1.25 6
1 Tallahassee Florida 2.60 3
2 Sacramento California 1.70 5

6.5 .45

ViR IR R TP EARTES, BAICEF T AN TR, EE ORI =S
B, BATRHIRABT R R . Bl T AL a7 2 o M A A
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ERAE T AR R, AU 2 R R R AR b gk, TEEE. DL E A, X
TAESs 5 B TS A] (1 80% R B %2« AT I, A0 78 SCIF AR e v i B0 (ks sUOARE & AN e
PSS . 2R EEERMHEHRmEES (WPython, Perl. RitJava) SLUNIXCAALEE T
H (tnsedsiawk) Xt Efss b7 L1140 # . S2iEf)&, pandasfl N & FIPythonbr ik (L 17—
P, RIGH . POER T H, 7T CALLARE A ks B JR A AR 2 (b =X

WRAR KDL T —FpAF sipandas 1 BOA I EE#RAE 73, 1SRRI 51 3R sl GitHub R sk _E 32 H .
kb b, pandasifvF 2 it M SEBL AR d RS K 75 SR TSRSl o

FEARER, WTHEABE RS, ER8E. TR ML eI BdE i TR, T,
HaRETHEZRINEEIF. EEEHESE.

7.1 SbF BRI s

FEVFZHHE B TAES, SURBIE R AW KA K. pandasH H iRz — 2 /S B F AN AL B s £
. Blhn, pandasXt B FITAT HA P SE T BRI AR AR R AL -

SRR fEpandasH 2L 7 A LA 5836, (HXT T RZE0H P ol DURIE DI REIE S . X T30E %
5, pandasf#i 7% fS{ENaN (Not a Number) FRoRBEEHE . FRATFRIE Vg e, nT LA A
T H K

In [10]: string_data = pd.Series(['aardvark', 'artichoke', np.nan, 'avocado'])

In [11]: string_data

out[11]:

0 aardvark
1 artichoke
2 NaN
3 avocado

dtype: object

In [12]: string_data.isnull()

Out[12]:

0 False
1 False
2 True
3 False
dtype: bool

fEpandastt, FATRA TRIEF R AL, BRRERERRANA, ERA1] Hnot available.
TEGTE R F, NABE O] B8 AN ETE R B3 BARAELE, (HRRAMER] (i, s RE+
RAT R o MEATEIRE D AT TR, S BB SR AT b, AT B R
I A G K 5 T R T B I

Python Py & ffINonefH 75 X % £ 28 At m] U INA:
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In [13]: string_data[@] = None

In [14]: string_data.isnull()

Out[14]:

(4] True
1 False
2 True
3 False
dtype: bool

pandasi H HR 7AW AL P RN DA G bR H s, 5 H F APIThRE, il ipandas.isnull,
LR T2 WA . RT-1FIH T — L0 TH I BE b 22 1 R 2

hiE 128

dropna BEENENERTESFERA BN EAEH#TER, TBSHERD
MREENBRE

fillna RiEEESIEETE (AffillSibfill) ER G EEIE

isnull BE—1TEEHhRENNR, ZEFHRERTMEEZREE/NA, 23X
RMKBERER
notnull isnull I EER

PRI R

e BRI INEA R 2 M. ARAT LUt pandas.isnull B A6 R BT L7, {Hdropnan] g
SRS, X —/Series, dropnaik [Fl—/MYEAES HAE R 51 {E [ Series:

In [15]: from numpy import nan as NA
In [16]: data = pd.Series([1, NA, 3.5, NA, 7])

In [17]: data.dropna()

Out[17]:
e 1.0
2 3.5
4 7.0

dtype: float64

AT

In [18]: data[data.notnull()]

Out[18]:
(%] 1.0
2 3.5
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4 7.0
dtype: float64

Mmi%fF-DataFrameXt %, HIHMA MER T . R EeA EEFF ENASE A NARITES] . dropnafk
INEFATAT A R RALHIAT

In [19]: data = pd.DataFrame([[1., 6.5, 3.], [1., NA, NAJ,
[NA, NA, NA], [NA, 6.5, 3.1])

In [20]: cleaned = data.dropna()

In [21]: data
Out[21]:

(%] 1 2
@ 1.0 6.5 3.0
1 1.9 NaN NaN
2 NaN NaN NaN
3 NaN 6.5 3.0

In [22]: cleaned
out[22]:

0 1 2
© 1.0 6.5 3.0

fle Nhow="all"; { £ FF 2 ANAARLEST «

In [23]: data.dropna(how="all")
out[23]:

0 1 2
© 1.0 6.5 3.0
1 1.9 NaN NaN
3 NaN 6.5 3.0

AR XL, Rfite Naxis=1R17]

In [24]: data[4]

1l
=
=

In [25]: data
Out[25]:

(%] 1 2 4
@ 1.0 6.5 3.0 NaN
1 1.9 NaN NaN NaN
2 NaN NaN NaN NaN
3 NaN 6.5 3.0 NaN

In [26]: data.dropna(axis=1, how='all")
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Out[26]:

0 1 2
© 1.0 6.5 3.0
1 1.6 NaN NaN
2 NaN NaN NaN
3 NaN 6.5 3.0

F—NERRDataFramedT (il @B K i 8] e 51 B o« i R AR B N —FR o K, W RLA
threshZH Bl H 1
In [27]: df = pd.DataFrame(np.random.randn(7, 3))

In [28]: df.iloc[:4, 1] NA

In [29]: df.iloc[:2, 2] = NA

In [30]: df
Out[30]:

0 1 2
0 -0.204708 NaN NaN
1 -0.555730 NaN NaN
2 0.092908 NaN ©.769023
3 1.246435 NaN -1.296221
4 0.274992 0.228913 1.352917
5 0.886429 -2.001637 -0.371843
6 1.669025 -0.438570 -0.539741

In [31]: df.dropna()
Out[31]:

0 1 2
4 0.274992 0.228913 1.352917
5 0.886429 -2.001637 -0.371843
6 1.669025 -0.438570 -0.539741

In [32]: df.dropna(thresh=2)
Out[32]:

0 1 2
0.092908 NaN ©0.769023
1.246435 NaN -1.296221
0.274992 ©.228913 1.352917
0.886429 -2.001637 -0.371843
1.669025 -0.438570 -0.539741

a v A W N

SN E T
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PRATREANEDEBR SR AR CH R RE S ZFERE A RIOHAR SR M52 A B i 7 SR I
Sesiil”. X T RZHUE I E, fillnali 2o i F 2 AR E. @it —>H EoR Fifillnamf 2K 6k 8
B A U

In [33]: df.fillna(@)

Out[33]:

0 1 2
0 -0.204708 0.000000 0.000000
1 -0.555730 0.000000 ©.000000
2 0.092908 0.000000 0.769023
3 1.246435 0.000000 -1.296221
4 0.274992 0.228913 1.352917
5 0.886429 -2.001637 -0.371843
6 1.669025 -0.438570 -0.539741

Al Ay Mfillna, AT DASEBEL A [F A 513 FE AN R (4 -

In [34]: df.fillna({1: ©.5, 2: @})
Out[34]:

0 1 2
0 -0.204708 0.500000 ©0.000000
1 -0.555730 0.500000 0.000000
0.092908 0©0.500000 0.769023
1.246435 0.500000 -1.296221
0.274992 ©.228913 1.352917
0.886429 -2.001637 -0.371843
1.669025 -0.438570 -0.539741

a v A W N

fillnaBR N 23R B HT R, AHAB AT DU B X AT it i ok

In [35]: _ = df.fillna(@, inplace=True)
In [36]: df
Out[36]:

(%} 1 2
0 -0.204708 0©0.000000 0.000000
1 -0.555730 0.000000 0©.000000
2 0.092908 0.000000 0.769023
3 1.246435 0.000000 -1.296221
4 0.274992 0.228913 1.352917
5 0.886429 -2.001637 -0.371843
6 1.669025 -0.438570 -0.539741

Xfreindexing £ A4 (1 8 Le4di (B J7 V2t T H T-fillna:
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In [37]: df = pd.DataFrame(np.random.randn(6, 3))

NA

In [38]: df.iloc[2:, 1]

In [39]: df.iloc[4:, 2] = NA

In [40]: df
Out[40]:

0 1 2
0 0.476985 3.248944 -1.021228

1 -0.577087 0.124121 0.302614
2 0.523772 NaN 1.343810
3 -0.713544 NaN -2.370232
4 -1.860761 NaN NaN
5 -1.265934 NaN NaN

In [41]: df.fillna(method="ffill")

Out[41]:

0 1 2
0 0.476985 3.248944 -1.021228
1 -0.577087 ©0.124121 0.302614
2 0.523772 0.124121 1.343810
3 -0.713544 0.124121 -2.370232
4 -1.860761 0.124121 -2.370232
5 -1.265934 0.124121 -2.370232

In [42]: df.fillna(method="ffill", limit=2)
Out[42]:
0 1 2
0.476985 3.248944 -1.021228
-0.577087 0.124121 0.302614
.523772 0.124121 1.343810
-0.713544 ©.124121 -2.370232
-1.860761 NaN -2.370232
-1.265934 NaN -2.370232

ui b W N PO
(O]

HEHLEAIH, JRtaT DO AifillnastBLVF 2 50 I DhRE . ELanit, RATLAfL A Seriesf) 12 {E sl iz
5

In [43]: data = pd.Series([1., NA, 3.5, NA, 7])

In [44]: data.fillna(data.mean())

Out[44]:

0 1.000000
1 BNSBBESE
2 3.500000
3 3.833333
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4 7 .000000
dtype: float64

L7251 Tillnalt) =%,

S8 A

value BFERRERENFREESLFATR

method BEATR. MRFBABFRIEERMSHEE, I il
S WtRA

axis FHETHOH, Kilaxis=0

inplace EBROARE R MA~=EE X

limit (HFriEFEEmER) JUELEETNRAIHE

7.2 By ¥ i

AFE H AN AR R 5 RE ERAR R IR JEBE DR AR e AR

I B2 KR
DataFrame EILE ZATH Z M A K . T g2 — M+

In [45]: data = pd.DataFrame({'kl': ['one', 'two'] * 3 + ['two'],
'k2': [1, 1, 2, 3, 3, 4, 4]})

In [46]: data
out[46]:
ki k2

one
two
one
two
one

two

a v A W N R O
A A W W N PR PR

two

DataFrame/fduplicated 5 ik [a] — /M /R Bl Series, Fn S AT 2GR EEAT (AT H
17

=]

In [47]: data.duplicated()
out[47]:
(%] False
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False
False
False
False

False

a v A W N R

True
dtype: bool

WA —A 5K ) drop_duplicates /77%, ‘E2iR [Al—/MDataFrame, & [1$i4H & r NFalse:

In [48]: data.drop_duplicates()
Oout[48]:

ki1 k2

one
two
one
two
one

u A W N RO
A W wWw NN R

two

KA TR AW 051, Rt ] DR E 0 AT R A . B dA ey —sfE, HA
A AR K B E S T

In [49]: data['vl'] = range(7)

In [50]: data.drop_duplicates(['k1'])
Out[59]:
ki k2 wvi
0 one 1 0
1 two 1 1

duplicated#idrop_duplicates®A A fr B A2 55— AN H L E LA A . 15 ANkeep="last' I {1 B & f5 —
A

In [51]: data.drop_duplicates(['kl', 'k2'], keep='last')
out[51]:

ki k2 wvi

one
two
one
two
one

a A W N RO
A W wWw NN R R
O A W N RLP O

two

200



A FH ey B i A 32 47 K3t % ik

T ZEIRE, R ReA AR E 4. SeriessiDataFramed!| i A E R SEILFE 4 TAE . ARG
B N IR AT KPR A

In [52]: data = pd.DataFrame({'food': ['bacon', 'pulled pork', 'bacon',
50008 'Pastrami', 'corned beef', 'Bacon’,
00008 ‘pastrami’, 'honey ham', ‘'nova lox'],
e ‘ounces': [4, 3, 12, 6, 7.5, 8, 3, 5, 6]})

In [53]: data

Out[53]:

food ounces
0 bacon 4.0
1 pulled pork 3.0
2 bacon 12.0
3 Pastrami 6.0
4 corned beef 7.5
5 Bacon 8.0
6 pastrami 3.0
7 honey ham 5.0
8 nova lox 6.0

BRI — SRR Z AR B VRIE ISR . A 1565 S — AR RSS2 S e -

meat_to_animal = {
'bacon': 'pig',
'pulled pork': 'pig',
'pastrami': ‘'cow',
‘corned beef': 'cow',
"honey ham': 'pig',

'nova lox': 'salmon'

Seriesffimap /7 %A LA 32— BAE S A RS R R 10 7 R B, (HAR IR A — AN A, B
SRR E T RERS 1, B . R, AT EAL T Seriesfstr.lower /7%, K&
(ERESOAUNEE

In [55]: lowercased = data[ food'].str.lower()

In [56]: lowercased

Out[56]:

%] bacon
1 pulled pork
2 bacon
3 pastrami
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4 corned beef
5 bacon
6 pastrami
7 honey ham
8 nova lox

Name: food, dtype: object

In [57]: data['animal'] = lowercased.map(meat_to_animal)

In [58]: data

Out[58]:

food ounces animal
0 bacon 4.0 pig
1 pulled pork 3.0 pig
2 bacon 12.0 pig
3 Pastrami 6.0 cow
4 corned beef 7.5 cow
5 Bacon 8.0 pig
6 pastrami 3.0 cow
7 honey ham 5.0 pig
8 nova lox 6.0 salmon

AT ] UL NS BES 52 4 B X 28 A (1 2R 2

In [59]: data['food'].map(lambda x: meat_to_animal[x.lower()])
Out[59]:

pig

pig

pig

cow

pig
cow
pig

(%]
1
2
3
4 cow
5
6
7
8 salmon

Name: food, dtype: object
f8 Fmap /& — M S T6 38 20 4t LA R Ho A 5080 77 2 AR ) (S 5 U7 =X

BfE

I A fillna 77 2 45 70 6 2 B mT LA (SO0 5 e 1 — PRR IR IS 00 . AT DA B 2], map ] H T2 ot &
PEE T4, Tireplace MM T —FsclZ IhRe I E B, BRIEH . BATRER T x4
Series:

In [60]: data = pd.Series([1., -999., 2., -999., -1000., 3.])
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In [61]: data

Out[61]:

(%] 1.0
1 -999.0
2 2.0
3 -999.0
4 -1000.0
5 3.0

-9991X ME T BE A& — N RN B AR ICE . EK B i pandasAE i HL AR INAE, FRATATLA
F|Hreplace k=4 —/N#iiSeries ([&9Ef% Ninplace=True) :

In [62]: data.replace(-999, np.nan)

Out[62]:

0 1.0
1 NaN
2 2.0
3 NaN
4 -1000.0
5 3.0

dtype: float64

IRARA B — XM B e 2 ME, ATRME A — A A B M E R BIR DL S — D R -

In [63]: data.replace([-999, -16000], np.nan)
Out[63]:

(%] 1.0

1 NaN

2 2.0

3 NaN

4 NaN

5 3.0
dtype: float64

AL MEA AR HAE, MRS D HRIIR:

In [64]: data.replace([-999, -1600], [np.nan, 9])
Out[64]:

(%] 1.0

1 NaN

2 2.0

3 NaN

4 0.0

5 3.0
dtype: float64
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e NS Hd ] DA 7 i

In [65]: data.replace({-999: np.nan, -1000: 0})
Out[65]:

(%] 1.0

1 NaN

2 2.0

3 NaN

4 0.0

5 3.0
dtype: float64

“£it: data.replace’jiZHdata.str.replace N[Fl, JEH MRS PR T R L B . RATSAE
J5i THI 2% > Series ) 7457 5 77k

ERGER ]

PR Series  E—FFE, lbRZE th mT DU bR B BEAT e e, TS 20— AN BT AN R AR 28 0
Fo LT DI HEN, MEFHE —DERL . 5T REFR IR 51

In [66]: data = pd.DataFrame(np.arange(12).reshape((3, 4)),
e index=['Ohio', 'Colorado', 'New York'],

et columns=['one', 'two', 'three', 'four'])

RSeries—#f, #ZETIHA —Pmapiiik:

In [67]: transform = lambda x: x[:4].upper()

In [68]: data.index.map(transform)
out[68]: Index(['OHIO', 'COLO', 'NEW '], dtype='object')

PRAT DK IR A 2 index, X FERE AT LA DataFrameidt 17 it iz ok -
In [69]: data.index = data.index.map(transform)

In [70]: data

out[70]:

one two three four

OHIO 0 1 2 3
CoLO 4 5 6 7
NEW 8 9 10 11

IR AR EL AR BRI R (AR IESUR G EE) S5 2 rename:
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In [71]: data.rename(index=str.title, columns=str.upper)

Out[71]:

ONE TWO THREE FOUR
Ohio 0 1 2 3
Colo 4 5 6 7
New 8 9 10 11

R UL — T, renameR] DAL, & - LR ) G2 SRS 350 0 il s 258 1) B 3BT

In [72]: data.rename(index={'OHIO': 'INDIANA'},

el columns={"'three': 'peekaboo'})
out[72]:
one two peekaboo four
INDIANA 0 1 2 3
coLo 4 5 6 7
NEW 8 9 10 11

rename ] UL SCHL & | DataFrame I 6 H R 5| MIFIFR A AT I . 4n SR A BB S e Hl &
£ Ninplace=Truel{Jl ] :

In [73]: data.rename(index={'OHIO': 'INDIANA'}, inplace=True)

In [74]: data

Out[74]:

one two three four
INDIANA 0 1 2 3
coLo 4 5 6 7
NEW 8 9 10 11

B A A TE 5kl o)

NTAET W, SRR SR 72 8 moe” (bin) o By — 4N S8, iRy 20K
EATRI 7 AN F R4 e 4 -

In [75]: ages = [20, 22, 25, 27, 21, 23, 37, 31, 61, 45, 41, 32]

2T SR i Be R R 4> 41851257, “26%35”, “35%60” LA K “60LL LN G, ESEILiZ T fE,
YR 75 B F pandas [l cut bk 45 -

In [76]: bins

[18, 25, 35, 60, 100]

In [77]: cats = pd.cut(ages, bins)
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In [78]: cats

out[78]:

[(18, 25], (18, 25], (18, 25], (25, 35], (18, 25], ..., (25, 35], (60, 1@0@], (35,60], (
35, 60], (25, 35]]

Length: 12

Categories (4, interval[inte4]): [(18, 25] < (25, 35] < (35, 60] < (60, 100]]

pandasi [H] ()& —AMRERR ) Categorical it G . 45 R &7~ T pandas.cutXll 7 (1 7. R7] LUk HE
M —HFRTTCAHII R EMIRE SR —DNERRADFE R LTMEIEA, Pl — codes
J P PR AU B () B 5

In [79]: cats.codes
Out[79]: array([©, 9, @, 1, @0, @, 2, 1, 3, 2, 2, 1], dtype=int8)

In [80]: cats.categories

out[&9]:

IntervalIndex([(18, 25], (25, 35], (35, 60], (60, 100]]
closed="right"’,
dtype="interval[int64]")

In [81]: pd.value_counts(cats)
Out[81]:
(18, 25]
(35, 60]
(25, 35]
(60, 100]
dtype: int64

P W w wu

pd.value_counts(cats)/&pandas.cutZ R 1T o 1T 41

PR B BERT S — R, BIdE S R, 7S WRoR A CBEE) o BRI T DL I
right=Falseit 171524 :

In [82]: pd.cut(ages, [18, 26, 36, 61, 100], right=False)

Out[82]:

[[18, 26), [18, 26), [18, 26), [26, 36), [18, 26), ..., [26, 36), [61, 100), [36,
61), [36, 61), [26, 36)]

Length: 12

Categories (4, interval[inte4]): [[18, 26) < [26, 36) < [36, 61) < [61, 100)]

PRE] DU AR — g1 R B 4 Ellabels, ¥E H U THIIG A FL:
In [83]: group_names = ['Youth', 'YoungAdult', 'MiddleAged', 'Senior']

In [84]: pd.cut(ages, bins, labels=group_names)
out[84]:
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[Youth, Youth, Youth, YoungAdult, Youth, ..., YoungAdult, Senior, MiddleAged, Mid
dleAged, YoungAdult]

Length: 12

Categories (4, object): [Youth < YoungAdult < MiddleAged < Senior]

AR R A cutfe A T PR T AR B D) AT I 5, e 2R 9 Hs i i ME AT o R A T 5348
KHTG. FHEEAMFH, FATHRG— L8 5 7343 (1 s 73 i Y 41 -

In [85]: data = np.random.rand(20)

In [86]: pd.cut(data, 4, precision=2)

out[86]:

[(0.34, 0.55], (@.34, 0.55], (©.76, 0.97], (0.76, 0.97], (0.34, 0.55], ..., (0.34
, 0.55], (0.34, 0.55], (.55, ©.76], (0.34, ©.55], (0.12, 0.34]]

Length: 20

Categories (4, interval[float64]): [(©.12, 0.34] < (©.34, ©0.55] < (9.55, ©0.76] <
(0.76, ©.97]]

i%Tiprecision=2, PR /NCR AP,

qoutiZ — MR SR cut e AL, B nT DARIEFEA AL Bon Bl AT i okl oy o AREHHE (10 0 A
fH0L,  cut I RETCIEAE Ny b & A AR R B Bl s iqout il TAE A AR BEAR A 8, BRIk
] DAAS IR /N AS A S5 (A THT I«

In [87]: data = np.random.randn(1000) # Normally distributed

In [88]: cats

pd.gcut(data, 4) # Cut into quartiles

In [89]: cats

out[89]:

[(-0.0265, 0.62], (0.62, 3.928], (-0.68, -0.0265], (©.62, 3.928], (-0.0265, 0.62]
s ..., (-0.68, -0.0265], (-0.68, -0.0265], (-2.95, -0.68], (0.62, 3.928], (-0.68,
-0.0265]]

Length: 1000

Categories (4, interval[float64]): [(-2.95, -0.68] < (-0.68, -0.0265] < (-0.0265,
0.62] <

(0.62, 3.928]]

In [90]: pd.value_counts(cats)

Oout[90]:

(0.62, 3.928] 250
(-90.0265, 0.62] 250
(-0.68, -0.0265] 250
(-2.95, -0.68] 250

dtype: int64
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HeutRBL, IRt n] LIALIE H € A8 (ORI [ AU E, A5 s

In [91]: pd.qcut(data, [0, ©.1, 0.5, 0.9, 1.])
Out[91]:

[(-0.0265, 1.286], (-0.0265, 1.286], (-1.187, -0.8265], (-0.0265, 1.286], (-0.026

5, 1.286], ..., (-1.187, -0.8265], (-1.187, -0.0265], (-2.95, -1.187], (-0.0265,
1.286], (-1.187, -0.0265]]
Length: 1000

Categories (4, interval[float64]): [(-2.95, -1.187] < (-1.187, -0.0265] < (-0.026

5, 1.286] <
(1.286, 3.928]]

A M JE AR VAR S5 ANy 4 S 2 1 R BlleutFqeut, BRI IS B U bR Bons 70 hr A0 3 21 53

Prak s E

A DR AL 308 e AL

PR H A (outlier) EARKEE La2is IBAIs . RE —N&H LS EdE 1

DataFrame:

In [92]: data = pd.DataFrame(np.random.randn(1600, 4))

In [93]: data.describe()

Out[93]:

(%} 1 2 3
count 1000.000000 1000.000000 1000.000000 1000.000000
mean 0.049091 0.026112 -0.002544 -0.051827
std 0.996947 1.007458 0.995232 0.998311
min -3.645860 -3.184377 -3.745356 -3.428254
25% -0.599807 -0.612162 -0.687373 -0.747478
50% 0.047101 -0.013609 -0.022158 -0.088274
75% 0.756646 0.695298 0.699046 0.623331
max 2.653656 3.525865 2.735527 3.366626

ARBE R AR HH A o 2 0 KN B AR 1 -
In [94]: col = data[2]
In [95]: col[np.abs(col) > 3]
Out[95]:
41 =3, S22

136 -3.745356
Name: 2, dtype: floaté64

LI A AT I 3B — 3HIME " HIAT, AR R] ALE A /R B DataFrame i lany /7 i::
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In [96]: data[(np.abs(data) > 3).any(1)]
Oout[96]:

0 1 2 3
41 0.457246 -0.025907 -3.399312 -0.974657
60 1.951312 3.260383 0.963301 1.201206
136 ©0.508391 -0.196713 -3.745356 -1.520113
235 -0.242459 -3.056990 1.918403 -0.578828
258 0.682841 0.326045 0.425384 -3.428254
322 1.179227 -3.184377 1.369891 -1.074833
544 -3.548824 1.553205 -2.186301 1.277104
635 -0.578093 .193299 1.397822 3.366626
782 -0.207434 .525865 0.283070 0.544635
803 -3.645860 .255475 -0.549574 -1.907459

o W o

MRAEIZ LKA, AT DACEREAT B . T RS AT DK R BR 172 X A — 32 3LAN :
In [97]: data[np.abs(data) > 3] = np.sign(data) * 3

In [98]: data.describe()

out[98]:

0 1 2 3
count 1000.000000 1000.000000 1000.000000 1000.000000
mean 0.050286 0.025567 -0.001399 -0.051765
std 0.992920 1.004214 0.991414 0.995761
min -3.000000 -3.000000 -3.000000 -3.000000
25% -0.599807 -0.612162 -0.687373 -0.747478
50% 0.047101 -0.013609 -0.022158 -0.088274
75% 0.756646 0.695298 0.699046 0.623331
max 2.653656 3.000000 2.735527 3.000000

MR HEHE (M8 2 IE B2 17, np.sign(data) ] LA &1 Ai1-1 .

In [99]: np.sign(data).head()
Out[99]:

(4]
=il
Lo
il
=il
=il

=ilo@ 1o
1.0 -1.
1.0 -1.
1.0 -1.

=1l,@® =il,

=il

=il

A W N R O
®© ® ® ® ©®
=
®© ® ® ® ® B
© ® ® ® ® W

HEFI A HLRAE

209



FFnumpy.random.permutation i £ A] LA 44 SEI G Series sk DataFrame ) #1) (1 HF 41 T4
(permuting, BENLEHET) . Wit 7 ZHES 141K B I H permutation, 7] 72 A4k — AN KRBT
kLS e e R

In [100]: df = pd.DataFrame(np.arange(5 * 4).reshape((5, 4)))
In [101]: sampler = np.random.permutation(5)

In [102]: sampler
out[102]: array([3, 1, 4, 2, @])

SR 5 T DAYE 2L Tiloc ) R 5 #4F Blitake bR E0H (8 FHZ AU T -

In [103]: df
Out[103]:

0 1 2
(%] 0 1 2
1 4 5 6 7
2 8 9 10 11
3 12 13 14 15
4 16 17 18 19

In [104]: df.take(sampler)
Out[104]:
0 1 2 3
12 13 14 15
4 5 6 7
16 17 18 19
9 10 11
0 1 2 3

o N B P W

WTRANAE FH & 4 1) 77 O BB AL 148, 7T LL7E SeriesfIDataFrame -1 Hsample 77 72::

In [105]: df.sample(n=3)
Out[105]:
0 1 2 3
3 12 13 14 15
4 16 17 18 19
2 8 9 10 11

BUE BT A EREA (VPR EESE) , ATMEifreplace=TrueF|sample:
In [106]: choices = pd.Series([5, 7, -1, 6, 4])

In [107]: draws = choices.sample(n=10, replace=True)
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In [108]: draws

Out[108]:
4 4
17
4 4
2 -1
@ 5
3 6
17
4 4
@ 5
4 a4

dtype: inte64

AR bR

R T g @R s L es 22 ST e 7 g K288 & (categorical variable) %4 y“Wj 45
B TR bR R .

R DataFramelt) it — 5 S A KN AR A, AT PLRAE H — ANk F) 5 FE sk DataFrame (HAE 4N
1F10) . pandasfs —“ get_dummiesei £ A LLSEILiZIhAE (L Sl FM—MoAE) o fH
Z Wi ft)—~DataFramef§i -1

In [109]: df = pd.DataFrame({'key': ['b', 'b", 'a', 'c', 'a', 'b'],

‘datal': range(6)})

In [110]: pd.get_dummies(df[ key'])

Out[11@]:

a

i b W N PO
® B © kP OO

A, KA

b

Pk, ®O ©®&© © B B

® ®O P ®© ® O n

e e 4R brDataFramefJ N E— A ATZR,  DUEREWS BRI B 34T & F

get_dummies(¥)prefixZ £ n] LS 1% D) R -

In [111]: dummies = pd.get_dummies(df[ 'key'], prefix="key")

In [112]: df_with_dummy = df[['datal']].join(dummies)

In [113]: df_with_dummy

Out[113]:
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datal key_a key b key c

W DataFrame ' HIFEATHE T 240028, NFEEMSHE AE . & FMovieLens 1ME 4,
14 & 2 R ANHUIE 508

In [114]: mnames = ['movie_id', 'title', 'genres']

In [115]: movies = pd.read_table('datasets/movielens/movies.dat', sep="::",

500008 header=None, names=mnames)

In [116]: movies[:10]

out[116]:

movie_id title genres
0 1 Toy Story (1995)  Animation|Children's|Comedy
1 2 Jumanji (1995) Adventure|Children's|Fantasy
2 3 Grumpier 0ld Men (1995) Comedy | Romance
3 4 Waiting to Exhale (1995) Comedy |Drama
4 5 Father of the Bride Part II (1995) Comedy
5 6 Heat (1995) Action|Crime|Thriller
6 7 Sabrina (1995) Comedy | Romance
7 8 Tom and Huck (1995) Adventure|Children's
8 9 Sudden Death (1995)
Action
9 10 GoldenEye (1995) Action|Adventure|Thriller

LB genre TS INFEFR AL Bl 75 2L — Lol R . 2k, RATAEHE £ rh b IR AN 5] )
genrefg.:

In [ ]1: all_genres = []

In [ ]: for x in movies.genres:
et all genres.extend(x.split('|"))

In [119]: genres = pd.unique(all_genres)

BUER

In [ 1: genres
Out[ 1:
array(['Animation', "Children's", 'Comedy', 'Adventure', 'Fantasy',
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'Romance', 'Drama', 'Action', 'Crime', 'Thriller', 'Horror',
'Sci-Fi', 'Documentary’, 'War', 'Musical', 'Mystery', 'Film-Noir',
'Western'], dtype=object)

e brDataFramelf) J7i: 2 — & M —"N4ZFEDataFrame T4 :

In [121]: zero_matrix = np.zeros((len(movies), len(genres)))

In [122]: dummies = pd.DataFrame(zero_matrix, columns=genres)

WAE, ERE IR, FEdummies AT H W N1, EiX 4, FRA'1M#EH dummies.columns
Kt BB H) 5]

In [123]: gen = movies.genres[9]

In [124]: gen.split('|")
Out[124]: ['Animation', "Children's", 'Comedy"]

In [125]: dummies.columns.get_indexer(gen.split('|"))
Out[125]: array([@, 1, 2])

e, MRAEZRS, M locBE H:

In [126]: for i, gen in enumerate(movies.genres):
R indices = dummies.columns.get_indexer(gen.split('|"))
500008 dummies.iloc[i, indices] = 1

SRJE, FIUART—FE, FRREH S movies & FF 2ok :

In [127]: movies_windic = movies.join(dummies.add_prefix('Genre_"))

In [128]: movies_windic.iloc[@]

Out[128]:

movie_id 1
title Toy Story (1995)
genres Animation|Children's|Comedy

Genre_Animation
Genre_Children's
Genre_Comedy
Genre_Adventure
Genre_Fantasy

Genre_Romance

© ®© ® ® B KB B

Genre_Drama
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Genre_Crime
Genre_Thriller
Genre_Horror
Genre_Sci-Fi
Genre_Documentary
Genre_War
Genre_Musical
Genre_Mystery
Genre_Film-Noir

®© ® ®© ®© ®©O ®© ®© ®© & ©®

Genre_Western
Name: @, Length: 21, dtype: object

Fad: TR KHEAE, HIXA T A E 2 AR AR B SRR AR A8 . B lF 8 FH AR
FIRREL K5 ANumPy#$4l, #8545 R 2 fEDataFrame .
— NG R IR U 454 get_dummiesFiE dcutz 28 1B EL B 2L
In [129]: np.random.seed(12345)
In [130]: values = np.random.rand(10)
In [131]: values
Out[131]:
array([ 0.9296, ©0.3164, ©.1839, 0.2046, ©0.5677, ©.5955, ©0.9645,
0.6532, ©0.7489, 0.6536])
In [132]: bins = [0, 0.2, 0.4, 0.6, 0.8, 1]
In [133]: pd.get_dummies(pd.cut(values, bins))

Out[133]:
(0.0, 0.2] (0.2, 0.4] (0.4, 0.6] (0.6, 0.8] (0.8, 1.0]

W 00 N O U1 B W N P O
® ®© ®© ® ®©O ®© ®© B O O
® ®© ®© ®© ® ®©O P ®© B O©
® ®© ®© ®© P P ®&©O ®© OO
P P P ® ® 0O ®© ®©® OO
® ®© ®©O P ®O©O ®O0 ®© ®©® O K

A THnumpy.random.seed, f# XMl B A e M. A1 52/ ¢Hpandas.get_dummies.
o Sy o
7.3 FF AR
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Pythonf s N FAT AR AL BETE =, 0 50 BR DL L 5 5 P ) 3 A R RSCA AR B T fiE . o)
MARIEEAE MR T TR R RN BT % T O AR UL AN SCA A, AT e 7R 2
MFNENRIEN . pandasxi MBEAT T HN5%, E /R AE 60 B Bl B 7 75 B 320K s URTIE 2R AA
2o M0 ELREAL BTN [ R R 8

T R R

T VRS S5 RS RA R, BT R ECARSHEERT . b, LLESamnT
e T LI splithff 4 AL

In [134]: val = 'a,b, guido’

In [135]: val.split(',")
Out[135]: ['a', 'b', " guido']

split & Sstrip—# M H, LLERTARN (BFHRTH) -
In [136]: pieces = [x.strip() for x in val.split(',')]

In [137]: pieces
Out[137]: ['a', 'b', 'guido']

R, 7 DL IR 2872 455 DOWUE 540 B A I 0 U R R
In [138]: first, second, third = pieces

In [139]: first + '"::' + second + '::' + third
Out[139]: 'a::b::guido’

X FP 7 A RIBSLH . — P IR FF & Python XUtk 1977 02, 11745 H " ijoin 7 vEfE A —A
HIR B TCAH -

In [140]: "::'.join(pieces)
Out[140]: 'a::b::guido’

B INE R N 2 T HER . Wil 8 1 7 R F H Python(in ¢ 8 7, & AT LUE Hindex Al
find:

In [141]: 'guido' in val
Out[141]: True

In [142]: val.index(',")
out[142]: 1
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In [143]: val.find(':")
out[143]: -1

EEfindMindexHIXX il ANRKA R T4, indexhi 51k — DR (AZRE—1) -

In [144]: val.index(':")

ValueError Traceback (most recent call last)
<ipython-input-144-280f8b2856ce> in <module>()
----> 1 val.index(':")

ValueError: substring not found

SRS, countr] LLIR [B145 5 5 &5 1) H LI :

In [145]: val.count(',")
out[145]: 2

replace 1] TR E A B v o — M. B NS T4/, e hww T IR .

In [146]: val.replace(',', "::")
Out[146]: ‘'a::b:: guido’

In [147]: val.replace(',', "")

Out[147]: 'ab guido’
KT7-35 T Python N & 1775 R 7%
XEIEFRR I HREAE F IE MR IA LB (B EMaFED o
&R7-3: PythonAERFHSSA

Fik 152 AR

count REFREAFHFREFHEIRE (FES)

endswith. startswith MEFHFREMUENERER (UENBEHFAXL) . WEETrue

join BreRteEEEtFFEFEINT R

index NREFHEFHIFRE, VREBFEE—NFRAMENMN
B, MRREHE, W5|XEValueError,

find NREFHEPHIFE, WREEF— PRIV FEHE—
FHAMENME, OREZHHE, MEEER 1

rfind MRAEFHEAKE TR, WREEE— 1 RANFENE—
NFEHRENNE, OIREFHE, WEE 1

replace AR 1"EHEBREETH
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#x7-3: PYthonAEMNZFFHRRAE (%)

ik 5t AR

strip. rstrip. Istrip EBRZEAF (@%Tﬁﬁﬁ) s MY FRHENTERITxstrip()
(M Brstrip. Istrip) o Foi0

split BEEENDRETEFHFEFES I —EFH

lower, upper DA FEHFHRENNEHART

ljust. rjust AE® (HEMFFHF) EXFHFENZalEEFERIER
BB F 15 &

casefold $5 74 /NG, FEARFARAT R 5 DX 10 22 B 54 2 45 e il — 38 A A vl R 3K

I 2R TA 5

IENFRE IR T —Fh RIEHAESCA PR B CER AT 240 Frdfiaim . ENE
B HARfFregex, SRR IEMIRIAXIE S90S I F4FE . Python A B 1 re R HL 51 56 7145 5 B
FIEM A Bk 8 ik — 2] 7 Ui B A 79

Bit: EMFAERORSHITATLAE R %, Bl T AR, W R 3L s)
VSR B B VR

refE B B BT A=AV BRAULES . B LA L7 . 8%, ENTZ R AR . —4
regexittiid | EAE A FEA K — M, BERTUUH T2 B ATk E — AR a6 1
BRBRFRABES > —DFRE, DEREAANBEAEN —HTAR BEEM. T, 555 o ik
— N EZANT AR regexsg\s+:

In [148]: import re

In [149]: text = "foo bar\t baz \tqux"

In [150]: re.split('\s+', text)
Out[150]: ['foo', 'bar', 'baz', 'qux']

W Fre.split(\s+' text)if, ENIFRIANX 2 Fepidmie, R HrEtext B H Hsplit/7 . /7 LLH
re.compile F C\4 Pregex PAf 2| — > 1] # H [fregex i) %

In [151]: regex = re.compile('\s+")

In [152]: regex.split(text)
Out[152]: ['foo', 'bar', 'baz', 'qux']

IR A A3 2L Fcregex M T A A, U wT A Hifindall 75 i :

In [153]: regex.findall(text)
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out[153]: [ Lo\t T, AE]

il AN FRAREE G B R IE AP AT E R S ), AT DU R GG AT T

rC:\x' (B Lhge 5 HEM'C:\XD
WHERFT B2 757 N F— 2K BN R E R, mPd iUE T re.compilefl] iregex it % . X kK
Al LAY 4 K s CPURS ]
matchAflisearchiRfindall e, findalli [B] (12 7455 & A BT A FIUL AL, Tiisearch U H ik A 55—

ANULECIT. match SN/, B RILEFAF R IE . KE AT, BT —BOUA L K&
— 2R RENE IR K 70 FL 7 S e b ) I D i K

text = """Dave dave@google.com
Steve steve@gmail.com
Rob rob@gmail.com

Ryan ryan@yahoo.com
pattern = r'[A-Z0-9. %+-]+@[A-Z0-9.-]+\.[A-Z]{2,4}"'

# re.IGNORECASE makes the regex case-insensitive
regex = re.compile(pattern, flags=re.IGNORECASE)

Xftextf Fifindall s 75 21— 41 B ARk«

In [155]: regex.findall(text)

Out[155]:

[ 'dave@google.com',
'steve@gmail.com’,
"rob@gmail.com’,

'ryan@yahoo.com’ ]

searchik [l )2 SCA 88— Ll PF sl CRURFER I UL U X0 O AR [0 o X T iR
regex, VLECTIN G BE 5 VR HA LS UAE IR 7 745 A rp (R SR AN AR A B

In [156]: m = regex.search(text)

In [157]: m
Out[157]: <_sre.SRE_Match object; span=(5, 20), match='dave@google.com'>

In [158]: text[m.start():m.end()]
Out[158]: 'dave@google.com’

regex.matchJIl¥ iR [5INone, [524 & R ICHEC H BLTE 4 5 Sk A K
In [159]: print(regex.match(text))
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None

FHIRG S sub s AT LUK DL RC 2 AR QB 4R E 40 8, IR [l i 2 R0 7755 3«

In [160]: print(regex.sub('REDACTED', text))
Dave REDACTED

Steve REDACTED

Rob REDACTED

Ryan REDACTED

R BARA AR ELHR H T iRk, IR ARKE 2N bk 7y BN 4. P 4 i ARG 3
SEILIE TR, R R A o B 3CR 2% #8204 5 B SR B ]

In [161]: pattern = r'([A-Z0-9. %+-]+)@([A-Z0-9.-]1+)\.([A-Z]{2,4})"

In [162]: regex = re.compile(pattern, flags=re.IGNORECASE)

H XA 5O B LR U 238 3O 7 AL A VLT 5, AT LA i Hegroups 75 3 0] — A p s 2% B4l
JH)TE A -

In [163]: m = regex.match('wesm@bright.net")

In [164]: m.groups()
Out[164]: ('wesm', 'bright', 'net')

XA DB, findallsyik [al— N TeH 51K

In [165]: regex.findall(text)

Out[165]:

[('dave', 'google', 'com'),
('steve', 'gmail', 'com'),
('rob', 'gmail', 'com'),

('ryan', 'yahoo', 'com')]

subit BEIE I T U L \22Z ZRAVRFIRAT 5 U5 1) & UL BC I i 70 2H . A7 S\ 38— ML RS R, \25%
EE —ANLECAIA, DL

In [166]: print(regex.sub(r'Username: \1, Domain: \2, Suffix: \3', text))
Dave Username: dave, Domain: google, Suffix: com

Steve Username: steve, Domain: gmail, Suffix: com

Rob Username: rob, Domain: gmail, Suffix: com

Ryan Username: ryan, Domain: yahoo, Suffix: com
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Pythont it A5 V5 2 (M IE ML, (RS #5EE H T ABHEHE . R7-42 — M ZAHE.

R7-4: EMFRARNHE

A& A

findall. finditer EBEFHFRFMAENFEELERR. findallREHNZHAERER
EREYFIFR, MfinditerMiEIE —PMERBFENIEE

match MNFHFEERNENRERR, RMUMRARHoHTHE, IR
TR, MRE— P LERN R, EUIRENone

search RAREENTHRULEERER. ORKIVERE - EERAXNR., R
matchAE, EREMITMUNTFHFENEEMNE, MARNXEEL
&4

split RIEFH IR FFRFD AR

sub, subn BFEHFRPAEH (sub) BN (subn) BABRHIBEFRIE

A, ARBFHRPTLUEI, 2VEHSETENER

pandasi) 5k AL F 4T B R AL

B T BB I, 8 R B L AT SR B TR, ARG IR, S TR
B I I A R R K -

In [167]: data = {'Dave': 'dave@google.com', 'Steve': 'steve@gmail.com',
000008 ‘Rob': 'rob@gmail.com', 'Wes': np.nan}

In [168]: data = pd.Series(data)

In [169]: data

Out[169]:

Dave dave@google.com
Rob rob@gmail.com
Steve steve@gmail.com
Wes NaN

dtype: object

In [170]: data.isnull()

Out[17@]:

Dave False
Rob False
Steve False
Wes True
dtype: bool
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iitdata.map, A4 # ANENZRIE KT ER BRSNS H T (8 Nlambda#®is AR R HO %
AME, (HRUIRAAENA (nulD Fiahit. AT XN, SeriesH —LE g8 B NAE T
VR T8, AT A B RE . 85d Serieststr)@ PRI TV X 867 vk, fltn, FRATTAT BLE
str.containst 25 %A~ H 7 fE Ak 2 75 5 "gmail:

In [171]: data.str.contains('gmail')

Out[171]:

Dave False
Rob True
Steve True
Wes NaN

dtype: object

WA DM IEM AL, 38 AT BN EAE Sreike T (41IGNORECASE) -

In [172]: pattern
Out[172]: '([A-Z0-9._ %+-1+)@([A-Z0-9.-1+)\\.([A-Z]{2,4})"

In [173]: data.str.findall(pattern, flags=re.IGNORECASE)

Out[173]:

Dave [(dave, google, com)]
Rob [(rob, gmail, com)]
Steve [(steve, gmail, com)]
Wes NaN

dtype: object

AP INEFT LSEI R BRI T 3R IR U A fstr.get, EAfEstr)E It LM RS
In [174]: matches = data.str.match(pattern, flags=re.IGNORECASE)

In [175]: matches

Out[175]:

Dave True
Rob True
Steve True
Wes NaN

dtype: object

LT RIRASIR PRI, FATAT AL Z 5] BNZ P e

In [176]: matches.str.get(1)

Oout[176]:

Dave NaN
Rob NaN
Steve NaN
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Wes NaN
dtype: float64d

In [177]: matches.str[0]

Out[177]:

Dave NaN
Rob NaN
Steve NaN
Wes NaN

dtype: floaté64

PRAT AR IR A 5306 775 B AT 4

In [178]: data.str[:5]

Out[178]:

Dave dave@
Rob rob@g
Steve steve
Wes NaN

dtype: object

RT-50 4 T 2 pandas 7177 #: /7 %
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Hix Pt

cat LU BRFTEEESRE, TEESRF

count BRERFNFHEETERREEAA/RAHE

extract FRHESHENENFERNFETE seriecs BRE— - H E)-F/F 5, EEE — DataFrame,
BHE—7

endswith L FIETTERIT x.endswith(pattern)

startswith HEETFIHESTTERIT xstartswith(pattern)

findall HEEFHEEXFE

get EEETLENE | M FR

isalnum HETFHERT stralnum

isalpha BT HER] strisalpha

isdecimal HETFHERT strisdecimal

isdigit HE TR ER strisdigit

islower BT HERT strislower

isnumeric LT M ER] strisnumeric

isupper HEF A ERT strisupper

join HIEfE E M9 TREY Series T ETENEFEEEEFE

len HEEFHENKE

lower,upper EEIPE. HYTHENTERIT xlower()Z x.upper()

match AR TE E HE N FA R &L ERAT re.match, REIILEFIE A FIFE

pad EFFENED. FUSBELENZESH

center 22T pad(side="both’)

repeat EFE. 0. sstrrepeat3) AT & FRSEHIT x*3

replace AREEFTEERMEIAESR

slice X Series FHIE N FIFEHITFEE

split BT R ENRIEA X FIFEHETRS

strip ERBEHNZESR, GEFHT

rstrip EBREDHZEER

Istrip EBREHNZA

7.4 045
e AP R v 2 mT AL AAORE BE 22 FX I 1) B T 20 A, e iR 1) Y 3o A, IXREmi AT AR

K E s . BRAEARZ RS T2 TE, HEGHASE. F—5, 122 Ipandas
FIEE S5 0dAH.
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FEVEZ N, Bl R 23 BCE VR 2 SO B8 e, APl R Rt AR T e A R LR
& B EBBURITE.

B, RaNdipandasiZAMRSG], B 2T UEERE. Ra, FIRANH T —LRFIRIE
PEPRAE. (R4, (RF] DG BIIX L TR Z RN .

8.1 E XL & Al

JEALZE 5] (hierarchical indexing) J&pandasif)—TiE B IhfE, EAEIRAERE — D EH 24
(BANCLED) REIG5H. dhgaul, e Rae DMEYE A m g SdE . BAVkRE — A5
157 B —A Series, JFH—A 5K BEHH LTI RAENZE ]

In [9]: data = pd.Series(np.random.randn(9),
. indeX=[[laI, laI, laI, lbl) lbl, lcl, lcl) ldl, ldl],
(1, 2, 3, 1, 3, 1, 2, 2, 31])

In [10]: data

out[10]:

a 1 -0.204708
2 0.478943
3 -0.519439

b 1 -0.555730
3 1.965781

c 1  1.393406
2 0.092908

d 2  0.281746

3 0.769023
dtype: float64

B IR R AT A MultiindexZ 51 1) Series A% . 51 Z A1 "R B8 H E
T I ARZE"

In [11]: data.index
out[11]:
MultiIndex(levels=[['a‘, 'b', 'c', 'd"'], [1, 2, 211,
labels=[[0, 0, ©, 1, 1, 2, 2, 3, 3], [0, 1, 2, @, 2, 0, 1, 1, 2]])

M DNEURARIMXTR, WTUEAPTERS RS, A E R B TS 35 1 T

In [12]: data['b']
Out[12]:

1 -0.555730

3 1.965781
dtype: float64
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In [13]: data['b"':'c']
Out[13]:
b 1 -0.555730

3 1.965781
c 1 1.393406

2 0.092908
dtype: float64

In [14]: data.loc[['b", 'd']]
Out[14]:
b 1 -0.555730
3 1.965781
d 2 0.281746
3 0.769023
dtype: float64

A7 I LA E T AR A JR 7 PR EEAT IR HL -

In [15]: data.loc[:, 2]
Out[15]:

a 0.478943

C 0.092908

d 0.281746

dtype: float64

JE AR 5 R AN T A A (UEMRA R Frias BB A, Flan, wTelEd
unstack /5 1744 1% BEEE 55 % HEF]— > DataFrame - :

In [16]: data.unstack()
Out[16]:

1 2 3
a -0.204708 0.478943 -0.519439
b -0.555730 NaN 1.965781
c 1.393406 ©0.092908 NaN
d NaN ©.281746 0.769023

unstack )i iz 5 /& stack:

In [17]: data.unstack().stack()

Out[17]:

a 1 -0.204708
2 0.478943
3 -0.519439

b 1 -0.555730
3 1.965781

c 1 1.393406
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2 0.092908
d 2 0.281746

3 0.769023
dtype: float64

stackfllunstacklf 75 A8 5 J5 [H FELH BE .
%t F—/~DataFrame, &&H#E LA ERT:

In [18]: frame = pd.DataFrame(np.arange(12).reshape((4, 3)),
et index=[['a', 'a', 'b', 'b'1, [1, 2, 1, 2]1,

00003 columns=[['Ohio', 'Ohio', 'Colorado'],

50008 ['Green', 'Red', 'Green']])

In [19]: frame

Out[19]:
Ohio Colorado
Green Red Green
al 0 1 2
2 3 4 5
b 1 6 7 8
2 9 10 11

FRHTUA LT (TLGRTAE, WA LRI Pythonxt &) « WIRIEE 74, EfIa &
ANEFE G

In [20]: frame.index.names = [‘'keyl', ‘key2']
In [21]: frame.columns.names = ['state', 'color']

In [22]: frame

out[22]:

state Ohio Colorado

color Green Red Green

keyl key2

a 1 (%] 2
2 3 4 5

b 1 6 8
2 9 10 11

HE: MLIX TS| Astate. color51TFR%E .
A VARG, BT AR A S 7 4
In [23]: frame['Ohio']

Out[23]:
color Green Red
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keyl key2

a 1 0 1
2 3 4
b 1 6
2 9 10

] DL A @ Multiindex$R 5 2 H . B DataFrame (] CGHAE 4224485 B a] DLIXAFE A4 «

MultiIndex.from_arrays([['Ohio', 'Ohio', 'Colorado'], ['Green', 'Red', 'Green']],
names=[ 'state’, 'color'])

EAES 7 B HF

A, RTE BT R B GO B, SRR 1 E 20 R B AT HE R
swaplevel i3 P>l 4 5 B A AR, IR Bl — DT T IO EN 5 (ERWE AR ER) -

In [24]: frame.swaplevel( 'keyl', ‘key2")

out[24]:

state Ohio Colorado
color Green Red Green
key2 keyl

1 a (%] 1 2
2 a 3 4 5
1 b 6 7 8
2 b 9 10 11

iMsort_index AR 5.4~ 2 53] i AE S B BEAT HE Y o AC# I, H % B 2 ] #lsort_index, 1X
PR 28 45 Rl N R U i AT 7 B R 1

In [25]: frame.sort_index(level=1)

Out[25]:

state Ohio Colorado
color Green Red Green
keyl key2

a 1 0 1 2
b 1 6 7 8
a 2 3 4 5
b 2 9 10 11

In [26]: frame.swaplevel(©, 1).sort_index(level=0)

Out[26]:

state Ohio Colorado
color Green Red Green
key2 keyl

1 a 0 1 2
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b 6 7 8
2 3 4 5
b 9 10 11

AR Ve st

¥ % XfDataFramefISeries ik MY Gi it #8A — Mevelib W, & HI T4 & 7E K5 il SR AN 2%
Ao FEL LA DataFrame i,  FATRT LIARYEAT 8BS L 1 25 R AFEAT KA -

In [27]: frame.sum(level="key2")

out[27]:

state Ohio Colorado
color Green Red Green
key2

1 6 8 10
2 12 14 16

In [28]: frame.sum(level='color', axis=1)

Out[28]:

color Green Red

keyl key2

a 1 2 1
2 8 4

b 1 14 7
2 20 10

X HSEFH T pandasftigroupbyhRg, AAE fE o AT FEAN BE

1 Fi DataFrame1] 1) i3 174 5]

MNI&H B DataFrame ) — N2 N AT R SR, 88 AT RE A B AT R 51 A8k
DataFrameff%1. UL FfjixDataFrame 9f:

In [29]: frame = pd.DataFrame({'a': range(7), 'b': range(7, 0, -1),
ceell 'c': ['one', 'one', 'one', 'two', 'two',
e "two', 'two'],

'd': [0, 1, 2, 0, 1, 2, 3]})

In [30]: frame

Out[30]:

a b c d
© 0 7 one 0
1 1 6 one 1
2 2 5 one 2
3 3 4 two ©
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4 3 two 1
5 2 two 2
6 1 two 3

a v b

DataFrameffset_index R 5L 204 H— a2 M H #3172 5], IEEIE—/ M #ifDataFrame:
In [31]: frame2 = frame.set_index(['c', 'd'])

In [32]: frame2

Oout[32]:
a b
c d
one @ 0 7
1 1 6
2 2 5
two 0 3 4
1 4 3
2 5 2
3 6 1

BROAEOLR, ARLe%)<x \DataFrame 1 #2Fx, (HAH 0] LUK HAREE ok

In [33]: frame.set_index(['c', 'd'], drop=False)
Out[33]:
a b c d

one one
one
one
two two
two
two

w N B O N P © Q
o U1 A W N R O
P N Wb U1 O N
w N B O N R O

two

reset_index(¥) T figEset_indexNILf A, FE IR BI04 2151 B

In [34]: frame2.reset_index()

Out[34]:

c d a b

© one O 0 7
1 one 1 1 6
2 one 2 2 5
3 two 0 3 4
4 two 1 4 3
5 two 2 5 2
6 two 3 6 1
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8.2 & H %

pandasxi & H it AT Lo i — 2875 ST &

e pandas.mergeF] {1 #i — A 2 M A [FlDataFrame F1 (47 k2 . SQLEL HA 56 R 7%

I P et B 12 2 LR BRGR TR A e S ) it 2 00 o o join 88 4

pandas.concati] LAV — SR LKy 20 RS B — ik

o S 7% combine_firsta] LUK B R HAEHHEETE— R, F— X R IR I 7S 5 — R Gob gk
KB

TR AT EATHAT bR, JF4 tH— e 1. ABRIR I KR E LW e

5 JE X% ¥ DataFrame & J3f

HIEEN A I (merge) SR (join) 2 H&EM — M2 NMEEATERE KM . XEIE L
RAHIRE (FETSQL) Ak . pandasfimerge iR B Xt B B X S 0 i) 2 BN o

LM B 1 10T 4

In [35]: dfl = pd.DataFrame({'key': ['b', 'b', 'a', 'c', 'a', 'a', 'b'],
00008 ‘datal’: range(7)})

In [36]: df2 = pd.DataFrame({'key': ['a', 'b', 'd'],
50008 ‘data2': range(3)})
In [37]: df1
Out[37]:
datal key
(%] (%] b
1 1 b
2 2 a
3 3 C
4 4 a
5 5 a
6 6 b
In [38]: df2
out[38]:
data2 key
(%] (%] a
1 1 b
2 2 d

KRR — a3t dfh SR E 2 M bsid hafibii4r, ifidf2key s B4R ME AL B
—ATo XTIXELXT G Fmerge B n] 15 2]
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In [39]: pd.merge(dfl, df2)

out[39]:

datal key data2
(%] (%] b 1
1 1 b 1
2 6 b 1
3 2 a 0
4 4 a 0
5 5 a 0

R, BOFSCAH TR EAA ST IER . WRBAIRE, mergeft 2 HEFIMFI4 L. A
L, I E

In [40]: pd.merge(dfl, df2, on='key")

Out[40]:

datal key data2
(%] (%] b 1
1 1 b 1
2 6 b 1
3 2 a 0
4 4 a 0
5 5 a 0

R RT RPN AE, ] Ao AT 46 52 «

In [41]: df3 = pd.DataFrame({'lkey': ['b', 'b"', 'a', 'c', "'a', 'a', 'b'],
00008 ‘datal’: range(7)})

In [42]: df4 = pd.DataFrame({'rkey': ['a', 'b"', 'd'],
00008 ‘data2': range(3)})

In [43]: pd.merge(df3, df4, left_on='lkey', right_on="rkey")

out[43]:

datal lkey data2 rkey
(%] (%] b 1 b
1 1 b 1 b
2 6 b 1 b
3 2 a (%] a
4 4 a (%] a
5 5 a (%] a

ARRCAEREE T, SR BEicMdbl b 5 Z HRIEHEH K 7. BUAEL T, mergefit 12" W
B AR E R E. HAhTr e eft" "right"LL K "outer". HMZEHESRE & 4,
WA T I BN R R
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In [44]: pd.merge(dfl, df2, how='outer")

out[44]:

datal key data2

b

b

b

a

a

a
C NaN

NaN d

R8-S IXLER AT 1 45 .

12 151 Vi BA

b

Inner

FRMNREGIE

.

left FHRARFTTENE

b

right FHARTMAENE

.

ERMADRPEE

outer

X EREIHALEAEN. BT T

In [45]: dfl = pd.DataFrame({'key': ['b", 'b', 'a', 'c¢', 'a', 'b'],
ceet ‘datal’: range(6)})

In [46]: df2 = pd.DataFrame({'key': ['a"', 'b', 'a', 'b', 'd'],
et ‘data2': range(5)})

In [47]: dfl
out[47]:
datal key

c 9 N 9 O O

In [48]: df2
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Oout[48]:

data2 key
(%] (%] a
1 1 b
2 2 a
3 3 b
4 4 d

In [49]: pd.merge(dfl, df2, on='key', how='left")

Out[49]:

datal key data2
(%] 0 b 1.0
1 0 b 3.0
2 1 b 1.0
3 1 b 3.0
4 2 a 0.0
5 2 a 2.0
6 3 [« NaN
7 4 a 0.0
8 4 a 2.0
9 5 b 1.0
10 5 b 3.0

N 2R A RRAT I RRFA. BT il DataFrame 5 34T, HIAMG24~, bl
LR 60" T . Ry RN IR 45 R A A [R] AR B A A

In [50]: pd.merge(dfl, df2, how='inner")
Out[50]:

datal key data2
o b

W 00 N O U1 p W N P O
A A DO DN UV UTERE PO
Q O ®»© W O O O O O
N © N ©O W R W Rk W Rk

FREZ MRBATEI, AN DS AR PR AT
In [51]: left = pd.DataFrame({'keyl': ['foo', 'foo', 'bar'],
'key2': ['one', 'two', 'one'],
"lval': [1, 2, 31})

In [52]: right = pd.DataFrame({'keyl': ['foo', 'foo', 'bar', 'bar'],
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e 'key2': ['one', 'one', 'one', 'two'],
00008 'rval': [4, 5, 6, 7]1})

In [53]: pd.merge(left, right, on=['keyl', 'key2'], how='outer")
Oout[53]:

keyl key2 1lval rval

foo one 1.0 4.0

foo one 1.0 5.0

foo two 2.0 NaN

bar one 3.0 6.0

bar two NaN 7.0

A W N R O

SR o e A S R T TR S T, ARAT DU RER B AR . 2 DMEIE N — RYITH, IF
R R CHR, Shr EIFAZRIR AR

T fEHAT S —HiEHER, DataFrameXf R HIR 91 24 58

ST A IS H T EE R G — A W R EE A A, BARRA] DL AR A 4 5 S 1 i) 7
(AERIHA B EA LR , {Hmergefs — N S suffixesi i, T8 EMHma) /24
W A~DataFrameXf RN EE 5| 4 TR/ 58

In [54]: pd.merge(left, right, on="keyl")
Out[54]:
keyl key2 x 1lval key2_y rval

o foo one 1 one 4
1 foo one 1 one 5
2 foo two 2 one 4
3 foo two 2 one 5
4 bar one 3 one 6
5 bar one 3 two 7

In [55]: pd.merge(left, right, on='keyl', suffixes=('_left', '_right'))
Out[55]:
keyl key2_left 1val key2_right rval

o foo one 1 one 4
1 foo one 1 one 5
2 foo two 2 one 4
3 foo two 2 one 5
4 bar one 3 one 6
5 bar one 3 two 7

mergelJZ %152 W.3%8-2. fi fiDataFramelf417 K 5| & 42 T — T = 7.

#8-2 merge i HL I 5
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S8 il

left 545 A MDataFrame

right 55 M4 iDataFrame

how “inner” . “outer” . “left” . “right” Hfz—. FKIAA
inner

SH i)z

on ATEEnIE., SFAeTAEMm M DataFrameX R, WERKLE
£, BEMEEREBAIEE, UleftFright| B EENEZE

left_on Zr MiDataFrame R A EE E# 5

right_on 4 MiDataFrame ' A{EEE BT

left_index BRI AfEREEs

right_index Il Fleft_index

sort RIFEEESEFENERATHR, KA ATrue. ARELIEREL
R, Z2AZEM ) RGETHMEE

suffixes FHEARETH, BTEMNIEEINZNERE, FIAB(_X, '_y). B
M, MEALLFENDataFrameX REAH “data” . MERFmstii
“data_x” # “data_y”

copy WE HFalse, JMUAEREFHRBATEHEEEIES T EREIEES

F, MABEEH

indicator S IR 51_merge, ‘& nT LLRBIREAMT RKIE, B {EAleft_only. right_onlyzk
both, MR EEAT 1) FFE s K UR o

=5l LA I

g, DataFrame (i iesgh TH RS F . EXFEA T, /K0T LML Nleft_index=Truesk
right_index=True (SFANERE) LLULHA 2R 51 NiZ 4k A AE G F2

In [56]: leftl = pd.DataFrame({'key': ['a', 'b"', 'a', 'a', 'b', 'c'],

.....

‘value': range(6)})

In [57]: rightl = pd.DataFrame({ group val': [ , 71}, index=['a‘', 'b'])

In [58]: leftl

out[s58]:

key value

a
b

a
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In [59]: rightl

Out[59]:
group_val

a BES

b 7.0

In [60]: pd.merge(leftl, rightl, left_on='key', right_index=True)
Out[60]:
key value group_val

a 0 3.5

A P W N O

2 3.5
3 3.5
1 7.0
4 7.0

c C 9 o

M1 T ERIN I merge 7 i SRR BE R 2C 8, DRI T DA A4 1 07 SAF 2 EATH IR 4R -

In [61]: pd.merge(leftl, rightl, left_on='key', right_index=True, how='outer")
Out[61]:

key value group_val

(%] a 0 3.5
2 a 2 BN
3 a 3 3.5
1 b 1 7.0
4 b 4 7.0
5 @ 5 NaN

MFREXUR G HE, HERARER T, BOVRIINEIFAZ 2R G

In [62]: lefth = pd.DataFrame({'keyl': ['Ohio', 'Ohio', 'Ohio"',
et 'Nevada', 'Nevada'],
Sa0as 'key2': [2000, 2001, 2002, 2001, 2002],
ceelt ‘data': np.arange(5.)})

In [63]: righth = pd.DataFrame(np.arange(12).reshape((6, 2)),
00008 index=[['Nevada', 'Nevada', 'Ohio', 'Ohio’,
ceelt 'Ohio', 'Ohio'],
0008 [2001, 2000, 2000, 2000, 2001, 2002]],
00008 columns=['eventl', 'event2'])

In [64]: lefth

Out[64]:
data keyl key2
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Ne
Ne

ri

0 0.0
1 1.0
2 2.0
3 3.0
4 4.0
In [65]:
Out[65]:
Nevada

Ohio

2001
2000
2000
2000
2001
2002

Ohio
Ohio
Ohio
vada
vada

ghth

ev

2000
2001
2002
2001
2002

entl

0o o B~ N

10

event2
1
3
5
7
9

11

RAEOLT, PRBATASR I A I8 W E S IR 2 451 (7E B how="outer X} H&2 % 51 {E 1

AEFR) -

In [66]:

out[66]:

data
0.0
0.0
1.0
2.0
3.0

w N PO

A D W N R OO
A W N R O

Ne

keyl
Ohio
Ohio
Ohio
Ohio
vada

key2
2000
2000
2001
2002
2001

eventl
4

6

8

10

0

event2
5

7

9

11

1

pd.merge(lefth, righth, left_on=['keyl', 'key2'], right_index=True)

: pd.merge(lefth, righth, left_on=['keyl', ‘'key2'],
right_index=True, how='outer")

Ne
Ne
Ne

keyl
Ohio
Ohio
Ohio
Ohio
vada
vada
vada

key2
2000
2000
2001
2002
2001
2002
2000

eventl
4.0
6.0
8.0
10.0
0.0
NaN
2.0

event2
5.0
7.0
9.0
11.0
1.0
NaN
3.0

5] IS A FH 4 9 0005 A 28 5 9 T

In [68]: left2

s e e

= pd.DataFrame([[1., 2.], [3., 4.1, [5., 6.1],

index=['a",

e, 'e'],

columns=['Ohio', 'Nevada'])

In [69]: right2 = pd.DataFrame([[7., 8.], [9., 10.], [11., 12.], [13, 14]1],
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e index=['b', 'c', 'd', 'e'],

00008 columns=[ 'Missouri', 'Alabama'])

In [70]: left2

out[70]:

Ohio Nevada
a 1.0 2.0
C 3.0 4.0
e 5.0 6.0

In [71]: right2

Out[71]:

Missouri Alabama
b 7.0 8.0
C 9.0 10.0
d 11.0 12.0
e 13.0 14.0

In [72]: pd.merge(left2, right2, how='outer', left_index=True, right_index=True)

out[72]:

Ohio Nevada Missouri Alabama
a 1.0 2.0 NaN NaN
b NaN NaN 7.0 8.0
C 3.0 4.0 9.0 10.0
d NaN NaN 11.0 12.0
e 5.0 6.0 13.0 14.0

DataFrameit i — MEHEMjoin LI J51%, B REE NI ML R 51 & . BT T&HFZ4
A AR B 2R 51 fDataFramext &, HESREA HEKFH. (£ LA, JATHT L%

5z

5,

In [73]: left2.join(right2, how='outer")

Out[73]:

Ohio Nevada Missouri Alabama
a 1.0 2.0 NaN NaN
b NaN NaN 7.0 8.0
C 3.0 4.0 9.0 10.0
d NaN NaN 11.0 12.0
e 5.0 6.0 13.0 14.0

BRI Sy — 6 g s AR 3t BE JELR), - DataFramelffijoin s i BRAS FH & A0 4%, 1R R R IAT &R
5l. BIESZFFE I DataFrameff) %) L, ZE4&4L % DataFrameX 5| :

In [74]: leftl.join(rightl, on='key")
Out[74]:

key value group_val
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vi b W N PO
cC 9 9 O© L
uvi ph W N RO
N W w NN w
® U1 U1 © U

NaN

@]

e, MFREMRS SR, RIET PLHjoinfe A —2HDataFrame, F— /445 Ay H 1)
concatbR %, WaESZIlIhRE:

In [75]: another = pd.DataFrame([[7., 8.], [9., 10.], [11., 12.1, [16., 17.1],
50008 index=['a"', 'c', 'e', 'f'],
00008 columns=[ ‘New York",

'Oregon'])

In [76]: another

Out[76]:

New York Oregon
a 7.0 8.0
[« 9.0 10.0
e 11.0 12.0
f 16.0 17.0

In [77]: left2.join([right2, another])

Out[77]:

Ohio Nevada Missouri Alabama New York Oregon
a 1.0 2.0 NaN NaN 7.0 8.0
C 3.0 4.0 9.0 10.0 9.0 10.0
e 5.0 6.0 13.0 14.0 11.0 12.0

In [78]: left2.join([right2, another], how='outer')

Out[78]:

Ohio Nevada Missouri Alabama New York Oregon
a 1.0 2.0 NaN NaN 7.0 8.0
b NaN NaN 7.0 8.0 NaN NaN
[« 3.0 4.0 9.0 10.0 9.0 10.0
d NaN NaN 11.0 12.0 NaN NaN
e 5.0 6.0 13.0 14.0 11.0 12.0
f NaN NaN NaN NaN 16.0 17.0

il 71 3% 43

P —FhEE A IS B MR AEIES: (concatenation) . 85 (binding) EilES (stacking) .
NumPyftconcatenation &% £ 7] LA FH NumPy 2 Sk i -

In [79]: arr = np.arange(12).reshape((3, 4))
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In [80]: arr

Out[80]:

array([[ @, 1, 2, 3],
[ 4, 5, 6, 7],
[ 8, 9, 10, 111])

In [81]: np.concatenate([arr, arr], axis=1)
out[81]:
array([[ ¢, 1, 2, 3, o, 1, 2, 31,

[ 4, 5, 6, 7, 4, 5, 6, 7],

[ 8, 9, 10, 11, 8, 9, 10, 11]])

Xt Fpandasxf R (4nSeriesHDataFrame) , i A ARAE AT IR AE O 1 —DHE B R E RIS
o BARSL, RIEFRESED T IXEARTE:

o WIRNRAEILEHI LIMRBIARE, FTAINZE I XA FTRIEZ R EHACE?

o EFEMIBIEE LT T EAL BT R ?

o EFHIPRAFIIEIE R B FEME? 20T, DataFrameBR oA I3 5bR 25 i I 70 2 B2 i i
i,

pandasfjconcat ek ZUHE it T —Fh REHE fif pax L8 ) @ v 5507 Ko FOKG4h i — L6 1R g L Ad
77 B =ANEA EE R T HSeries:

In [82]: s1 = pd.Series([9, 1], index=['a', 'b'])

In [83]: s2 = pd.Series([2, 3, 4], index=['c', 'd", 'e'])

In [84]: s3

pd.Series([5, 6], index=['f', 'g'])

Fob X et % 1 F concat i LUEHE A& 51 kL & 7 —itg

In [85]: pd.concat([s1l, s2, s3])

Out[85]:
a (%]
b 1
C 2
d 3
e 4
f 5
g 6

dtype: int64

BRIMNEML T, concat/gffaxis=0_& TAER], &7 4 — N Fift)Series. WIHRAL Naxis=1, N2k Rk
245 R —/NDataFrame (axis=1/&%1)) :
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In [86]: pd.concat([sl, s2, s3], axis=1)
out[86]:

0.9 NaN NaN
1.0 NaN NaN
NaN 2.6 NaN
NaN 3.9 NaN
NaN 4.6 NaN
NaN NaN 5.0
NaN NaN 6.0

m -Hh ™ QA n O

XFES T, AN EEAES, WNRIINATIHE GAEER BT LE K. £
join="inner' B v 1§ 2 &A1 A2 £E -

In [87]: s4 = pd.concat([sl, s3])

In [88]: s4
out[88]:

a (%]

b 1

f 5

g 6

dtype: int64

In [89]: pd.concat([sl, s4], axis=1)
out[89]:
0
0.0
1.0
NaN
NaN

| +H © o
(o) WV B R S I

In [90]: pd.concat([sl, s4], axis=1, join='inner")
Oout[99]:

0 1
a 0 o
b 1 1

FERXABIFrf, FRIghREETH R 1, 2 O Y 2 join="inner 1L T .
fRn] Ui i join_axesHR i EAEH B EAEH ARSI -

In [91]: pd.concat([s1, s4], axis=1, join_axes=[['a’, 'c', 'b', 'e']])

Out[91]:
0 1
a 0.0 0.0
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¢ NaN NaN
b 1.0 1.0
e NaN NaN

A EA I, 2 5B BAE S b XN ARTT . SR AR SR R — R R IR Tl
i Fl keys 2 $ BV AT 34 B3 A H 19:

In [92]: result = pd.concat([s1l, s1, s3], keys=['one','two', 'three'])

In [93]: result

Out[93]:

one a 0
b 1

two a (%]
b 1

three f 5
g 6

dtype: int64

In [94]: result.unstack()
out[94]:

a b f g
one 0.0 1.0 NaN NaN
two 0.0 1.0 NaN NaN
three NaN NaN 5.9 6.0

AR axis=1%f Seriesi AT & 3F, Wkeysih<: % yDataFrameft 71k :

In [95]: pd.concat([sl, s2, s3], axis=1, keys=['one','two', 'three'])
Out[95]:

one two three

0.0 NaN NaN

1.6 NaN NaN

NaN 2.0 NaN

NaN 3.0 NaN

NaN 4.0 NaN

NaN NaN 5.0

NaN NaN 6.0

cm -Hh m QA n O

[ B 132 48t 3& F - T-DataFrame X} % :

In [96]: dfl = pd.DataFrame(np.arange(6).reshape(3, 2), index=['a', 'b', 'c'],
vl columns=[‘one', "two'])
In [97]: df2 = pd.DataFrame(5 + np.arange(4).reshape(2, 2), index=['a', 'c'],

vl columns=["three', 'four'])
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In [98]: df1

out[98]:
one two
(%) 1
2 3
C 4 5
In [99]: df2
out[99]:
three four
a 5 6
[« 7 8

In [100]: pd.concat([dfl, df2], axis=1, keys=['levell', 'level2'])

out[100]:
levell level2
one two three four
a (%] 1 5.0 6.0
b 2 3 NaN NaN
C 4 5 7.0 8.0

WARAR NI AR IR A7, 7 S Bt 2 1 2 filkey s I I O«

In [101]: pd.concat({'levell': dfl, 'level2': df2}, axis=1)

out[161]:
levell level2
one two three four
a 0 1 5.0 6.0
b 2 3 NaN NaN
C 4 5 7.0 8.0

BEANEA A TE BRI RS Q2T AN S8 (S 0R8-3) « #4Ml1, FATATLLHnames
S ¥ 44 B B A0 -

In [102]: pd.concat([dfl, df2], axis=1, keys=['levell', 'level2'],

500008 names=[ 'upper', 'lower'])

out[162]:

upper levell level2
lower one two three four
a 0 1 5.0 6.0
b 2 3 NaN NaN
C 4 5 7.0 8.0

G —N 5% T DataFrameff i) i /2, DataFramelf47 & 5] A & A FH S E 3 -
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In [103]: dfl

pd.DataFrame(np.random.randn(3, 4), columns=['a’', 'b', 'c', 'd'])

In [104]: df2 = pd.DataFrame(np.random.randn(2, 3), columns=['b', 'd', 'a'])

In [105]: df1l
Out[165]:

a b C d
© 1.246435 1.007189 -1.296221 0.274992
1 0.228913 1.352917 ©0.886429 -2.001637
2 -0.371843 1.669025 -0.438570 -0.539741

In [106]: df2
Out[106]:

b d a
0 0.476985 3.248944 -1.021228
1 -0.577087 0.124121 0.302614

EXFEN T, £ Nignore_index=Truef[ 7] ;

In [107]: pd.concat([dfl, df2], ignore_index=True)
out[167]:
a b c d
0 1.246435 1.007189 -1.296221 0.274992
1 ©0.228913 1.352917 0.886429 -2.001637
2 -0.371843 1.669025 -0.438570 -0.539741

3 -1.021228 ©.476985 NaN 3.248944
4 0.302614 -0.577087 NaN ©.124121

S A

objs 25 EMpandasH R KK FH, B—ATHSH

axis IEREENHE, AIAA0

join “inner” . “outer” Hifz—, BIAH “outer” . I5HEfhHE L

MESIZZRZE (inner) EZHE (outer) L.ﬁ:JfF
join_axes IEIAATHEM 158N RS, FRTHE/ZEE

keys 5&dRAxNE, Fﬁ?ﬁﬁﬁiij%%ﬁt%ﬁﬁﬁftﬁél o 2 F
EENIIRIEAE, TAE, HEF xR (MR Elevelsix ERNZ R4
HIYIE)

levels EE MR R RIS RS LHRS], MBEE T keyshiE T

names ATEEDERANNEFR, WREE T keysH () leveIsE{]iﬁ

verify_inteqrity € EE RN EZHMMLMEEFRL, WRELARNSILFE., KA
(False) RTEE

ignore_index  AMREZEEM MRS, T4 —HF %S range(total_length)
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HIFES I

WA — P 20 4 10 RS BE T BT B & 9F (merge) B0i%3% (concatenation) i@ RALER. Hotn
Ui, RATREE KRB ARl EE MW N SR . 280G B A MERBT, BAEFANumPyffiwhere
BREL, BRR— RS T 1 1R 2 4H if-else:

In [108]: a

pd.Series([np.nan, 2.5, np.nan, 3.5, 4.5, np.nan],
index=['f', 'e', 'd', 'c', 'b', 'a'l])

pd.Series(np.arange(len(a), dtype=np.float64),
index=['f"', 'e', 'd', 'c', 'b', 'a'])

In [110]: b[-1] = np.nan

In [111]: a
Out[111]:

£
e
d
C
b
a

dtype: float64

In [112]: b
Out[112]:
f 0.0
e 1.0
d 2.0
[« 3.0
b 4.0
a NaN

dtype: floaté64

NaN
2.5
NaN
B
4.5
NaN

In [113]: np.where(pd.isnull(a), b, a)
Out[113]: array([ ©. , 2.5, 2., 3.5, 4.5, nan])

SeriesH —~combine_first/77%, SZHLIHZ —FERIThRE, 77 A pandas i X 55

In [114]: b[:-2].combine_first(a[2:])

Out[114]:

-~ ® Q9 n O o

NaN
4.5
3.0
2.0
1.0
0.0
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dtype: float64

%} FDataFrame, combine_firstH sR th 27641 LA RIFE 317,  [RIHAR AT DK FE il
HH RO 9 FE R S s R B “F T AR T

In [115]: dfl = pd.DataFrame({'a":
'b':
‘e"8

-
S
—
=
=
(o))
—
Q.
-+
N
1]

In [117]: df1l
Out[117]:

a
1.0
NaN
5.0
NaN

w N P o

b ¢
NaN 2
2.0 6
NaN 16
6.0 14

In [118]: df2
Out[118]:

a
5.0
4.0
NaN
3.0
7.0

A W N R O

b
NaN
3.0
4.0
6.0
8.0

pd.DataFrame({'a":
'b':

In [119]: dfl.combine_first(df2)
Out[119]:

a

A W N R O
N w v b
© ®© © © ©

8.3 E JH Nl m) Jje i

b c
NaN 2.0
2.0 6.0
4.0 10.0
6.0 14.0
8.0 NaN

[1., np.nan, 5., np.nan],
[np.nan, 2., np.nan, 6.7,
range(2, 18, 4)})

[5., 4., np.nan, 3., 7.1,
[np.nan, 3., 4., 6., 8.1})

: AR R

A2 T EB P RS R R . XA R (reshape) =liklin) g

02V C ]

s,

(pivot) iz

246



JZ UM E 5| yDataFrame$dfa 1 EHHME SR 17— P A A — SR U7 50 EEIIREA

o stack: HEHEHI e NIT
o unstack: FEHE AT ERE N .

P — RIVVEGIR PR L3 (E . 8T RE — M DataFrame, H AT HIR 514087
R AL

In [120]: data = pd.DataFrame(np.arange(6).reshape((2, 3)),
et index=pd.Index(['Ohio', 'Colorado'], name='state'),
..... : columns=pd.Index(['one"', "two', 'three'],

..... : name="number"'))

In [121]: data

Out[121]:

number one two three
state

Ohio 0 1 2
Colorado 3 4 5

X IZEE A F stack 77 2RI AD R 1) 36 947, 193] — > Series:
In [122]: result = data.stack()

In [123]: result

Out[123]:

state number

Ohio one 0
two 1
three 2

Colorado one 3
two 4
three 5

dtype: inte4

XF—NERWE 5 FISeries, 111] LA unstackl H & iy —4~DataFrame:

In [124]: result.unstack()

Out[124]:

number one two three
state

Ohio (%) 1 2
Colorado 3 4 5

BRAINEDL R, unstack#RERERN)E (stacktB 2 Witt) o N3 2800 K4 5 B AR R X e
2 134T unstack i A -
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In [125]: result.unstack(9)
Out[125]:
state Ohio Colorado

number

one 0

two 1 4
three 2

In [126]: result.unstack('state")
Out[126]:
state Ohio Colorado

number

one 0

two 1 4
three 2

WERAE T B EAREAE S 2 PR B, Iunstack A 7T RE 2 5N SR R EH -

In [127]: s1 = pd.Series([9, 1, 2, 3], index=['a', 'b', 'c', 'd'])

In [128]: s2 = pd.Series([4, 5, 6], index=['c', 'd', 'e'])

In [129]: data2 = pd.concat([sl, s2], keys=['one', "two'])
In [130]: data2

Out[13@]:
one a

two

m QO N Q n O
uu b W N P O

6
dtype: int64

In [131]: data2.unstack()
Out[131]:

a b C d e
one 0.0 1.0 2.0 3.0 NaN
two NaN NaN 4.0 5.0 6.0

stackER I\ S UERRBR I EHE, RbiZia 52 T W .

In [132]: data2.unstack()
out[132]:
a b C d e
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one 0.0 1.0 2.0 3.0 NaN
two NaN NaN 4.0 5.0 6.0

In [133]: data2.unstack().stack()

Out[133]:

one a 0.0
b 1.0
[« 2.0
d 3.0

two ¢ 4.0
d 5.0
e 6.0

dtype: float64

In [134]: data2.unstack().stack(dropna=False)
Out[134]:

one a 0.9
1.0
2.0
3.0
NaN
NaN
NaN
4.0
5.0
6.0
dtype: float64

two

™ Q N T 9 Mm® Q9 nNn o

fEXf DataFrameit T unstacki®1EI, 15 e i (10 904G 2 O 25 A AP K iRk 1 -

In [135]: df = pd.DataFrame({'left': result, 'right': result + 5},

000008 columns=pd.Index(['left", 'right'], name='side"))

In [136]: df

Out[136]:

side left right

state number

Ohio one 0 5
two 1 6
three 2 7

Colorado one 3 8
two 4 9
three 5 10

In [137]: df.unstack('state")
Out[137]:

side left right

state Ohio Colorado Ohio Colorado
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number

one (%}
two 1 4 6
three 2 5 7 10

i flstack, FATHT LS B A 44 5

In [138]: df.unstack('state').stack('side")
Out[138]:

state Colorado Ohio

number side

one left B8 0
right 8 5
two left 4 1
right 9 6
three left 5 2
right 10 7

o 2 e 9

Z AN [ PP 51 Kot a1 2 DU IR KAk 20 (ong) B HE B A% " (stacked) A 7EHHE EEAICSV
T BATSINE —LLom B K, L[] Fr AR AN A e 7 e -

In [139]: data = pd.read_csv('examples/macrodata.csv')

In [140]: data.head()

Out[140]:
year quarter realgdp realcons realinv realgovt realdpi cpi \

0 1959.0 1.0 2710.349 1707.4 286.898 470.045 1886.9 28.98
1 1959.0 2.0 2778.801 1733.7 310.859 481.301 1919.7 29.15
2 1959.0 3.0 2775.488 1751.8 289.226 491.260 1916.4 29.35
3 1959.0 4.0 2785.204 1753.7 299.356 484.052 1931.3 29.37
4 1960.0 1.0 2847.699 1770.5 331.722 462.199 1955.5 29.54

ml tbilrate wunemp pop infl realint
0 139.7 2.82 5.8 177.146 ©0.00 0.00
1 141.7 3.08 5.1 177.830 2.34 0.74
2 140.5 3.82 5.3 178.657 2.74 1.09
3 140.0 4.33 5.6 179.386 0.27 4.06
4 139.6 3.50 5.2 180.007 2.31 1.19

In [141]: periods = pd.PeriodIndex(year=data.year, quarter=data.quarter,
et name="'date")

In [142]: columns = pd.Index(['realgdp’, 'infl', ‘unemp'], name='item")

In [143]: data = data.reindex(columns=columns)
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In [144]: data.index = periods.to_timestamp('D', ‘end')

In [145]: ldata = data.stack().reset_index().rename(columns={0: 'value'})

KR Z AT (B ST A AN B AN AT SR A, XL, FRATT B date Fllitem)
k. RPRBITRE - RUE.

KRB R (WMySQL)  H 5HE 2 8 # & XA 10, DRORIE @ 280 (RIF 44 R4 2
B—AMab: R EIE I, itemZl F FE R ERREE I N . 7ERT I RI6]FH,  dateFlitem
R (HXRBEIRERIUED , AMUREE T R e B, M HARME 7 B N B i A i =
o BRGHT, ff FXFE S SREREL, /R RE< ¥ E % DataFrame, A~ [E fitem e 7371 TE 1%,
—%1, date’) Bt A BN H/ER 5] . DataFramefpivot /712 5845 Al LS Hlax AN s e .

In [147]: pivoted = ldata.pivot('date', 'item', 'value')

In [148]: pivoted

Out[148]:

item infl realgdp unemp
date

1959-03-31 .00 2710.349

9

1959-06-30 2.34 2778.801
1959-09-30 2.74 2775.488
1959-12-31 0.27 2785.204
1960-03-31 2.31 2847.699
1960-06-30 0.14 2834.390
1960-09-30 2.70 2839.022
1960-12-31 1.21 2802.616
1961-03-31 -0.40 2819.264
1961-06-30 1.47 2872.005

N oo o v vl
®©® 00 W O N N OO W KL 0

2007-06-30 2.75 13203.977
2007-09-30 3.45 13321.109
2007-12-31 6.38 13391.249
2008-03-31 2.82 13366.865
2008-06-30 8.53 13415.266
2008-09-30 -3.16 13324.600
2008-12-31 -8.79 13141.920
2009-03-31 0.94 12925.410
2009-06-30 3.37 12901.504
2009-09-30 3.56 12990.341

W VW W o U A DD N .
oON P VU ® D O 0O N U

[263 rows x 3 columns]

HIPIAMEE B 2 A A EAT BN ZR 51, e — AT E U2 H TR e DataFrame O £dE 51 . BRBEA
P ] I B 2 ) 8 -

251



In [149]: 1ldata['value2'] = np.random.randn(len(ldata))

In [150]: ldata[:10]

Out[150]:

date item value value2
@ 1959-03-31 realgdp 2710.349 0.523772
1 1959-03-31 infl 0.000 0.000940
2 1959-03-31 unemp 5.800 1.343810
3 1959-06-30 realgdp 2778.801 -0.713544
4 1959-06-30 infl 2.340 -0.831154
5 1959-06-30 unemp 5.100 -2.370232
6 1959-09-30 realgdp 2775.488 -1.860761
7 1959-09-30 infl 2.740 -0.860757
8 1959-09-30 unemp 5.300 0.560145
9 1959-12-31 realgdp 2785.204 -1.265934

MR ZE )G — M58, 53 DataFrameih <44 E AL .

In [151]: pivoted = ldata.pivot('date', 'item')

In [152]: pivoted[:5]

Out[152]:

value value2
item infl  realgdp unemp infl realgdp unemp
date

1959-03-31 ©0.00 2710.349
1959-06-30 2.34 2778.801
1959-09-30 2.74 2775.488
1959-12-31 ©0.27 2785.204
1960-03-31 2.31 2847.699

.000940 0.523772 1.343810
.831154 -0.713544 -2.370232
.860757 -1.860761 ©.560145
.119827 -1.265934 -1.063512
.359419 0.332883 -0.199543

vl Ul Ul Ul Ul
N OO W Lk 0
1
N © © © O

In [153]: pivoted['value'][:5]

Out[153]:

item infl realgdp unemp
date

1959-03-31 ©0.00 2710.349 5.8
1959-06-30 2.34 2778.801 5.1
1959-09-30 2.74 2775.488 5.3
1959-12-31 ©.27 2785.204 5.6
1960-03-31 2.31 2847.699 5.2

R, pivotH it & Fset_index@l & Z XRS5, FHunstack %
In [154]: unstacked = ldata.set_index(['date', "item']).unstack('item")

In [155]: unstacked[:7]

252



Out[155]:

value value2

item infl realgdp unemp infl realgdp unemp
date

1959-03-31 0.00 2710.349 5.8 0.000940 0.523772 1.343810
1959-06-30 2.34 2778.801 5.1 -0.831154 -0.713544 -2.370232
1959-09-30 2.74 2775.488 5.3 -0.860757 -1.860761 0.560145
1959-12-31 0.27 2785.204 5.6 0.119827 -1.265934 -1.063512
1960-03-31 2.31 2847.699 5.2 -2.359419 0.332883 -0.199543
1960-06-30 0.14 2834.390 5.2 -0.970736 -1.541996 -1.307030
1960-09-30 2.70 2839.022 5.6 0.377984 0.286350 -0.753887

R (SN T N U N

Jie ¥ DataFrame 1)1 iz 5 & pandas.melt. ‘&A% — i 2] £ 4> FrifiDataFrame, Tie& 3%
ANFNEA—A, AWK fDataFrame. &— AT

In [157]: df = pd.DataFrame({'key': ['foo', 'bar', 'baz'],
0000608 At [1, 2, 3],
et 'B': [4, 5, 6],
R 'c': [7, 8, 9]1})

In [158]: df
Out[158]:
A B C key
1 4 7 +foo
2 5 8 bar
2 3 6 9 baz

key#I| il RE &7 2 iEPR, HEMIEEIEE. M Hpandas.melt, FA10AZ0FE BHIRLL 51 2 43 2H 15
bro RIS FHkeyE AME— 15 R A5

In [159]: melted = pd.melt(df, ['key'])

In [160]: melted

out[160]:

key variable value
o foo A 1
1 bar A 2
2 baz A 3
3 foo B 4
4 bar B 5
5 baz B 6
6 foo C 7
7  bar C 8
8 baz C 9
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fdi Hpivot, w] LLEE 3 [a] K HAE 1
In [161]: reshaped = melted.pivot('key', 'variable', 'value')
In [162]: reshaped

Out[162]:
variable A B C

key

bar 2 5 8
baz 3 6 9
foo 1 4 7

K pivot & RMFNEIE T — AR5, IEATFREE, AT LU Hreset_index i 4d 1% 01 51

In [163]: reshaped.reset_index()

Out[163]:

variable key A B C
0 bar 2 5 8
1 baz 3 6 9
2 foo 1 4 7

RIERT AR E SN T4, AFEMERIS

In [164]: pd.melt(df, id_vars=['key'], value_vars=['A"', 'B'])
Out[164]:

key variable value

o foo A 1
1 bar A 2
2 baz A 3
3 foo B 4
4 bar B 5
5 baz B 6

pandas.meltt 7] LLAS F 7 4 45 5 :

In [165]: pd.melt(df, value_vars=['A', 'B"', 'C'])
Out[165]:

variable value

o U A W N RO
N @ ™ W > > >
N oA wN R
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In [166]: pd.melt(df, value_vars=['key', 'A"', 'B'])
Out[166]:

variable value

0 key  foo
1 key  bar
2 key  baz
3 A 1
4 A 2
5 A 3
6 B 4
7 B 5
8 B 6

8-4 llé\ é:lilb

AR L 32 T pandasEifii SN &, B, AT LLEE— 2 > matplotlib % nf Ml Ak . &
IHERY 5 228l Bllpandas, 2% > 55 =% 1504
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SR (D B2 RERENITIEZ —. EREARRIEEN S, Flw, %
HiFRAARH . D EMEER . B A A ideads. R4b, — A28 H R nT AL
WV TAER R Hir. Pythonf§ VF 2 FE b AT § A BBl B v Ak, (A3 B E 20T
matplotlib Chttp:/matplotlib.org/) F1JET & ) %

matplotlib/&—/NH T g H R R & BRI R m 4 E A (EZE2D51H) . %5 H 2 HJohn Hunter
F20024E 53 3011, H H K& APythontad — PMATLABR 14 # 1. matplotlibF1IPython 4t [X i
1T 1E, Atk 7 MIPython shell (ELIEELLE [ Jupyter notebook) #1728 B4 . matplotlib 7 #F
FREAERR LR 2 A FIMGUIG I, 1 ik gt B A 5 oA &R LR & (vector) FIOGA
(raster) &: PDF. SVG. JPG. PNG. BMP. GIF&:. &7 JL3k, ARt BH e
A B

Bl & B E] & g, matplotlibfiTAE 7 2 /M8 nT ik i T HRAE, S48 Fmatplotlib{E MK E .

h» —f&seaborn (http://seaborn.pydata.org/) , A& 5<% )T,

2 S AT AR S0 () B 7 B 7 VR #E Jupyter notebookitE 4738 B4 . 7EJupyter notebook F13k
AT TR

%matplotlib notebook

9.1 matplotlib API\|]
matplotlib i # 5] A\ £ & A&

In [11]: import matplotlib.pyplot as plt

7 Jupytertiz 47 %matplotlib notebook (Ei7EIPython iz 1T %matplotlib) , il ] LA — >y 5
WETE. mR—Y)REIER, 2&3E9-1:

In [12]: import numpy as np
In [13]: data = np.arange(10)

In [14]: data
Out[14]: array([@, 1, 2, 3, 4, 5, 6, 7, 8, 9])

In [15]: plt.plot(data)
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0 2 4 6 8

H SR seaborniX # 1 Flpandas ¥ P B 2 B B 5 RE % Ab #EVF 2 a1 4 TS, (IR 2 E @ X
— LU S R THRE IR S A 2012 ST matplotlib APl

B EAARA VAL i matplotibl % A hAE, {E2 LA #55I AT, matplotiibifi
RSO 5 ) R O JR U

FigurefliSubplot
matplotlib ] EZ &R {7 T FigureXt . 4R ] LA plt.figure fill i — /N #r (1 Figure::

In [16]: fig = plt.figure()

R ZIPython, XEf &3 —AN2 % 1, {HiEJupyterdt, WP E 2 44 685 H.
plt.figured —LLikTil, Kpijlsefigsize, & TH{R 4 B ORAE BRI BA — & KN FIBE L .

ANGEil IS 2 Figure%: 8. 445 fladd_subplotfild —4 8k 2 4 subplot4 47

In [17]: axl = fig.add_subplot(2, 2, 1)

RFEMMEER: BIBRZE2x2/ (RIHE245KED , H 2Tk P #0724 subplot (25—
(Hi'5 NFFEED o QR 4TS TH > subplotth G Hi ok, f 245 211 K an 1 9-2 7 -

In [18]: ax2 = fig.add_subplot(2, 2, 2)

In [19]: ax3 = fig.add_subplot(2, 2, 3)
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0.6 A

0.4 -

02

0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

fie7n: f#HJupyter notebookfy — ri A, BIEEA/NEEFIIATIE, EESEE. K,
EERNEE, VRO T 2 B i S AFE— /N E B

R, BATEATRE—ANE RTA 2

fig = plt.figure()

axl = fig.add_subplot(2, 2, 1)
ax2 = fig.add_subplot(2, 2, 2)
ax3 = fig.add_subplot(2, 2, 3)

IR AT — 22 K4 (fnplt.plot([1.5, 3.5, -2, 1.6])) , matplotlibh <7 ¢ Ja — N it i
subplot CWIREFHMENE—A) EFATLH], Bt dfigurefMsubplotfid #2. K, R FRATH
1T RHIE 4, VRl 15 2 E9-3AT R I 45 3 -

In [20]: plt.plot(np.random.randn(50).cumsum(), 'k--")
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e
7.5 1 A ,I \
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5.0 AN A
;l \1\
2.5 "~ L
I \
004 ~y B
1
—'2.5 4 \\
\/'\,’
—5.0 < . . . : .
0 10 20 30 40 50

"K--"re AR AE T, TS Yrmatplotlib: il B AR LR K . T 5L e fig.add_subplot ik [A] 1%
% e AxesSubplotit %, B EER e AT SEB 7 ik a] DLE L 23 36 1A% 1 BT B T, anEl9-4
Fi7R:

In [21]: ax1l.hist(np.random.randn(160), bins=20, color="k', alpha=9.3)

In [22]: ax2.scatter(np.arange(30), np.arange(30) + 3 * np.random.randn(30))
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PRR] LAAE matplotlib ) SCR hk 21148 b RS

B 7 subplot M 4% [1ifigure & —ANEH 5 WLINME S5, matplotlibfs — AN 75 {8 ¥ 77 72
plt.subplots, ‘& 1] LLEIE—ANHiIFigure, FFiR[EI—A&F CA) I subplothf & FINumPy %4 :

In [24]: fig, axes = plt.subplots(2, 3)

In [25]: axes

Out[25]:

array([[<matplotlib.axes._subplots.AxesSubplot object at 0x7fb626374048>,
<matplotlib.axes._subplots.AxesSubplot object at 9x7fb62625dboe>,
<matplotlib.axes._subplots.AxesSubplot object at 9x7tb6262f6c88>],
[<matplotlib.axes._subplots.AxesSubplot object at 9x7fb626123620>,
<matplotlib.axes._subplots.AxesSubplot object at 9x7tb626181866>,
<matplotlib.axes._subplots.AxesSubplot object at 9x7tb6260fd4eo>]], dtype

=object)

AR, R DU it axes B H 1T R 51, B G2 — A 4R R —FE, Bl
axes[0,1]. i LLi i sharexflsharey+s i& subplot i A A1 [F] FIXEhE Y fil . 76 LR [F)VE
FIEEER, Xt AR SR, S0, matplotlib2 H Zh 48 % R AIR . B RZITEREZ(E
B, ES N1,

-3 A

nrows subplot 8147

ncols subplot 8151 $%

sharex FrEsubplotEiZEEEBMNXEEE (EDximBESE @R subplot)
sharey Fr& subplotfZiZ{E BEE A YHEEE (BNylimBSE @ Hsubplot)
subplot_kw BT &subplotfI X BF FH

**fig_kw Sl B figqureBT I E X BE, Mpltsubplots(2,2 figsize=(8,6))

¥ subplot /& [ ) 8] #H

BT, matplotlib2{Esubplotyh ¥~ — & iUEE, Jf7Esubplot (A% F—E A . (AR
EREG R m SRR S, Bk, WERAREEE T EUE KN (AN RREEE T T , FERSAS)
W%, F|HFigureffisubplots_adjust/7 741 LA Zy 28 fE Al e, Ak, B N T R 2L

subplots_adjust(left=None, bottom=None, right=None, top=None,

wspace=None, hspace=None)

wspace fllhspace F T4 il 9 B Al B 1 E 40 b, 7T LURI fEsubplotZ IR R )8R . 1 T A2 — AN & B
B, HrhIEEN A 70 CanE9-50 ) -

fig, axes = plt.subplots(2, 2, sharex=True, sharey=True)
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for i in range(2):
for j in range(2):
axes[i, j].hist(np.random.randn(500), bins=50, color='k', alpha=0.5)
plt.subplots_adjust(wspace=0, hspace=0)

0 1 2 3 4

AHMEH, HP a8 ES 7. matplotlib A2 Z AR R T EA, A T XA o, 7k H At
H CBCEZI AL BEMZIEARSE . Jam U SN iz N R .

At ARic gk Ay

matplotlibffIplotek ¥i% 52 — XM A KR, & W] LIESE— DR MR {747 R 455 . i,
FRAEX Ay 2 il R R 2, ARAT ASRAT G R AR«

ax.plot(x, y, 'g--")

RARE AT PR E SO AR T SARR 7. AESEhrh, W2 AL, ARATREAS
REOE I A B 7 B R PRAFAR ZE A 2o G T T S 5 9 WA 1) 7 3t E A5 3 AL (O RCR -

ax.plot(x, y, linestyle='--', color='g")

WG A EGAES, RWaT R ey (Flin, #CECECE) . fRW Lllid & plot
HISCR AT B A T 254 (fEIPythonflJupyterdi 4 fiiplot?) .
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2R Iy DU b s A Kdh /L. K ymatplotlib il AR ES L ], AE R RI3EAT I MEL, AL
FREANK R 5 S AL E . ARiC i n] DU SR AT R v, (EARIE RN L R A 2 A

it (WE9-6) -
In [30]: from numpy.random import randn

In [31]: plt.plot(randn(39).cumsum(), 'ko--")
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I
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-2.5 4

1
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]
—3.0 1
N
o

25 30

AT LK 5 R N W R X

plot(randn(3@).cumsum(), color="k', linestyle='dashed', marker='0")

FELTIE Y, ARSERR B R R GR 42 2 7 S R . AT LU drawstyleig iz g (WLEI9-7) -
In [33]: data = np.random.randn(39).cumsum()

In [34]: plt.plot(data, 'k--', label='Default')
Out[34]: [<matplotlib.lines.Line2D at 9x7fb624d86160>]

In [35]: plt.plot(data, 'k-', drawstyle='steps-post', label='steps-post')

Out[35]: [<matplotlib.lines.Line2D at 9x7fb624d869e8>]

In [36]: plt.legend(loc="best")
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——- Default F
—— steps-post /
8 -
6 -
4 -
2 -
0 -

0 5 10 15 20 25 30

PRATBe T B RS AT BRI A% . matplotlib£iR 1] 5] ] 7 #1482 . K2 80
{6, ARAT ARG M 20X B g . X L, RUONFRATIML 3% T label Z % plot, FRATTAT LAGIZEE — 1 plot
K, 5845248 Fplt.legend 12k .

i RLZE pltlegend (Bif# fHax.legend, 41351 H THIAE) REIEEF, TiLh
2 I A i label iR 28 1 171 .

ZI S Hn 2 ] A
X R 2 H i BRI, 3 BTy 0 = R Y () pyplotd I (51l
matplotlib.pyplot) LA 5 i [ %f 5 i) i A matplotlib APl

pyplotsz L ¥t H a2 2 EaE T, &4 1% Wixlim. xticksflixticklabels 2 51 2. e 41140 1
BHIERGEE . ZEME . ZIEPR%. A 708 LU

o WHIRAWSE, WIREEETISEUE (B, plt.xdim()ik B2 57 X2 ERVEED .
o RS, WKEZSEE (B, plt.xlim([0,10])2K X i) i & 80FI10) .

JIT A 33K 75 Y 8 6 24 1 B A 1) 722 (1) AxesSubplotEE AF T 1. B 41144 E X M subplottf % _E i iA
J7iE, PAxlim A, #i/tax.get xlimflax.set xlim. 3% =X fd FHsubplotfty szl 5% (K AR E

MR I FAE, T HAE A 2 S subploth X FEH EEE# —148) o MRREE T LLUERH S 7

fERIFBA .

BELARA, BRRAE. AU LR A R
T U E S, B B — MR R BB R ] BURERNLIED (NE9-8FT7) -
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In [37]: fig = plt.figure()

In [38]: ax = fig.add_subplot(1l, 1, 1)

In [39]: ax.plot(np.random.randn(1600).cumsum())

40 4
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20 A
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-10 1

=20 1

0 200 400 600 800 1000

BN ZI B, B R B J iR 1 I set_xticks flset_xticklabels. i # 4 ifmatplotlib ZKs %I FE ik
FEREE R e 7 B, BRABOLR, R B it R 2 R . BRATAT LLE
set_xticklabels {4 AT fr] o Ath (B H AF bR 2«

In [40]: ticks = ax.set_xticks([@, 250, 500, 750, 1000])

In [41]: labels = ax.set_xticklabels(['one', 'two', 'three', 'four', 'five'],
00008 rotation=30, fontsize='small')

rotation izt I v & x % EE AR BRI 30/ . feJm, P Hiset_xlabel X B — N4 8K, FtHset_titletx
B (LE9-9MmZE S -

In [42]: ax.set_title('My first matplotlib plot')
Out[42]: <matplotlib.text.Text at ox7fb624do55F8>

In [43]: ax.set_xlabel('Stages")
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My first matplotlib plot

40

30 A

20

10 1

=10 1

=20 1

T T T T T
oc® w® 6\(63 @ i

Stages

YHIHIEEOT G AL, R B ARG X & By RIWT . HRR A a7k, DR B0
LT, BTG T, BRTIE .

props = {
‘title': 'My first matplotlib plot’,
'xlabel': 'Stages’

}

ax.set(**props)

NIINESEiT]

K (legend) &5 —F A TARIREIRTRMEZE T H, BB 6 2R iR REZE
7 Insubplot ¥ &A% NlabelZ % :

In [44]: from numpy.random import randn
In [45]: fig = plt.figure(); ax = fig.add_subplot(1, 1, 1)

In [46]: ax.plot(randn(1000).cumsum(), 'k', label='one")
Out[46]: [<matplotlib.lines.Line2D at 9x7fb624bdf860>]

In [47]: ax.plot(randn(1000).cumsum(), 'k--', label="two')
Out[47]: [<matplotlib.lines.Line2D at 0x7{b624be90f0>]

In [48]: ax.plot(randn(1000).cumsum(), 'k.', label="three")
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Out[48]: [<matplotlib.lines.Line2D at

>]

M 5, VRal LU ax.legend()Ekplt.legend()K [ 262 B (45 5 1LIK9-10) -

In [49]: ax.legend(loc='best")
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3 Y
y ugn,.‘f‘*!‘
_40 =
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legend 5 ¥ EA JLAHE Hiloch B S H0A T, G EE R/ H (ffi fax.legend?) .

loct rmatplotlib 4 I G EME . WIERARA R IR BRI LS, "best R AN IIIESRE, FIvE ik
BRAGHENME . ZNEG T ER—DEZ TR, AME Alabelsift Nlabel="nolegend"R1 7] .

(P 3R — X B A bestit 5 1 1 beat)

AR}

A L & AESubplot 2

BRbrAEMIZ2 ESEM, IRT REE A SRl — S8 TR IVEMR, W RER

A, kA RS o AR A
AT Lhididtext. arrowAllannotate B HGHEATER I . textn] LUK SCAL i 75 B3R (148 2 AL FR(X,Y)»
AT PN b — 2 5 g SOk

ax.text(x, y, 'Hello world!’,

family="monospace', fontsize=

)

TEME AT AR S A AR S A Ak B0, FA TR Sl ibr i /K500 5t i CRE
Yahoo!Finance) £:iil—5kHiZ K], JfAx 120084 $20094F 5 f e A LI A) (1) — Lo H 2 H . RA]

PATEJupyter notebook 1 —~/IN IR X BLARRY (E9-11245 ) -
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from datetime import datetime

fig = plt.figure()
ax = fig.add_subplot(1, 1, 1)

data = pd.read_csv('examples/spx.csv', index_col=0, parse_dates=True)
spx = data[ 'SPX']

spx.plot(ax=ax, style='k-")

crisis_data = [
(datetime(2007, 10, 11), 'Peak of bull market'),
(datetime(2008, 3, 12), 'Bear Stearns Fails'),
(datetime(2008, 9, 15), 'Lehman Bankruptcy')

for date, label in crisis_data:
ax.annotate(label, xy=(date, spx.asof(date) + 75),
xytext=(date, spx.asof(date) + 225),
arrowprops=dict(facecolor="black"', headwidth=4, width=2,
headlength=4),
horizontalalignment="'left"', verticalalignment="'top")

# Zoom in on 2007-2010
ax.set_xlim(['1/1/2007', '1/1/2011'])

ax.set_ylim([600, 1800])

ax.set_title('Important dates in the 2008-2009 financial crisis')

Important dates in the 2008-2009 financial crisis
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XK E R JUAN B S SR E . ax.annotate 77 VA AT ATE R 2 (X FIy AL bR bR 2 o FRATIAE
set_xlimFiset_ylim N T 9 @ s A )l 7, mAME Fmatplotlib BRI 5. BeJa, H
ax.set_title s i b bn i o

A R, 15 U5 [ matplotlib 78 2 1] .

BT I 2 ) LR A0 — 22 .- matplotlibfy — B3R 7Rw LT B 5. IX e PR A (patch) o H
4L (fnRectanglefliCircle) , A LL#Ematplotlib.pyplotdi$k 3, {H 58 4E LN T
matplotlib.patches.

BEAEEEZRRM—ANEE, REEQE X Sshp, S8 G ITax.add_patch(shp )l mnE]
subplotd (UE9-12f17R) -

fig = plt.figure()
ax = fig.add_subplot(1, 1, 1)

rect = plt.Rectangle((9.2, ©.75), 0.4, ©.15, color="k', alpha=0.3)
circ = plt.Circle((©.7, ©.2), 0.15, color="'b"', alpha=0.3)
pgon = plt.Polygon([[0.15, ©.15], [0.35, ©.4], [0.2, 0.6]],

color="g', alpha=0.5)
ax.add_patch(rect)

ax.add_patch(circ)
ax.add_patch(pgon)
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0.0 T T T T
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IR EEVF 2 1 LI R B AR SRS, AR 2 A B e AT st /2 i BpatchZH 251 i«

e P 2R AR AT 21 SCF
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H Hplt.savefig i LLKE 24 i IR ARAF BISCAF . %75 95AH 2 T Figure ] R 15451 U5 isavefig. ik,
LR B ORAF ISVGIUAE, IR A TR -

plt.savefig('figpath.svg")

SCAERAL R SO R A AR R . R, G SRR 2 pdf, Bt 15 R —APDF .
TE R AT B i T B A Ak S dpi (BIB9S~ S50 #5%) Abbox_inches (1] LLEY
B2 mi B R B = AR o) o BRI — 5K A e [ B4y HER N400DPIFIPNGIE Fr, RAT
P

plt.savefig('figpath.png', dpi=400, bbox_inches="'tight")

savefigidE— & E 5 AR, W] LS NMEFSCHRUXT S, thinByteslO:

from io import BytesIO
buffer = BytesIO()
plt.savefig(buffer)

plot_data = buffer.getvalue()

F9-2%1H T savefig i) e 1 1l

B tRA

fname EEXHBENTEFESPythonfIHE MR, BRERHEX
Fi RABgEEY. flm, pdffEdTHPOF. pngfEHETHE PNG

dpi B HE (§2Ta8) . Biksi00

facecolor. edgecolor ERHHERE, BHilA “w (BR)

format BB XEHET ( “png” . “pdf” . “svg” . “ps” .
“E‘PS“ ...... ].

bbox_inches ERTERFNHT. MRBREA “tight” , WEERERE
ZEEn=E AT

matplotlibfii &

matplotlib [ i —SEHL 5 58, LU RS R B IR T BE FBRABCELS B . SEI2 2, L
TP A BOMT O Rl — A A RS HGEAT B E G BT LVE RGO/ subplotilifh. Fots
Ti% TR RIS, —FPythongfe 73U B R LRIk MrcTrik. filtn, #K4
JR BB BRI KN BEE 10%10, AR AT LASAAT -

plt.rc('figure', figsize=(10, 19))
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refIH— N SER A EE E XX %, Un'figure's 'axes's 'xtick'. 'ytick'. 'grid'. 'legend'%. HE
A LAIR b — R A TS 4. — AR I INE R X Bk TS il — A

font_options = {'family' : 'monospace’,
'weight' : 'bold',
‘size' : 'small'}

plt.rc('font', **font_options)

B RAIRI E e SR, 15 A matplotlib [ B SC /- matplotlibre (42 Fmatplotlib/mpl-data H 5%
) o WEZOCRAT T E X, FRRHIRAE /R B S .matplotlibre H sk, AR AE
matplotlibis sl 23 N #iZ S 14

T, BANISFER], seabornflF & T WE LK FBEZER, EN1MFEH T matplotlibf) P 3 ic
B

9.2 {ii flpandasfliseaborn%:

matplotlibsifr b2 — i LR TR . Zxdh— KRR, RS — SRR MR iieT: B s
CEPPREREA: eI ARRIEL SR B SFELEIE) o B bRl ZIFEARSE AR
MRS S .

fEpandas™, A 1E ZHEAE, BETHSIRZE. pandasH S tA W EM L, HT RN
DataFrameflSeries#: | . #— Fiseaborn (https://seaborn.pydata.org/) , [lIMichael
Waskomfll 2 (I S EIEEE . Seabornfiifl 142 WA AL A () A1) 2

$27~: 5l AseabornZf&imatplotlibER A FIE (0 7 A2z PSR, AP sl i A SE M
g /- AN Fiseaborn API, 1R A]REtH 45| Aseaborn, 1E 9 &35 M B A2 ) H I matplotlib
K4 72

2

SeriesfliDataFrame#i 5 — A~ T A & R E LK Kiploti k. BRANEOLR, EATHTA R 2 4 AL K
CInE9-13f7R) -

In [60]: s = pd.Series(np.random.randn(10).cumsum(), index=np.arange(@, 100, 10))

In [61]: s.plot()
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0

10 20 30 40 50 60 70 80 90

ZSeriesXf R &R 5| ¥tk 4hmatplotlib, LA HIXE . 7] LU T use_index=FalseZt FHiZ 1)
RE o XA 1) ZI FE AN SRR v] LU i xticks FIxlimae A7 875, Yl Hyticks fllylim. plotZ4i 1) 5 %
FRESNHKI-3. WALSYHRILH LA, #NRMBAAREACEMRAT .

Z8
label

ax

style
alpha
B8
kind
logy
use_index
rot
xticks
yticks
xlim
ylim
grid

e
BETEfNEE

EfH F# TS BImatplotlib subploti &, MEEFIER. NEFANHE
matplotlib subplot

BEEEmatplotibAAEESE (10'ko--")
BE#RMETAERE (0F1208)

iRAH
T &'line'. 'bar’, 'barh’'. 'kde'
Ty RN EER

B ENFESIBEHERE
IES: 7| EARE (0%]360)
BiExwmzlEnE
RfEYHmz Ea A

X3E9 FER (o, 10)
Y3 ) 51 R

BTRMEL (BRIAFTF)

pandasft) KB4 W 7R AE — ANk faxs 8, e L& — P matplotlibffisubplott % . XK
e 78 A% AT J=) B A R A #E subplot 47 & .
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DataFramefIplot /%47 — 1 subplot N & FI| 24— 2k 2k, I a1 R (CnE9-14f7R) -

In [62]: df = pd.DataFrame(np.random.randn(10, 4).cumsum(9),

.....

columns=['A', 'B', 'C', 'D'],
index=np.arange(0, 100, 10))

In [63]: df.plot()

84— A
— B
—_—C
— D
6_
4_
2_
0_
0 10 20 30 40 50 60 70 80 90

plot/g & — A R EISRAY 5. Biltn, df.plot()Z:4 T-df.plot.line(). J&I4s 2 )X ebJy

:/20

290 plotft) Hfth e ft 7 S R o A% 45 A S i matplotlibZ: K s 5k, Fr LB SE IR A HE [ 2 &
2, L S 245 Fmatplotlib APIF 1R .

DataFrameit Ay — L5 H] X #1347 RAG AL BRI T, B0, 2 208 P 51102 1 21— subplott
L2 E % H [Fsubplot. TEAH(E E1E 2 W3#K9-4.

BY

subplots
sharex
sharey
figsize
title
legend

sort_columns

i3t RA

& DataFrame 42 7 E| £ subplot®
MFsubplots=True, MEBE—Tx3, BEZERNRR
MZFsubplots=True. N BE—YH
FrERANTE

FTERFEN TS

amIR—-TsubplotEH (BRIA ATrue)
MFEBRIAFLFET, BRiINEBLHFIRF
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PR ARSI A, 11,
ERNE

plot.bar()Fplot.barh() 73 il £z il 7K V- FlHE B AR . 3X I, SeriesMDataFramel?) & 515 2 4 H
fEX (bar) Y (barh) %I (anE9-15f1%) -

In [64]: fig, axes = plt.subplots(2, 1)
In [65]: data = pd.Series(np.random.rand(16), index=1list('abcdefghijklmnop"'))

In [66]: data.plot.bar(ax=axes[@], color="k', alpha=0.7)
Out[66]: <matplotlib.axes._subplots.AxesSubplot at 0x7+b62493d470>

In [67]: data.plot.barh(ax=axes[1], color="k', alpha=0.7)
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VoA WO T x—330T
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o
o

color="k'Mlalpha=0.7 %€ 1 BIIEHIEI Gy B, FHAEH A2 e EW . X TDataFrame, 1
Wk —ATHRME N —H, JFHEE R, WnE9-16/:

In [69]: df = pd.DataFrame(np.random.rand(6, 4),
et index=['one', 'two', 'three', 'four', 'five', 'six'],

ceelt columns=pd.Index(['A", 'B', 'C', 'D'], name='Genus'))
In [70]: df

Out[79]:
Genus A B C D
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one 0.370670 0.602792 0.229159 0.486744
two 0.420082 0.571653 0.049024 0.880592
three 0.814568 0.277160 0.880316 ©0.431326
four 0.374020 0.899420 0.460304 0.100843
five 0.433270 0.125107 0.494675 0.961825
six 0.601648 0.478576 0.205690 0.560547

In [71]: df.plot.bar()
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0.4 1

0.2 1

0.0 -

Six

o
g

(]
c
(=]

three
four
five

£, DataFrame &4 Fx"Genus"#% FI1E 1 B bR .

B stacked=TrueR[l 1] yDataFrame 4 slMER AR, X FERRAT FME S S g HERE —&2 (an&l9-
17HIR) -

In [73]: df.plot.barh(stacked=True, alpha=06.5)
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'Genus}
six [ | Ai
== Bi
= Ci
H D |

-
0.0 0.5 1.0 15 2.0 25

Zid: MHREAE - EEE A A FIHvalue_counts EITE AL E 7~ Series H -8 1 H B
%, Htins.value_counts().plot.bar().

P DA A5 i 1 I B AN 0 SR B AE ], AR IRATIAR it SRHEARAAR B DA 7R B R % Aol
RSB B R E 7t . M read_csvig il Bk, ARG H AR S UG — 5k
LM

In [75]: tips = pd.read_csv('examples/tips.csv')

In [76]: party_counts = pd.crosstab(tips['day'], tips['size'])

In [77]: party_counts

out[77]:

size 1 2 3 4 5 6
day

Fri 1 16 1 1 0 0o
Sat 2 53 18 13 1 ©
Sun 0 39 15 18 3 1
Thur 1 48 4 5 1 3

# Not many 1- and 6-person parties
In [78]: party_counts = party_counts.loc[:, 2:5]

NG BAT R AL, AERSATIORNT, AR (nE9-18T7R) -

# Normalize to sum to 1
In [79]: party_pcts = party_counts.div(party_counts.sum(1l), axis=0)
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In [80]: party_pcts

out[80]:

size 2 3 4 5
day

Fri 0.888889 0.055556 0.055556 ©0.000000
Sat 0.623529 0.211765 ©0.152941 0.011765
Sun 0.520000 0.200000 0.240000 0.040000
Thur ©.827586 ©0.068966 ©.086207 0.017241

In [81]: party_pcts.plot.bar()

— c
[j0}
[ ] >

day

Thur

TR, EEZAREER T UE L, RaMBEAERRSER.

XL — NETE 28T, HEH T AR, [ Hseaborn ] LLi/> T{E& . Fseaborn k&
FFRINREE] (E9-192455H) .

In [83]: import seaborn as sns
In [84]: tips['tip_pct'] = tips['tip'] / (tips['total_bill'] - tips['tip'])

In [85]: tips.head()

Out[85]:

total_bill tip smoker day time size tip pct
0 16.99 1.01 No Sun Dinner 2 0.063204
1 10.34 1.66 No Sun Dinner 3 0.191244
2 21.01 3.50 No Sun Dinner 3 0.199886
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3 23.68 3.31 No Sun Dinner 2 0.162494
4 24.59 3.61 No Sun Dinner 4 0.172069

In [86]: sns.barplot(x="tip pct', y='day', data=tips, orient="h")

Sun

Sat

day

Thur

Fri

0.00 0.05 0.10 0.15 0.20 0.25 0.30
tip_pct

seabornf 2| ik ¥ (¥ Fldataz 3, ‘& ] ft /tpandasffiDataFrame. H'&HZHE % T A4 F .
RN — RIEEAMEGE 2 0008, KR BB Ztip_pctfI F41ME . ZHIERDRE i B %95% B
FIX A (TP IESHE) .

seaborn.barplotf Fi L i, fFIRAIGEWEIL —NMFIMNIERE (ILE9-20) -

In [88]: sns.barplot(x="tip pct', y='day', hue='time', data=tips, orient='h")
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Sun

Sat
time
E‘ B Dinner
B Lunch
Thur
Fri
0.00 0.05 0.10 0.15 0.20 0.25 0.30

tip_pct

VER, seabornC & HANMEN T EERIZENWE : B GEN, KL 5L Et. fRa) bUH
seaborn.set?t A [H] i BT AW 2 18] 1) 46 -

In [90]: sns.set(style="whitegrid")

7 B R

HJ7 I Chistogram) & — AT OB AT B R B IOREIR B o e sl o0 B KD L 18]
BRI ST R THITC A, 2l ) % 1 e b Bl AR DART AN /N 3 Bedls ], L fE Series
Hiplot.hist)s i, FATAT LA pl— 7K/ B o5 2 B 2 B BT B (& 9-21 )

In [92]: tips['tip_pct'].plot.hist(bins=50)
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70
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Frequency
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0.0 0.5 1.0 15 2.0 2.5

0

S ORI — Rl B R AR B B I, e TR R 7 A I R 1 T SR R A B A
PRI — MR AR R A I A — A% (RS W EAS A0 2 2RI EBCA R BB 410D o R,
B FR{EKDE (Kernel Density Estimate, #Z% & 1H) K. f#Hplot.kdefbr#EiR & IES
SATA TR AT AR R — R A R (LE9-22) -

In [94]: tips['tip_pct'].plot.density()
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seaborn ]distplot /5 {22z il B 5 A2 B P B D0 7 5, 3 ] LA [R] ek i B PR 2 FE A 1T T
TERBIF-, HRE—ANIESA, BRI ES SR (LE9-23) -

In [96]: compl = np.random.normal(9, 1, size=200)
In [97]: comp2 = np.random.normal(10, 2, size=200)
In [98]: values = pd.Series(np.concatenate([compl, comp2]))

In [99]: sns.distplot(values, bins=100, color="k")

0.25

0.20

0.15

0.10

0.05

0.00

20

AT [ e

R B A B e WS AN — 4R B 7 9 2 M R R A F B 78 XA, FomE 7okE
statsmodels¥ii H [Jmacrodatai#iide, &+ 1L EE, e IHETEE:

In [100]: macro = pd.read_csv('examples/macrodata.csv')

In [101]: data = macro[['cpi', 'ml', 'tbilrate', 'unemp']]
In [102]: trans_data = np.log(data).diff().dropna()

In [103]: trans_data[-5:]

Out[103]:

cpi ml tbilrate unemp
198 -0.007904 0.045361 -0.396881 0.105361
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199 -0.021979 0.066753 -2.277267 ©.139762
200 0.002340 0.010286 0.606136 0.160343
201 0.008419 0.037461 -0.200671 ©0.127339
202 0.008894 0.012202 -0.405465 0.042560

SR )G 1] LU i seabornfregplot /i3, "B R M —ANECA K, 0 b — 228 a2k (L 9-
24)

In [105]: sns.regplot('ml', 'unemp', data=trans_data)
Out[105]: <matplotlib.axes._subplots.AxesSubplot at 0x7fb613720bed>

In [106]: plt.title('Changes in log %s versus log %s' % ('ml', 'unemp'))

Changes in log m1 versus log unemp

0.20

0.15

0.10

0.05

unemp

0.00

—-0.05

—-0.10

-0.02 0.00 0.02 0.04 0.06
ml

FERZ B /i TR, R L8R — AR 2 R O ERAR A 3 S, IR e Sy oA Pl o o
(scatter plot matrix) . 40 TOIEIXFFEREIRIE R T%, Frllseabornfgfit 7 —AMEHE K pairplot
BRAL, SRR 2 BRCE RN AR R T B A A T (WLEI9-25) .

In [107]: sns.pairplot(trans_data, diag_kind='kde', plot_kws={'alpha': ©.2})
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E ~ 3N s -
2 v ML -
SRR . 5 ¥

4 p-
e
=0.1 ¢ '
—-0.02 0.00 0.02 0.04 0.00 0.05 =2 =1 0 0.0 0.2
cpi ml thilrate unemp

AT R B T plot_kwsZ 4. ‘& n LAikFRA ML i B iR W R e ke &= R . XT3
VEH ML BT, 1] LAEE i seaborn.pairplot U A% 745 i

Sy THIAE (facet grid) AI2E AR

TR AR ERAT AN ST ALAEFE R ? AT 2240 AL B R T A ) — o i A /) T P
seabornfs —AN H (1) P & ofi #factorplot, A LAFRI{LHIIEZ R oKl (JLEI9-26) -

In [108]: sns.factorplot(x='day', y='tip_pct', hue='time', col='smoker',
kind="bar', data=tips[tips.tip_pct < 1])
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smoker = No smoker = Yes
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k] .
a time
9_' 0.15 I Dinner
= == Lunch
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0.05

0.00

Sun Sat Thur Fri Sun Sat Thur Fri
day day

B 7 A543 T AN [F) R B e i () 73 20, FRA7 1388 R Lhod ik 254 A I (BB N — 47 R4 & 3 T 4%«

In [109]: sns.factorplot(x='day', y='tip_pct', row='time',
col="smoker"',
e kind="bar', data=tips[tips.tip_pct < 1])
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time = Dinner | smoker = No time = Dinner | smoker = Yes
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day day

factorplot 3 FF B I RIZEH, IRl e IS, flan, &1’ CERTELE R A3, W%,
AL BRI (ILIE9-28) -

In [110]: sns.factorplot(x="tip pct', y='day', kind='box',
e data=tips[tips.tip_pct < ©8.5])
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tip_pct

{47 538 FHl (¥ seaborn.FacetGrid 2, fR7] LLAIEE B QB4 TH A% . 1 2 (7] seaborn 1) LAY
(https://[seaborn.pydata.org/) -

9.3 e 1JPythonw] ik T. 5

HHEIHEERERL, Pythongld BIIEHT AR 2 (RAZ FIATE) - HM20104, WEITKL
VE# S P e B a2 B AR LAMEAEWeb bk A . A L H 4

Boken (https://bokeh.pydata.org/en/latest/) FlPlotly (https://github.com/plotly/plotly.py) , Bt
TG A L, TR

XF a5 A AT BN s BT AS B, B B matplotlib AT AN, - e iipandas il
seaborn. X T HEHHEATMAL R, e TRATREZ A M. REMIRER 2 B4
SRG, FANERRERRE.

9-4 /%‘\ é:li[k
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ARFE R H e AR — S AR B R T A1, {f Fpandas, matplotlib, Flseaborn. iS5
TIREHE TS BRI TAEIR B, FRENR TR B 2 (S IER TR R B s AL . X
FE— /NG ERRIRF AR, R T DU G AE 2R AN AR T 22 ST 2 A 75 O B R

T, A E AU E pandas 18 5 A o HERAE L

286



X HE SR AT 0 AHIE X S B — e R R G RRH  I8H R EdE 7 LA
W, R gENE. ME . R ZE, EEUE TR UG ECEBGEMR . pandastEfit
T ARG Igruopby Thfg, EEIRRE LRl B IR T A BHRRIAT U R . UIBR, f SRR
E.

K ZMHHREFEMSQL (Structured Query Language, Z5 AL EiE 5) BEM NI IRAT IR Z —
At LA T [ UG R AT I e . LR, HHRAIER S, HE, BSQLIXFENEIIES FrREIT I
STHIBFEIFRBAR. fEARFIRESEE], BT Pythonflpandasit KR IERE 1, FATATEA
PATE B Z 0 iz s ORI AR AT L %2 pandas X G BiNumPy S 4L I R 8D fEARZH, IR

K273

o fEHI—AEiE A GEARTLUEME. HdlsiDataFrames|4) 7 &pandasii % .
o IHEMEMMIRS, WaKCE ., CFEMEBRR M, BUR AT E SO

o NN HECHAMIZE, WHRAL. ZRPERDE . HRA BT 5.

o IHHEEMRIAZNE.

o PATHME MRS E G b

il X IEPE RS (groupby sk A —) WARIEERFE (resampling) , A
TG AE S 11 B A B g AT U

10.1 GroupBy# i

Hadley Wickham (¥ Z A RIEF WHEED it 7 — A H T RR 0 Hiz H 1R E" split-apply-
combine" (77 —MNH—&3F) « F—AME, pandastl% (Fit/ESeries. DataFrameif /&
M) A EHE 2 AR R BT R AL — DB AN AR 2 Csplit) NZH . IR EE XN R T
Wi EHATH. Bl4n, DataFramen] DLZEH:AT (axis=0) k%1 (axis=1) E#HTHH. RE, K14
BENH Capply) B HIF A —DHE. &5, A IR R BT 85 R a It
(combine) FF AL RN R, 25 F R A — e T 508 B AT i 4E . E10-1REL
B 7 — AR B o H R G R
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Split Apply Combine

Al O
A
Al 5
B sum
A |10 \
A B| 5 A1l15
sum
B B|10} — B |30
C B |15 C |45
A
" C|10
C 15 SUMm
C
C|20

R AT 2R, HRAAS DA -

o FIRBHA, HKESR MR —F,

o FsxDataFramedt:/N 4144 H1H

o T iiniSeries, %A EIME S A 2 [ HIRTROE R o
o PREL, FHTAEHHE T BRSPS FRE .

HE, MR RRsEn e, HREHPTR S E — AT IR REME. DR IX
RWEERRI S, SHEL, REEAZFREHKEGRLTIHRK R A REE FHXNEE
faj B AR H R4 (LLDataFramefJfEx0) -

In [10]: df = pd.DataFrame({'key1l"' : ['a', 'a', 'b"', 'b', 'a'],
e 'key2' : ['one', 'two', 'one', 'two', ‘'one'],
el ‘datal’ : np.random.randn(5),
ceet ‘data2' : np.random.randn(5)})

Out[11]:
datal data2 keyl key2
a one
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1 0.478943 0.092908 a two
2 -0.519439 0.281746 b one
3 -0.555730 0.769023 b two
4 1.965781 1.246435 a one

B AR AR B ckey 1 AT 041, HitH data1 5T 3ME . SLBLZIhRERI T RNEIRZ, MR ATIX BE
2. Virldatal, JfAR#Ekey11HHgroupby:

In [12]: grouped = df['datal'].groupby(df[ keyl'])

In [13]: grouped
Out[13]: <pandas.core.groupby.SeriesGroupBy object at 0x7faa31537390>

A5 Ergrouped & —GroupBy Xt R . B kbR EIREE BATARAE, RAEASHE g i
difkey 1" EHR T C . #AIE 0, ZXNROLH T F RN &S HPITEERFER—VIER.
i, FATAT LLE ] GroupByftimean 77 vk i 53 40 T 548 -

In [14]: grouped.mean()
out[14]:

keyl

a 0.746672

b -0.537585

Name: datal, dtype: float64

)G BB E VA . mean( A FE . X R EERE, B (Series) MR¥E/HEEHAT T
A, PEET AN HiSeries, HZE 5 Akey1 5 ME—{E . Z BTGRP R G AT key 1, &
[A W 5 4 DataFrame [1 51 df['key 1 |5 I X AN 44

WMRBAT—IRENZ AN EHNIR, R HRIAFE LS
In [15]: means = df['datal’'].groupby([df[ 'keyl"'], df['key2']]).mean()

In [16]: means

Out[16]:

keyl key2

a one 0.880536
two 0.478943

b one -0.519439
two -0.555730

Name: datal, dtype: float64

R, BIEN A HEE AT T H, 53 Series B —ANE UMLK T CHiME—RHE X ZH
B

In [17]: means.unstack()

289



Out[17]:

key2 one two
keyl

a 0.880536 0.478943
b -0.519439 -0.555730

XA T, Sy d SISy Series. SEbR b, J 2B AT DURAT AT BE IS 2 1 KA
In [18]: states = np.array(['Ohio', 'California', 'California', 'Ohio', 'Ohio'])
In [19]: years = np.array([2005, 2005, 2006, 2005, 2006])

In [20]: df['datal’'].groupby([states, years]).mean()
Out[20]:
California 2005 0.478943
2006 -0.519439
Ohio 2005 -0.380219
2006 1.965781
Name: datal, dtype: float64

W, UUE BT AR E B AL FE DataFrame . X B, RIS LS4 (RTLLR 7R EH . Br
At Python Xt %) FIAE 75 2H 4 -

In [21]: df.groupby( keyl").mean()
Out[21]:
datal data2
keyl
a 0.746672 0.910916
b -0.537585 0.525384

In [22]: df.groupby([ keyl', 'key2']).mean()
Out[22]:
datal data2

keyl key2
a one 0.880536 1.319920

two 0.478943 0.092908
b one -0.519439 0.281746

two -0.555730 0.769023

PRAJRECAVEER T, H— Ml FEATdf.groupby('key1').mean()itf, 45 Bk fkey24, X2
RoNdf key2 VA & BUE T RFRBRGIFN™) , FTCABNEE bR T BRIAELR, B Ui s
W RE, BARERTRSYWITIEN T, MEmaitsl.

ToBRUE & S groupbyffift4, #B4 AT GE 2 H 2 GroupBy/(fsize /712, ‘& A LLR Al —AN &4 41K
/NHSeries:
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In [23]: df.groupby([ 'keyl', 'key2']).size()

out[23]:

keyl key2

a one 2
two 1

b one 1
two 1

dtype: int64
VERL, AR5 2HOCHE A T B AR AE, Bt N R B 2%

XF 3 AT IEAR
GroupBy i SR, WL AL e e Al (eI RER AR o BRI

In [24]: for name, group in df.groupby( 'keyl'):
ceelt print(name)
50008 print(group)

datal data2 keyl key2
0 -0.204708 1.393406 a one
1 0.478943 0.092908 a two
4 1.965781 1.246435 a one

datal data2 keyl key2
2 -0.519439 0.281746 b one
3 -0.555730 0.769023 b two

T2 EBANEO, JTTHRS Mo RE SR i EA R T

In [25]: for (k1, k2), group in df.groupby([ 'keyl', ‘'key2']):
ceelt print((k1, k2))
50008 print(group)
('a', 'one")
datal data2 keyl key2
0 -0.204708 1.393406 a one
4 1.965781 1.246435 a one

('a', 'two')

datal data2 keyl key2
1 0.478943 0.092908 a two
('b', 'one")

datal data2 keyl key2

2 -0.519439 0.281746 b one
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('b', '"two")
datal

3 -0.55573 0.7

AR, ARAT DURHX S BUSAE (TR A7 —MRATR

—N i

In [26]:

In [27]:

out[27]:
datal

2 -0.519439 0.

3 -0.555730 0.

pieces

groupby®Ril & fEaxis=0_F 11T
fdfkit, AT LR HEdtypext 41 2k 47

pieces =

data2 keyl key2
69023 b two

(0]

data2 keyl key2
281746 b one
769023 b two

In [28]: df.dtypes
out[28]:

datal float64
data2 float64
keyl object
key2 object

dtype: object

In [29]:

AL R AT BT 4L

In [30]:

.....

float64
datal
0 -0.204708 1.
1 0.478943 0.
2 -0.519439 0.
3 -0.555730 0.
4 1.965781 1.
object
keyl key2
0 a one
1 a two
2 b one

grouped =

print(dtype)
print(group)

data2
393406
092908
281746
769023
246435

for dtype, group in grouped:

dict(list(df.groupby('keyl')))

df.groupby(df.dtypes, axis=1)
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3 b two

4 a one

I — 4 815

X} T tDataFrame = A ) GroupBy*t %,  WIER A —A> (BAFRFE) si—4H (CFRAFEE) 514855
FT RG], MBS BUERGE A TR A H K. ot & i

df.groupby('keyl')['datal’]
df.groupby('keyl")[['data2']]

7 LA R TE V20 -

df['datal’'].groupby(df[ keyl'])
df[['data2']].groupby(df[ keyl'])

JCHXFREEE, RTee R FFEX s T R E. B, ErimaNEdEES, mRHFIE
data2%| )7 %8 I LA DataFrame L NG 345 5, A LLXFES .

In [31]: df.groupby(['keyl', 'key2'])[['data2']].mean()
out[31]:
data2

keyl key2
a one 1.319920

two 0.092908
b one 0.281746

two 0.769023

KPR G HRAE FTIR [B 16 G2 — A B4 4 fDataFrame  Caniiae N2 5 R B 4D B 402110
Series (WAL RAREILAIIEANFIL) -

In [32]: s_grouped = df.groupby([ 'keyl', 'key2'])['data2']

In [33]: s_grouped
Out[33]: <pandas.core.groupby.SeriesGroupBy object at 9x7faa30c78dao>

In [34]: s_grouped.mean()

Out[34]:

keyl key2

a one 1.319920
two 0.092908

b one 0.281746
two 0.769023

Name: data2, dtype: float64
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Wt 7 # 5 Seriesidt 1T 4 4H
FRECZE LLAN, 43 dHAE Bab vl LA RAEAE . KE B — A nflDataFrame:

In [35]: people = pd.DataFrame(np.random.randn(5, 5),
e columns=['a', 'b", 'c', 'd', 'e'],
00008 index=['Joe', 'Steve', 'Wes', 'Jim', 'Travis'])

In [36]: people.iloc[2:3, [1, 2]] = np.nan # Add a few NA values

In [37]: people

Out[37]:

a b c d e
Joe 1.007189 -1.296221 ©0.274992 ©0.228913 1.352917
Steve 0.886429 -2.001637 -0.371843 1.669025 -0.438570
Wes -0.539741 NaN NaN -1.021228 -0.577087
Jim 0.124121 0.302614 0.523772 0.000940 1.343810

Travis -0.713544 -0.831154 -2.370232 -1.860761 -0.860757

BUE, Bz HR R, AR A S A

In [38]: mapping = {'a': 'red', 'b': 'red', 'c': 'blue’,

00008 ‘d': 'blue', 'e': 'red', 'f' : 'orange'}

BUE, RAT BRI AN i 2 groupby,  RAIE AL, (HIATR LB EALE 70 (GRAS THTR
SR, AFAEARGEHI B> A W LA

In [39]: by_column = people.groupby(mapping, axis=1)

In [40]: by_column.sum()

out[40]:

blue red
Joe 0.503905 1.063885
Steve 1.297183 -1.553778
Wes -1.021228 -1.116829
Jim 0.524712 1.770545

Travis -4.230992 -2.405455

Seriesth AT [FIFEIUTIAE, B W] AR A EE /NI

In [41]: map_series = pd.Series(mapping)

In [42]: map_series
out[42]:
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a
b
G
d
e
f

b
b

red
red
lue
lue
red

orange

dtype: object

In [43]: people.groupby(map_series, axis=1).count()
Out[43]:

Joe
Steve
Wes
Jim

Travis

blue red
2 3
2 3
1 2
2 3
2 3

i e Bk AT 70 4

bt fs FH 7 M sl Series, ff FPython bR £ — Bl 5 5 A2 (1) 771508 X o 2SR o AR ART A 24 i 70 ZH B 1)
R SAE SN RGME BRIk, HaR BUE B2 IR AR B
#fiDataFrame A5, HZREGMENARIBTF . R UIFE— NP, SRR TTE %
Nlenpg % :

In [44]: people.groupby(len).sum()
Out[44]:

a b C d e

3 0.591569 -0.993608 0.798764 -0.791374 2.119639
5 0.886429 -2.001637 -0.371843 1.669025 -0.438570
6 -0.713544 -0.831154 -2.370232 -1.860761 -0.860757

No 2=

R, PLE—/NERgR

P BURE AL BIER. 7. SeriesiB A HIAGZ M, PRUOAALATZR VG 7E N AR 2 e e 4y B

H.:

In [45]:

In [46]:
Out[46]:

key_list = ['one', 'one', 'one', 'two', 'two']

people.groupby([len, key list]).min()

a b C d e

3 one -0.539741 -1.296221 0.274992 -1.021228 -0.577087

two
5 one

0.
Q.

124121 0.302614 0.523772 0.000940 1.343810
886429 -2.001637 -0.371843 1.669025 -0.438570

6 two -0.713544 -0.831154 -2.370232 -1.860761 -0.860757
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MR 51 o)
JE A ER 51 B 4R B 77 A A M T7 i AE T B BE RS AR Bl R 51 B — DGO BT R &
In [47]: columns = pd.MultiIndex.from_arrays([['US"', 'US"', 'uUs', 'JP', "IP'],
ceees [1; 3, 5, 1, 3]]:
et names=["'cty"', 'tenor'])

In [48]: hier_df = pd.DataFrame(np.random.randn(4, 5), columns=columns)

In [49]: hier_df

Out[49]:

cty us Jp

tenor 1 3 5 1 3
0 0.560145 -1.265934 0.119827 -1.063512 ©0.332883
1 -2.359419 -0.199543 -1.541996 -0.970736 -1.307030
2 0.286350 ©0.377984 -0.753887 0.331286 1.349742
3 0.069877 0.246674 -0.011862 1.004812 1.327195

TR G 041, T level b7 A% 15 50 7 5 B4

In [50]: hier_df.groupby(level="cty', axis=1).count()

Out[59]:

cty IP US
(%) 2 3
1 2 3
2 2 3
3 2 3

10.2 HIE R &

RETR AL RE 0 NEAL = A b 2 W ER e fid 72 . 2 ai el o a i —2, tidmean.
count. minbl f&zsum%E. Ru] AERESNTEZE GroupBy X % L fimean()if R HE R AETH 4. WFEH
IR EIBHE (nFA0-1FR) #ABATHA. SR, B 7 xeeryk, fRiEa] LV HEr.
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Bk L

count SEPIENAES R

sum IENA{EAEIFD

mean ENAEFESE

median ENABERR AR

st var R (#8Hn-1) RE2RHE
min. max ENAERR/METRKE

prod ENAERTR

first. last H—HRE—TIENAE

PRTCMEF H R SZEE, LU A % ag e AR J7i% . #lin, quantile
a] LLit#H SeriesiiDataFrame 51| (i REAS 73137 i

s ARquantile 3B H IR LSBT GroupBy, {H'E & —~Series /7%, ArLAIXHEZGERHM. SLbr
I, GroupBy4: & &%t SeriesiF ATV F, SR G X% Frifl Hlpiece.quantile(0.9), )& ix b4k B4
B B & 2

In [51]: df
Out[51]:

datal data2 keyl key2
0 -0.204708 1.393406 a one
1 0.478943 0.092908 a two
2 -0.519439 0.281746 b one
3 -0.555730 0.769023 b two
4 1.965781 1.246435 a one

In [52]: grouped = df.groupby('keyl")

In [53]: grouped['datal'].quantile(©.9)
Out[53]:

keyl

a 1.668413

b -0.523068

Name: datal, dtype: float64

IR EME R E TR G REL R A H A% Naggregateniagg /5 2RI AT :

In [54]: def peak_to_peak(arr):
ceelt return arr.max() - arr.min()
In [55]: grouped.agg(peak_to_peak)
Out[55]:
datal data2
keyl
a 2.170488 1.300498
b 0.036292 0.487276
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PRAfREVFEERNE R, FYJk (dndescribe) & A LHIAEIX BT,

B

In [56]: grouped.describe()
Out[56]:

datal

count mean std
keyl
a 3.0 0.746672 1.109736
b 2.0 -0.537585 0.025662

data2
max count mean std
keyl
a 1.965781 3.0 0.910916
b -0.519439 2.0 0.525384
75% max

keyl
a 1.319920 1.393406
b 0.647203 0.769023

min

-0.204708
-0.555730

min

0.712217
0.344556

FEJETE10.375, Bk RN X 2R B A

il A

S AN
E& =

B P AEAE AR RIITE (o8

T 17 51) 74 22 bR 25N

[ B HT H /N2 BT i read_csv e AEE 2 5, BATERIN T — AN/ E 2 EL 9 Bitip_pct:

In [57]: tips

2

5% 50%

0.137118 ©.478943
-0.546657 -0.537585

25

% 50%

0.092908 0.669671
0.281746 0.403565

1=

pd.read_csv('examples/tips.csv')

# Add tip percentage of total bill
In [58]: tips['tip_pct'] = tips['tip'] / tips['total_bill']

In [59]: tips[:6]

Out[59]:

total_bill

ui b W N PO

16.
10.
21.
23.
24.
25.

99
34
01
68
59
29

A W W W R R

tip smok
.01
.66
.50
.31
.61
.71

er
No
No
No
No
No
No

day
Sun
Sun
Sun
Sun
Sun

Sun

time
Dinner
Dinner
Dinner
Dinner
Dinner

Dinner

size

A AN W W DN
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PR LE R 10-1 St L_ﬁE’TJCE/JIZIi;E)U“;T/E“§o
BRBOA M . A EHEAE

tip_pct
.059447
.160542
.166587
.139780
.146808
.186240

B Rk, e ERE

75%

1.222362
-0.528512

1.246435
0.525384

X RO LE R IE () 7 21



R & EE|, X SeriesiDataFramel [ 5 & ic 5 H Sl 2 Flaggregate (] H & k%) B
W imean. stdZ KE75%. SR, ARATBEA S0 AR I ZIE A R 2R & ek g, s— ki
2R HSX A, PGB — SR BERIEAT R . o, FRARYE K Asmokerkitips#EAT 4>
R

In [60]: grouped = tips.groupby(['day', 'smoker'])

R, A TRA0-1H LA ST E, AT LUK eR B4 DL 77 s R e N
In [61]: grouped_pct = grouped['tip pct']
In [62]: grouped pct.agg('mean")

out[62]:
day  smoker

Fri No 0.151650
Yes 0.174783
Sat No 0.158048
Yes 0.147906
Sun No 0.160113
Yes 0.187250
Thur No 0.160298
Yes 0.163863

Name: tip_pct, dtype: float64

I RAE N —H R Bk $ 4, 13 2K DataFrame 51 it 2 URH S FY) B8 2 i 44

In [63]: grouped_pct.agg(['mean', 'std', peak_to_peak])

Out[63]:
mean std peak_to_peak
day smoker
Fri No 0.151650 ©0.028123 0.067349
Yes 0.174783 ©.051293 0.159925
Sat No 0.158048 ©0.039767 0.235193
Yes 0.147906 ©0.061375 0.290095
Sun No 0.160113 0.042347 0.193226
Yes 0.187250 0.154134 0.644685
Thur No 0.160298 ©0.038774 0.193350
Yes 0.163863 0.039389 0.151240

KH, JAMEE T - HREREBGT RS, IO > ATV

PRIFAE— e B4z 52 GroupBy H 3125 AT EL S &, el &lambdark £, ST AFRAZ", XFEIHE
WEERIC T GBI R name @8 1EEFMAIE 7D Bk, WREAKZ—AH
(name,function) JGZH A B I FIZE, & oodl )5 — N st R st 2 i H /EDataFrame ) 7114 (Al LR IX
Fi Z U H AR E M —AH P -
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In [64]: grouped_pct.agg([('foo",

Out[64]:
foo bar
day smoker
Fri No 0.151650 ©0.028123
Yes 0.174783 ©.051293
Sat No 0.158048 ©0.039767
Yes 0.147906 ©0.061375
Sun No 0.160113 0.042347
Yes 0.187250 0.154134
Thur No 0.160298 0.038774
Yes 0.163863 ©0.039389

'mean'), ('bar', np.std)])

%tFDataFrame, RIGHELZESF, fRalLlg L—ANH T 5500 — 4R, sSORF 51 R A
[F BB B AR IRAT AR B X ip_potAitotal _bill 51 i+ =G iHE K.

In [65]: functions =

In [66]: result = grouped['tip pct',

In [67]: result

Out[67]:

tip_pct
count

day smoker
Fri No 4
Yes 15
Sat No 45
Yes 42
Sun No 57
Yes 19
Thur No 45
Yes 17

WpRpT L, 45 R DataFramedfif7 /2 AL B, AR 2173 3 25 41 ik

['count',

mean

.151650
.174783
.158048
.147906
.160113
.187250
.160298
.163863

®© ®© ®© ®© ®© ®© ®© ©

'mean’,

max

.187735
.263480
.291990
.325733
.252672
.710345
.266312
.241255

® ®© ®© ®© ®©0 0 &

HAE|—il, (M4 R FkeysS 4

In [68]: result['tip_pct']

out[68]:
count
day smoker
Fri No 4
Yes 15
Sat No 45
Yes 42
Sun No 57

mean

0.151650
0.174783
0.158048
0.147906
0.160113

max

0.187735
0.263480
0.291990
0.325733
0.252672

max" ]

total _bill
count

300

15
45
42
57
19
45
17

18.
16.
19.
21.
20.
24.
17.
19.

mean

420000
813333
661778
276667
506667
120000
113111
190588

"total_bill'].agg(functions)

22.
40.
48.
50.
48.
45.
41.
43.

4

max

75
17
33
81
17
35
19

PRE

, SRJ5 FHconcat 45 5t



Yes 19 0.187250 0.710345
Thur No 45 0.160298 0.266312
Yes 17 ©0.163863 0.241255

PRATT—FF, X BB A DME N H E AR —2H e
In [69]: ftuples = [('Durchschnitt', 'mean'),('Abweichung', np.var)]

In [70]: grouped['tip_pct', 'total bill'].agg(ftuples)
Out[70]:
tip_pct total_bill
Durchschnitt Abweichung Durchschnitt Abweichung

day smoker

Fri No 0.151650 0.000791 18.420000 25.596333
Yes 0.174783 0.002631 16.813333 82.562438
Sat No 0.158048 0.001581 19.661778 79.908965
Yes 0.147906  0.003767 21.276667 101.387535
Sun No 0.160113 0.001793 20.506667 66.099980
Yes 0.187250 0.023757 24.120000 109.046044
Thur No 0.160298 0.001503 17.113111 59.625081
Yes 0.163863 0.001551 19.190588 69.808518

BUE, Bt VR ZE— A F B R 91 S AN R R pR K. BRI Inik 2 Trlagg fle A — > A 44 i
31 bR B 5

In [71]: grouped.agg({'tip"' : np.max, 'size' : ‘sum'})
Out[71]:
tip size

day smoker

Fri No 3.50 9
Yes 4.73 31
Sat No 9.00 115
Yes 10.00 104
Sun No 6.00 167
Yes 6.50 49
Thur No 6.70 112
Yes 5.00 40

In [72]: grouped.agg({'tip_pct' : ['min', 'max', 'mean', 'std'],

00008 'size' : 'sum'})
out[72]:

tip_pct size
min max mean std sum

day smoker
Fri No 0.120385 ©0.187735 ©0.151650 0.028123 9
Yes 0.103555 0.263480 0.174783 0.051293 31
Sat No 0.056797 ©.291990 0.158048 0.039767 115
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Yes 0.035638 0.325733 0.147906 0.061375 104
Sun No 0.059447 0.252672 0.160113 0.042347 167
Yes 0.065660 ©0.710345 0.187250 0.154134 49
Thur No 0.072961 0.266312 0.160298 0.038774 112
Yes 0.090014 0.241255 0.163863 0.039389 40

HE®BZARE N AR 2> —FK, DataFrame4 26 )2 XLHIF1 .,

DL AT 2R 517 (A 2UR [R] 2R 45 23

FIHAALE, FrA GRS EA M AR R 5| (ATReis 2 E ) o BT
FEA BT LML, FrARA] LLagroupbyft Aas_index=False A2k H 1% Dy RE

7

In [73]: tips.groupby(['day', 'smoker'], as_index=False).mean()

Oout[73]:

day smoker total_bill tip size tip_pct
(%] Fri No 18.420000 2.812500 2.250000 0.151650
1 Fri Yes 16.813333 2.714000 2.066667 ©.174783
2 Sat No 19.661778 3.102889 2.555556 ©0.158048
3 Sat Yes 21.276667 2.875476 2.476190 0.147906
4 Sun No 20.506667 3.167895 2.929825 0.160113
5 Sun Yes 24.120000 3.516842 2.578947 ©.187250
6 Thur No 17.113111 2.673778 2.488889 0.160298
7  Thur Yes 19.190588 3.030000 2.352941 0.163863

MoK, WEE R Freset_index i e 15 21X ML A 45 R . {8 Has_index=False /5 % 1] LLUkE G — 44
AL BT

10.3 apply: — PR fI“HT58 — BLF — &9

B E I GroupBy /7 ik /eapply, AT IR TR E S IHAEE . E10-2F7R, apply2 S RF ALY
MRPF LN B, ARER S A BN R, BE s B ARk,
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Split Apply Combine

AlO
AlS

sum
A10\

B |5 A |15
sum

B|10} — B |30
B |15 C |45

C|10
C|15
€120

sum

A | | PP A|0 | B> A" >

(8] 2 2 BRSNS tda B, s VR A AR 7 40k Y R =i 5 Mip_petfEl. B %%, S — kS
SE B AT B R AR AOAT ) pR 4L

In [74]: def top "tip_pct'):
ceeet return df.sort_values(by=column)[-n:]

In [75]: top(tips, n=6)
Out[75]:
total_bill tip smoker day time size  tip_pct
Yes Sat Dinner
Yes Sun Dinner
No Sat Dinner
Yes Sat Dinner
Yes Sun Dinner
Yes Sun Dinner

BUE, i xtsmokers 2 F % eR B0 Fapply, it 2153

In [76]: tips.groupby('smoker").apply(top)
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Out[76]:
total_bill tip smoker  day time size  tip_pct

smoker

No 88 24.71 5.85 No Thur  Lunch 2 0.236746
185 20.69 5.00 No Sun Dinner 5 0.241663
51 10.29 2.60 No Sun Dinner 2 0.252672
149 7.51 2.00 No Thur Lunch 2 0.266312
232 11.61 3.39 No Sat Dinner 2 0.291990

Yes 109 14.31 4.00 Yes Sat Dinner 2 0.279525
183 23.17 6.50 Yes Sun Dinner 4 0.280535
67 3.07 1.00 Yes Sat Dinner 1 0.325733
178 9.60 4.00 Yes Sun Dinner 2 0.416667
172 7.25 5.15 Yes Sun Dinner 2 0.710345

KHERATHA? topkiFifEDataFrameff1 %~ B LI, 85 45 5 tipandas.concatZ 25 £ —
e, HLAAARRET ThRd. T2, BEERMA T —NERMERS, HNERIMERAE

DataFrame.,

U0 RA% Yrapply 1 R B RENS 2 A S B alioc i 7, AT DIOR IR 28 P T8 bR A4S S T — IR AR N

In [77]: tips.groupby(['smoker', 'day']).apply(top, n=1, column='total bill")
Out[77]:

total _bill tip smoker  day time size  tip_pct
smoker day

No Fri 94 22.75 BIS No Fri Dinner 2 0.142857
Sat 212 48.33 9.00 No Sat Dinner 4 0.186220
Sun 156 48.17 5.00 No Sun Dinner 6 0.103799
Thur 142 41.19 5.00 No Thur Lunch 5 0.121389
Yes Fri 95 40.17 4.73 Yes Fri Dinner 4 0.117750
Sat 170 50.81 10.00 Yes Sat Dinner 3 0.196812
Sun 182 45.35 3.50 Yes Sun Dinner 3 0.077178
Thur 197 43.11 5.00 Yes Thur  Lunch 4 0.115982

id: BIXEEAREZ AN, BT KiFapply B IR KA FEGR TARIIAIE 7). A
HIARAS R HRE AT A s ARl 15, & R AR IR Bl —>pandasxf G aibr EEEI AT . 48 % 5 40
73 B 8 5 R T I A AT R FH groupby fif R 25 At A Y i e

AIRERE AR T, Z AT HAEGroupBy X} % I 1 it describe:
In [78]: result = tips.groupby('smoker")["tip_pct'].describe()

In [79]: result
Out[79]:

count mean std min 25% 50% 75% \
smoker
No 151.0 ©0.159328 ©0.039910 0.056797 0.136906 ©0.155625 0.185014
Yes 93.0 0.163196 0.085119 0.035638 0.106771 ©0.153846 ©.195059
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max

smoker
No 0.291990
Yes 0.710345

In [80]: result.unstack( ' smoker")

out[80]:
smoker
count No 151.000000
Yes 93.000000
mean No 0.159328
Yes 0.163196
std No 0.039910
Yes 0.085119
min No 0.056797
Yes 0.035638
25% No 0.136906
Yes 0.106771
50% No 0.155625
Yes 0.153846
75% No 0.185014
Yes 0.195059
max No 0.291990
Yes 0.710345

dtype: float64

1EGroupByH, 44/kifH Fl & Widescribe 2R 77k}, S2br B FUR N TR SRS B 5 X
me:

f = lambda x: x.describe()
grouped.apply(f)

2R 1y A B

M ETH Rl AR, B BRI A5 R R 51 SRR R R R 2 R ER 5
group_keys=Falsef% A groupbyEll i] 2% 1F 1% % 5 .

In [81]: tips.groupby('smoker', group_keys=False).apply(top)

Out[81]:

total _bill tip smoker  day time size tip_pct
88 24.71 5.85 No Thur Lunch 2 0.236746
185 20.69 5.00 No Sun Dinner 5 0.241663
51 10.29 2.60 No Sun Dinner 2 0.252672
149 7.51 2.00 No Thur Lunch 2 0.266312
232 11.61 3.39 No Sat Dinner 2 0.291990
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109 14.31 4.00 Yes Sat Dinner 2 0.279525
183 23.17 6.50 Yes Sun Dinner 4 0.280535
67 3.07 1.00 Yes Sat Dinner 1 0.325733
178 9.60 4.00 Yes Sun Dinner 2 0.416667
172 7.25 5.15 Yes Sun Dinner 2 0.710345

73 R HCN AR 73 A

JEfEEsE kL, pandasf —LEREARE 45 € H JCEURE A /A 20K B 5 o s 2 By T (L
cutfllgeut) . KiXEEpR i ERgroupby 4 Ak, HtREIEH BN sSE I LA (bucket) B
7% (quantile) 4387 1. AR THIX A& H I BEATLEE SE 051, FRATTRI F cuths L 28 O\ K AH 45 1 4
i

In [82]: frame = pd.DataFrame({'datal’': np.random.randn(1000),
60008 ‘data2': np.random.randn(1000)})

In [83]: quartiles = pd.cut(frame.datal, 4)

In [84]: quartiles[:10]
Out[84]:

0 (-1.23, 0.489]
1 (-2.956, -1.23]
2 (-1.23, 0.489]
3 (0.489, 2.208]
4 (-1.23, 0.489]
5 (0.489, 2.208]
6 (-1.23, 0.489]
7 (-1.23, 0.489]
8 (0.489, 2.208]
9 (0.489, 2.208]

Name: datal, dtype: category
Categories (4, interval[float64]): [(-2.956, -1.23] < (-1.23, 0.489] < (©.489, 2.
208] < (2.208, 3.928]]

i cuti& [A] ) Categorical it % 7] B #46#: Fgroupby. Kk, FRATTALAME T X AEXT data2 51 i — L&
it

In [85]: def get_stats(group):
vl return {'min': group.min(), 'max’': group.max(),
ceet ‘count': group.count(), 'mean': group.mean()}

In [86]: grouped = frame.data2.groupby(quartiles)

In [87]: grouped.apply(get_stats).unstack()
out[87]:
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count max mean min
datal
(-2.956, -1.23] 95.0 1.670835 -0.039521 -3.399312
(-1.23, 0.489] 598.0 3.260383 -0.002051 -2.989741
(0.489, 2.208] 297.0 2.954439 0.081822 -3.745356
(2.208, 3.928] 10.0 1.765640 0.024750 -1.929776

IR FEANSE I . EARYEFEAS A 805 B/ MHEE R, qeutBIT] . f£ Alabels=False
BV AT RRIU B 2 G 5 -

# Return quantile numbers
In [88]: grouping = pd.qcut(frame.datal, 10, labels=False)

In [89]: grouped = frame.data2.groupby(grouping)

In [90]: grouped.apply(get_stats).unstack()

Oout[99]:

count max mean min
datal
0 100.0 1.670835 -0.049902 -3.399312
1 100.0 2.628441 0.030989 -1.950098
2 100.0 2.527939 -0.067179 -2.925113
3 100.0 3.260383 0.065713 -2.315555
4 100.0 2.074345 -0.111653 -2.047939
5 100.0 2.184810 ©0.052130 -2.989741
6 100.0 2.458842 -0.021489 -2.223506
7 100.0 2.954439 -0.026459 -3.056990
8 100.0 2.735527 0.103406 -3.745356
9 100.0 2.377020 0.220122 -2.064111

BAEAEFH1253 V4N pandas i CategoricalZE A

il AR T AR EE TSR E

Xt BR A BB AR, AR & dropnati JL g, 1A I U AT 6 2 A BT A [ ek
HI B AR 5 T T A ORI LI ZENAME . X I A8 fillnaiX AN TR 7o 72 7R X Ao,
H P E ZIHFENAA -

In [91]: s = pd.Series(np.random.randn(6))
In [92]: s[::2] = np.nan

In [93]: s

out[93]:

0 NaN

1 -0.125921
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2 NaN
3 -0.884475
4 NaN
5 0.227290
dtype: float64

In [94]: s.fillna(s.mean())

Out[94]:

(%) -0.261035
1 -0.125921
2 -0.261035
B -0.884475
4 -0.261035
5 0.227290

dtype: float64

RBR TG BRI AR R HIAFEAFRME . —FREREEIE 4L, IFE Happly f1—4> REAE X %4
PR Hfillnaff) s B Bl e R i — A RS LA A s 1 508, K48 H 4 o R B AN 7Y
0

In [95]: states = ['Ohio', 'New York', 'Vermont', 'Florida‘,
ceell 'Oregon', 'Nevada', 'California‘', 'Idaho']

In [96]: group_key = ['East'] * 4 + ['West'] * 4
In [97]: data = pd.Series(np.random.randn(8), index=states)

In [98]: data

out[98]:

Ohio 0.922264
New York -2.153545
Vermont -0.365757
Florida -0.375842
Oregon 0.329939
Nevada 0.981994
California 1.105913
Idaho -1.613716

dtype: float64

[East]* 47/ 7 —AHI%, WH [ [East1hu s MU E L. KX B p 2 s GEE ok .
A5 R
In [99]: data[['Vermont', 'Nevada', 'Idaho']] = np.nan

In [100]: data
Out[100]:
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Ohio 0.922264

New York -2.153545
Vermont NaN
Florida -0.375842
Oregon 0.329939
Nevada NaN
California 1.105913
Idaho NaN

dtype: float64

In [101]: data.groupby(group_key).mean()
out[101]:

East -0.535707

West 0.717926
dtype: float64

FATAT L 73 1P B 2 HH FENAA:

In [102]: fill mean = lambda g: g.fillna(g.mean())

In [103]: data.groupby(group_key).apply(fill mean)

out[163]:

Ohio 0.922264
New York -2.153545
Vermont -0.535707
Florida -0.375842
Oregon 0.329939
Nevada 0.717926
California 1.105913
Idaho 0.717926

dtype: float64

T3hh, WA DAEARS T HUE R AL RIETEE. BT HAE —namelgt, FrAFRATAT AZR
_‘"F:

In [104]: fill_values = {'East': 0.5, 'West': -1}

In [105]: fill_func = lambda g: g.fillna(fill_values[g.name])

In [106]: data.groupby(group_key).apply(fill_func)

Out[106]:

Ohio 0.922264
New York -2.153545
Vermont 0.500000
Florida -0.375842
Oregon 0.329939
Nevada -1.000000
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California 1.105913
Idaho -1.000000
dtype: float64

Bl BEHLRAE RS

TRBEVRAEEE N — AN KB TP BEN LI AT B Bl & ) FEA LT S 4R BB (Monte
Carlo simulation) B(HA 8T TAE. “WhECr7NARZ, X BAEH K772 % Series{di Fsample
iR/

# Hearts, Spades, Clubs, Diamonds
suits = ['H', 'S", 'C', 'D']
card_val = (list(range(1, 11)) + [106] * 3) * 4
base _names = ['A'] + list(range(2, 11)) + ['J', 'K', 'Q"]
cards = []
for suit in ['H', 'S"', 'C', 'D']:
cards.extend(str(num) + suit for num in base_names)

deck = pd.Series(card_val, index=cards)

BUERA T — M KE 52 Series, HRGIGHERMAL, (N2 fi 3 AblE & b A T2 1 mi 8
CN TR I, AR SO -

In [108]: deck[:13]
Out[108]:

AH
2H
3H
4H
5H
6H
7H
8H
9H
10H
JH
KH
QH
dtype: inte64

O 00 N O U1 A W N BB

[ e
® ® ® ®

B, RGP, AR ek, AT

In [109]: def draw(deck, n=5):

..... : return deck.sample(n)
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In [110]: draw(deck)

out[110]:
AD 1
8C 8
5H 5
KC 10
2C 2

dtype: int64

RS VRAR L AR AR e B LA P KR .t TAE U A B G — N4, BT DAFRATT 0T DA st
1745040, FF8 Happly:

In [111]: get_suit = lambda card: card[-1] # last letter is suit

In [112]: deck.groupby(get_suit).apply(draw, n=2)

Out[112]:

C 2C 2
3C 3

D KD 10
3D 8

H KH 10
3H 3

S 2S 2
4S 4

dtype: int64

S, AT AR

In [113]: deck.groupby(get_suit, group_keys=False).apply(draw, n=2)

Out[113]:
KC 10
JC 10
AD 1
5D 5
S5H 5
6H 6
7S 7
KS 10

dtype: int64

A or AT B EORAH 5 F2 4

A groupby s 2 — B — & 9E7VE 20,  wJ LAiE4T DataFrameft) 4] 5 51 2 8] 5 75 4~ Series 2 7] ]
BE (L dmpcre) o LI EIRENG], EEF . EHPA L A EE:
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In [114]: df = pd.DataFrame({'category': ['a', 'a', 'a', 'a',
000008 'b', 'b', 'b', 'b'],
000008 ‘data': np.random.randn(g),
el 'weights': np.random.rand(8)})

In [115]: df
Out[115]:

category data weights
(%] a 1.561587 0.957515
1 a 1.219984 0.347267
2 a -0.482239 0.581362
3 a 0.315667 0.217091
4 b -0.047852 0.894406
5 b -0.454145 0.918564
6 b -0.556774 ©0.277825
7 b ©.253321 0.955905

SR 5 7] LAFI F category i1 5243 4 A ST 515 -
In [116]: grouped = df.groupby('category")
In [117]: get_wavg = lambda g: np.average(g['data'], weights=g[ 'weights'])

In [118]: grouped.apply(get_wavg)
Out[118]:

category

a 0.811643

b -0.122262

dtype: float64

AT, FRE K EYahoo!Finance i tk, H & JL R IR ARHEL /R50045 % (7
FSPX) KA

In [119]: close_px = pd.read_csv('examples/stock_px_2.csv', parse_dates=True,
el index_col=0)

In [120]: close_px.info()

<class 'pandas.core.frame.DataFrame'>

DatetimeIndex: 2214 entries, 2003-01-02 to 2011-10-14
Data columns (total 4 columns):

AAPL 2214 non-null float64

MSFT 2214 non-null float64

XOM 2214 non-null float64

SPX 2214 non-null float64

dtypes: float64(4)

memory usage: 86.5 KB

312



In [121]: close_px[-4:]
Out[121]:

AAPL MSFT XOM SPX
2011-10-11 400.29 27.00 76.27 1195.54
2011-10-12 402.19 26.96 77.16 1207.25
2011-10-13 408.43 27.18 76.37 1203.66
2011-10-14 422.00 27.27 78.11 1224.58

Kt — N BRAES: HE AR HREER GBI H 58D 5SPX IR I4FEE MK &R
A i fiDataFrame. N IHE —/NSEELIMNE, BAVCEIE DR, H e E B FSPXF I kT
FHR R HL:

In [122]: spx_corr = lambda x: X.corrwith(x['SPX'])

F Rk, AL Hpct_changeit$iclose_pxH 7 AR :

In [123]: rets = close_px.pct_change().dropna()

e, FRATREXE 2 AT /04, FTULH — AT MRS, IWRAT IAR 25 IR [F] B> datetime
FRZ: M year)& M

In [124]: get_year = lambda x: x.year
In [125]: by_year = rets.groupby(get_year)

In [126]: by_year.apply(spx_corr)

Out[126]:

AAPL MSFT XOM SPX
2003 0.541124 ©0.745174 0.661265 1.0
2004 0.374283 ©0.588531 0.557742 1.0
2005 0.467540 0.562374 0.631010 1.0
2006 0.428267 0.406126 ©0.518514 1.0
2007 0.508118 0.658770 0.786264 1.0
2008 0.681434 0.804626 ©0.828303 1.0
2009 0.707103 0.654902 0.797921 1.0
2010 0.710105 0.730118 ©0.839057 1.0
2011 0.691931 0.800996 ©0.859975 1.0

IR, ARIETT LTSS 55 (A AR R . KB, AT Apple MIMicrosoft ) 4 A o< £ 4

In [127]: by_year.apply(lambda g: g['AAPL"'].corr(g[ 'MSFT']))
Out[127]:

2003 0.480868

2004 0.259024
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2005 0.300093
2006 0.161735
2007 0.417738
2008 0.611901
2009 0.432738
2010 0.571946

2011 0.581987
dtype: float64

Al O 2 [

i b —Mel 4k sk, ARnT LU groupby AT BE A AR L Ge it i, R R EUR [ ) /2 pandas
X R bR BRI AT Fln, FaT bl R TX regresspfi # (B Hstatsmodelsit & 485524 FE) Xt
FHAR AT I @ fe /N —3RE (Ordinary Least Squares, OLS) [6])7:

import statsmodels.api as sm
def regress(data, yvar, xvars):
Y = data[yvar]
X = data[xvars]
X[ 'intercept'] = 1.
result = sm.OLS(Y, X).fit()
return result.params

BAE, T HE T EAAPLG SPXUS i # ) Ze v I, $047

In [129]: by_year.apply(regress, 'AAPL', ['SPX'])

Out[129]:

SPX intercept
2003 1.195406 0.000710
2004 1.363463 0.004201
2005 1.766415 0.003246
2006 1.645496 0.000080
2007 1.198761 0.003438
2008 0.968016 -0.001110
2009 0.879103 0.002954
2010 1.052608 0.001261
2011 0.806605 0.001514

10.4 iZE LR AN X3
B (pivot table) J& & i TR MG FE - A1 HAth B 2 1 A —Fh s W EFEC S TR . e

WA AN BRI TR S, FRIEAT A L B B R o e R S AR X . 7R
PythonAllpandast, DLt A 2 /44 i groupby THRE LA K2 (REWSFIF JZ AL R 51 ) B s
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HiEiEME . DataFramefs —-pivot_table /515, ILAMNEH — A2 fipandas.pivot_table ik
. BRAEgroupby R HEEFIZ 41, pivot_tableit A LAV IS Wi hit, i fmargins.

[ BN R, BRI AR Y day Mlsmokerit 70 41 -4 (pivot_tablefERIN R & 2RAD)
I day Msmokerill 247 I

In [130]: tips.pivot_table(index=['day"', 'smoker'])

Out[130]:
size tip tip_pct total_bill
day smoker
Fri No 2.250000 2.812500 0.151650 18.420000
Yes 2.066667 2.714000 0.174783 16.813333
Sat No 2.555556 3.102889 ©0.158048 19.661778
Yes 2.476190 2.875476 ©0.147906 21.276667
Sun No 2.929825 3.167895 0.160113 20.506667
Yes 2.578947 3.516842 ©0.187250 24.120000
Thur No 2.488889 2.673778 0.160298 17.113111
Yes 2.352941 3.030000 ©0.163863 19.190588

] LA groupby B HR . TR, ok IR R AR Gtip_pctfisize, 1 HARMRIatimedt 17704, &
¥rsmokeri 2% I, day/E4T L

In [131]: tips.pivot_table(['tip pct', 'size'], index=['time', 'day'],

600008 columns="smoker")

Out[131]:
size tip_pct

smoker No Yes No Yes

time day

Dinner Fri 2.000000 2.222222 0.139622 0.165347
Sat 2.555556 2.476190 0.158048 0.147906
Sun 2.929825 2.578947 0.160113 0.187250
Thur 2.000000 NaN ©.159744 NaN

Lunch Fri 3.000000 1.833333 0.187735 0.188937
Thur 2.500000 2.352941 ©0.160311 0.163863

A LI AN AR AL, £ Amargins=Trueds I Wi/Nit. X2 inbr2s A AN 47 Al
B, HAB T BT AN b A B 6 43 L S v

In [132]: tips.pivot_table(['tip_pct', 'size'], index=['time', ‘'day'],
500008 columns="smoker', margins=True)

out[132]:

size tip_pct
smoker No Yes All No Yes All
time day

Dinner Fri 2.000000 2.222222 2.166667 0.139622 0.165347 0.158916
Sat 2.555556 2.476190 2.517241 0.158048 0.147906 ©.153152
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Sun 2.929825 2.578947 2.842105 0.160113 0.187250 0.166897
Thur 2.000000 NaN 2.000000 0.159744 NaN ©.159744
Lunch Fri 3.000000 1.833333 2.000000 0.187735 0.188937 0.188765
Thur 2.500000 2.352941 2.459016 ©0.160311 ©0.163863 ©0.161301
All 2.668874 2.408602 2.569672 0.159328 0.163196 0.160803

XH, AMERN TR AR R SR E (AN |, AREE R AT 20 L AN 2] T AT AT
BT CAIAT)

G AL R AR, B HALSaggfuncBI T . Filtn, {# i countallen ] LAFS 84 553 41 K /N
TXNFR GHEER) -

In [133]: tips.pivot_table('tip_pct', index=['time', 'smoker'], columns='day"',
et aggfunc=len, margins=True)

Out[133]:

day Fri Sat Sun Thur All

time  smoker

Dinner No 3.0 45.0 57.0 1.0 106.0
Yes 9.0 42.0 19.0 NaN 70.0
Lunch No 1.0 NaN NaN 44.0 45.0
Yes 6.0 NaN NaN 17.0 23.0
All 19.0 87.0 76.0 62.0 244.0

MRS IHSE (WEENA) , IRATRES A B i E —Mill_value:

In [134]: tips.pivot_table('tip_pct', index=['time', 'size', 'smoker'],

et columns="day"', aggfunc="'mean', fill value=0)

Out[134]:
day Fri Sat Sun Thur
time  size smoker
Dinner 1 No 0.000000 ©0.137931 0©0.000000 0.000000
Yes 0.000000 ©0.325733 0.000000 0.000000
2 No 0.139622 0.162705 0.168859 0.159744
Yes 0.171297 ©.148668 0©0.207893 0.000000
3 No 0.000000 0.154661 0.152663 ©0.000000
Yes 0.000000 0.144995 0.152660 ©.000000
4 No 0.000000 ©0.150096 ©0.148143 0.000000
Yes 0.117750 ©.124515 ©0.193370 ©0.000000
5 No 0.000000 0©0.000000 0.206928 ©0.000000
Yes 0.000000 0.106572 0.065660 ©0.000000
Lunch 1 No 0.000000 0.000000 0.000000 ©0.181728
Yes 0.223776 ©.000000 0©0.000000 0.000000
2 No 0.000000 0.000000 0©0.000000 ©0.166005
Yes 0.181969 0©0.000000 0.000000 ©.158843
3 No 0.187735 0©0.000000 0©0.000000 0.084246
Yes 0.000000 0.000000 0©0.000000 ©0.204952
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No
Yes
No
No

[ rows X

columns]

pivot_tableff1Z £ 5t B 1% 2 L% 10-2.

Eifea 5t

values FREMIINEFRR. BRABRSREEUET!

index AFmans g HibpEg, BEEREIRNT

columns BFoanF aoHit o Eg, DIAEERENRNT

aggfunc | BAREG FREHFIFR, LA mean. TLRLEEEX groupby BRI RS
fil_value | BFERERTPHRAE

dropna INFRH True, ANANNZEEEAH NA BYF

margins AT/ TR, BUAR False

LN F: crosstab

X F (cross-tabulation, fijFrcrosstab) s&—FH T iHH 0 HAR P EFREMER . B T IHH)

7

In [ 1:
Out[ 1:

Sample Nationality

TERR & A 8 73

data

Handedness
USA Right-handed
Japan  Left-handed
USA Right-handed
Right-handed
Left-handed
Japan Right-handed
USA Right-handed
USA  Left-handed
Japan Right-handed
USA Right-handed

Japan

Japan

AT AT e AR AR [ A T S O X B AT il e . AR AT BAH

pivot_tablesZHliZIhfE, {H Epandas.crosstab e ¥ 2 5 7

In [ ]1: pd.crosstab(data.Nationality, data.Handedness, margins=True)
Out[ 1:

Handedness  Left-handed Right-handed All

Nationality

Japan
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USA 1 4 5
All 3 7 10

crosstab[fI R NS n] UL $ 40 5 Series, BUREAH YK . Wil /N REHE .

In [140]: pd.crosstab([tips.time, tips.day], tips.smoker, margins=True)

Out[140]:

smoker No Yes All
time day

Dinner Fri 3 9 12

Sat 45 42 87
Sun 57 19 76
Thur 1 0 1

Lunch Fri 1 6 7
Thur 44 17 61
All 151 93 244

10.5 s 45

# R pandas¥iis o 41 T HBEA B T HEE, A BT @sisigiit ot TIE. w8145, RI&
LA, 0B S 4 H groupby

FEN 2, AT 8] 7 91 K4l
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I [EFP41 - (time series) Hdfad — R Z A5, BT 2008, BfhEiiss. 25
o AR AR WEEE . 1R 2 IR RO B R B (AR (T SR AT DU R — B [
B0 ARZE I IE] Py F1 2 [ S AN 1, Bt U, BH R AR A e I B CEL 1550
"5 eh . REAMBL O o WRFPIIt R LU AN E N, 50 R i 18] 57 B A 2 18] ) (i 72
o IR A B R SRR T BAR R 5, A DU LR

o [f[AIE% (timestamp) , %75 M %,

o [HEIHH (period) , 41200741 H 52010444

o IF[AI[EIRG Cinterval) , HIACLAFIZE R MIBRE R . B (period) W] LAY 18] b
Cinterval) (#4541

o SIS EGS RIS (], AEANI ] A R A TR AR AR I TR ) — AN . B, AJBRNSEFERT R,
OB ES.

A5 E EPHE AT M (B P41 V2 BORHR AT ] T AL B SC IR Y (8] 51, R 51 AT RE R — R
TR GROR NSERR TR S T2 i 2RI 1)) o e T3] B2t B i AL FR) IS 1) 57 51040 /2 FH I ) B AT R
G

PE7R: pandasth 2R Ttimedeltasf48 4L, &0 DLA SRR SR B &0t fIRf ). XA A
W Ktimedeltafi £, {HARW] LL2: > pandasff) i (http://pandas.pydata.org/)

pandasfi it 1 V1% PN BN (8] 2 51 A BE TR AEGE 59k DAL, ART DA 38 A B AR KA I 18]
B, BASMEEAT UL IOIE B X AN I I R SR AT ERAE S . A ARG & &
RUANZE TR R, AR 2Rt R] DU B AR 7 i 55 4 H S 208

11.1 H HAATE) [a) F gm0 A T A

PythonbrdE a0 & T H i (date) FIIFA] (time) #di R 287, 1 Hik A H 5 I Thas .
FAT1E L Fdatetime. timell K calendarfitl, datetime.datetime (tH7] LL{# E Jydatetime)
S AR A 2R T

In [10]: from datetime import datetime
In [11]: now = datetime.now()

In [12]: now
Out[12]: datetime.datetime(2017, 9, 25, 14, 5, 52, 72973)

In [13]: now.year, now.month, now.day
Out[13]: (2017, 9, 25)

datetime LLZZF0 T A7 H WIFIH] . timedelta?é s 7> datetime X 52 22 [ () i 1) 2 «
In [14]: delta = datetime(2011, 1, 7) - datetime(2008, 6, 24, 8, 15)
In [15]: delta
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Out[15]:

In [16]:
Out[16]:

In [17]:
Out[17]:

datetime.timedelta(926, 56700)

delta.days
926

delta.seconds
56700

n] Ll¢hdatetimeXt i b (8K Z:) — N EiZ AMtimedelta, XFES 2 — AN B

In [18]:

In [19]:

In [20]:
out[20]:

In [21]:
out[21]:

from datetime import timedelta

start = datetime(2011, 1, 7)

start + timedelta(12)
datetime.datetime(2011, 1, 19, 0, 9)

start - 2 * timedelta(12)
datetime.datetime(2010, 12, 14, 0, 0)

datetimeBib (15 A 2 W 10-1. IR A T 3 B & pandas B 28 8 Al iy 44 6 18] 7 1) Ak
i, {HRE E 2 EPython ) HAthith 77 18 245 S datetime () FkE 257

#11-1 datetime bl H (1) B 25 71

£ il
date
time
datetime

timedelta

Pkl

MoamkAFEEBHEM (£, B, B)
BREAFEEAR, 5, B, 8

5 & B A3 F0 B E)

FTrE M datetime@Z[EMZE (B, ¥, )

tzinfo fAAifi X [5 B R A

4% 5 Fldatetime 7 4 B 4%

FIHstrafstritime 7772 (fE N — MG FFE) |, datetimeXt L flpandasff TimestampXf % (F4
JERR D AT AR AR A R

In [22]:

In [23]:
Out[23]:

In [24]:
Out[24]:

stamp = datetime(2011, 1, 3)

str(stamp)
'2011-01-03 00:00:00'

stamp.strftime('%Y-%m-%d")
'2011-01-03"
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RA1-25H T A ER AR ALY .

#11-2 datetimet% € L (FEEISO C89)

58 %6
%Y AP SR
%y 20 S 5

%%m 2 & m 101,12
%d 2 &A1, 31]

%H gt (24/B4 %) [00, 23]

%l B (12/hBE) [01,12]

%M 2{i #2857 100, 591

%S #b[00, 61] (FbeoFae1 AT EF)

Yow Ag2&ERFnNEMN/L0 (2X) 6

%U BEMEI/LEI00, 53], 2RI EGRANE—X, §FEF—1TEMXZH
MBI IAADE "FoF”

%W FEMFE/LEI00, 53] EH—#HIAAREEANE—X, §EE—1TEH—=W
MANLEEADRE "F0F”

%z  RI+HHMMEE —HHMMIFRAUTCR RGIB R, MEM K Hnaive , MEEZE
Fit &

%F %Y-%m-%d s S, #1iMN2012-4-18

%D %m/%d/%y(E SR, Flwosans/2

1Rk

datetime.strptime RJ LA 1% L4 A 2 oK = 155 5 A 4y H 1
In [25]: value = '2011-01-03"'

In [26]: datetime.strptime(value, '%Y-%m-%d")
Out[26]: datetime.datetime(2011, 1, 3, 9, 0)

In [27]: datestrs = ['7/6/2011', '8/6/2011']

In [28]: [datetime.strptime(x, '%m/%d/%Y"') for x in datestrs]
out[28]:

[datetime.datetime(2011, 7, 6, 0, 9),

datetime.datetime(2011, 8, 6, 0, 0)]

datetime.strptime & i O &A% FEAT H AR T I 77 2o RS S B 15 4 28 SRR R
PIFE, JUIHEXS T — 2w O B IR 0. X RS AL T, ARAT LA dateutiliz AN 55 =5 B 1
parser.parse jji% (pandasth U4 HEh 23504 1) -

321



In [29]: from dateutil.parser import parse

In [30]: parse('2011-01-03")
Out[32]: datetime.datetime(2011, 1, 3, @, 9)

dateutiln] LA JL-F B3 A SERENS B K H 191275 3K

In [31]: parse('Jan 31, 1997 10:45 PM')
Out[31]: datetime.datetime(1997, 1, 31, 22, 45)

7EE brid A ks A, H B IUE A R R ik, & A\dayfirst=True R A] fif HiX A~ a] @ -

In [32]: parse('6/12/2011"', dayfirst=True)
Out[32]: datetime.datetime(2011, 12, 6, 0, 9)

pandasiii i & B T A B R ZH H 3, ANE X e H W& DataFramef14 &= 5118 2 %)) . to_datetimes
FERT DU 2 AN R ) H ISR R T . dhAsE H IR 20 (anlSO8601) gt Al -

In [33]: datestrs = ['2011-07-06 12:00:00', '2011-08-06 00:00:00']
In [34]: pd.to_datetime(datestrs)

Out[34]: DatetimeIndex(['2011-07-06 12:00:00', '2011-08-06 00:00:00'], dtype='dat
etime64[ns]', freqg=None)

CIE T LA EE B (None 2 FRFHREE)
In [35]: idx = pd.to_datetime(datestrs + [None])
In [36]: idx
Out[36]: DatetimeIndex(['2011-07-06 12:00:00', '2011-08-06 00:00:00', 'NaT'], dty

pe='datetime64[ns]', freq=None)

In [37]: idx[2]
Out[37]: NaT

In [38]: pd.isnull(idx)
out[38]: array([False, False, True], dtype=bool)

NaT (Not a Time) s&pandasH i [aJ & FInull{E .

TER: dateutil.parserie — M ZHAEANTEER T HE ., ik, Boit—8EAA R HPK7R
FOAMERZH B (P42 "2 it 20424145 .
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datetimexf RiLA — e g T AR (A T AR ERSAEHAFE SRS kL. 41
o, (ERENETE RGN A 0 6 St 5 s RGP KA R .. R11-38HT T E 45,

RA1-3 K558 T A AT H I

X8 A

%a BHILHES

%A ENLBER

% BAHAES

%B  BUIRER

%e  TEMBEAFOEE, F4 “Tue 01 May 2012 04:20:57 PM™

%p A REEREPRAMEIPM

%x ESTEIFENHBHER. M, FXE, "May1,20012" &%
“05/01/2012"

%X BETHNRROHERR, FIM0 "0d2412pM”

11.2 i) [8] 7 51 34l

pandas i 3t A 1 A 8] 7 51 280 il DA (1K iR LLPython 775 H: B datatime Xt L % n) AZ 5]
ff]Series:

In [39]: from datetime import datetime

In [40]: dates = [datetime(2011, 1, 2), datetime(2011, 1, 5),
et datetime(2011, 1, 7), datetime(2011, 1, 8),
60008 datetime(2011, 1, 10), datetime(2011, 1, 12)]

In [41]: ts = pd.Series(np.random.randn(6), index=dates)

In [42]: ts

Out[42]:

2011-01-02 -0.204708
2011-01-05 0.478943
2011-01-07 -0.519439
2011-01-08 -0.555730
2011-01-10 1.965781
2011-01-12 1.393406
dtype: float64

X tedatetime X 4 sLfr_F A E —{~DatetimelndexH 1] :

In [43]: ts.index
Out[43]:
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DatetimeIndex([ '2011-01-02', '2011-01-05', '2011-01-07', '2011-01-08',
'2011-01-10', '2011-01-12'],
dtype="datetime64[ns]', freqg=None)

PR MhSeries—H, ANFR 51 {8 741 2 18] (SRS S 2 E 3his H X 5

In [44]: ts + ts[::2]

Out[44]:

2011-01-02 -0.409415
2011-01-05 NaN
2011-01-07 -1.038877
2011-01-08 NaN
2011-01-10 3.931561
2011-01-12 NaN

dtype: float64
ts[::2] 2 BERE AN I — .
pandasfINumPy[f]datetime64 i S5 L LLGNFD I 2 A7 fif I 1) 38K

In [45]: ts.index.dtype
Out[45]: dtype('<M8[ns]")

DatetimeIndex 1 [ %™ tr &= 1E /2 pandas[f) Timestamp X} % :
In [46]: stamp = ts.index[0]

In [47]: stamp
Out[47]: Timestamp('2011-01-02 00:00:00")

HEATRE, TimeStampr] LA H 24 AdatetimeXf R . tboh, Ein] IAFESTRE RS (AR
AIED » HATE A TSAAT I DX 4 UL R A A o R R oS LR AT PRAR AR -

Ry, . THEME
MR AR 2 2R T R I, B[R] 7 1 A H B ipandas. Series{R 14 :

In [48]: stamp = ts.index[2]

In [49]: ts[stamp]
Out[49]: -0.51943871505673811

A — MR AN —TT ARy H 75 3
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In [50]: ts['1/10/2011']
Out[50]: 1.9657805725027142

In [51]: ts['20110110']
Out[51]: 1.9657865725027142

XTI P, R A N B B R G AR K D)

In [52]: longer_ts = pd.Series(np.random.randn(1600),
ceeat index=pd.date_range('1/1/2000', periods=1000))

In [53]: longer_ts
Out[53]:

2000-01-01 0.092908
2000-01-02 0.281746
2000-01-03 0.769023
2000-01-04 1.246435
2000-01-05 1.007189
2000-01-06 -1.296221
2000-01-07 0.274992
2000-01-08 0.228913
2000-01-09 1.352917
2000-01-10 0.886429

2002-09-17 -0.139298
2002-09-18 -1.159926
2002-09-19 0.618965
2002-09-20 1.373890
2002-09-21 -0.983505
2002-09-22 0.930944
2002-09-23  -0.811676
2002-09-24 -1.830156
2002-09-25 -0.138730
2002-09-26 0.334088
Freq: D, Length: 1000, dtype: float64

In [54]: longer_ts['2001"']
Out[54]:

2001-01-01 1.599534
2001-01-02 0.474071
2001-01-03 0.151326
2001-01-04 -0.542173
2001-01-05 -0.475496
2001-01-06 0.106403
2001-01-07 -1.308228
2001-01-08 2.173185
2001-01-09 0.564561
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2001-01-10 -0.190481

2001-12-22 0.000369
2001-12-23 0.900885
2001-12-24 -0.454869
2001-12-25 -0.864547
2001-12-26 1.129120
2001-12-27 0.057874
2001-12-28 -0.433739
2001-12-29 0.092698
2001-12-30 -1.397820
2001-12-31 1.457823
Freq: D, Length: 365, dtype: float64

RH, PR 2001 BB BRAE, AR S IR 18] XAl 485 H B IRIFEZE AL

In [55]: longer_ts['2001-05']

Out[55]:

2001-05-01 -0.622547
2001-05-02 0.936289
2001-05-03 0.750018
2001-05-04 -0.056715
2001-05-05 2.300675
2001-05-06 0.569497
2001-05-07 1.489410
2001-05-08 1.264250
2001-05-09 -0.761837
2001-05-10 -0.331617
2001-05-22 0.503699
2001-05-23 -1.387874
2001-05-24 0.204851
2001-05-25 0.603705
2001-05-26 0.545680
2001-05-27 0.235477
2001-05-28 0.111835

2001-05-29 -1.251504
2001-05-30 -2.949343
2001-05-31 0.634634
Freq: D, Length: 31, dtype: float64

datetimeX Gt ] LL#EAT U] e

In [56]: ts[datetime(2011, 1, 7):]
out[56]:

2011-01-07 -0.519439

2011-01-08 -0.555730
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2011-01-10 1.965781
2011-01-12 1.393406
dtype: float64

HT KPR 73 I T8 P ) et AR A2 4% I ) e Ja HE e (4, AL AR R DU AN A2 A8 120 T P 81 o ) B (]
BT A (RIVEHE & D -

In [57]: ts

Out[57]:

2011-01-02 -0.204708
2011-01-05 0.478943
2011-01-07 -0.519439
2011-01-08 -0.555730
2011-01-10 1.965781
2011-01-12 1.393406
dtype: float64

In [58]: ts['1/6/2011':'1/11/2011"]
out[58]:

2011-01-07 -0.519439

2011-01-08 -0.555730

2011-01-10 1.965781

dtype: float64

BRZAT—FE, RATLME N TR HIA . datetimemi Timestamp. JER, XFEY]H BT AL 1) A& JE i [a)
AL, ERNumPyEL V) g B2 — R .

REWE, BHEGERER], XU T B s Rk 2 R a8 L
BEAh, A — AN SEA8 75 5 R T DL A B 2 [l Time Series::

In [59]: ts.truncate(after="1/9/2011")
Out[59]:

2011-01-02 -0.204708

2011-01-05 0.478943

2011-01-07 -0.519439

2011-01-08 -0.555730

dtype: float64

[IX Le4/E X DataFrameth A 2. i, *tDataFrame 47T % 5l
In [60]: dates = pd.date_range('1/1/2000', periods=100, freq="W-WED")

In [61]: long_df = pd.DataFrame(np.random.randn(100, 4),
e index=dates,

el columns=[ 'Colorado', 'Texas',
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50008 'New York', 'Ohio'])

In [62]: long_df.loc['5-2001"]
Out[62]:

Colorado Texas New York Ohio
2001-05-02 -0.006045 0.490094 -0.277186 -0.707213
2001-05-09 -0.560107 2.735527 ©.927335 1.513906
2001-05-16 0.538600 1.273768 ©0.667876 -0.969206
2001-05-23 1.676091 -0.817649 ©0.050188 1.951312
2001-05-30 3.260383 0.963301 1.201206 -1.852001

A R RG] AR 4
ARSI 5P, TR S AT U AE ) — AR, R — A T

In [63]: dates = pd.DatetimeIndex(['1/1/2000', '1/2/2000', '1/2/2000',
cellt '1/2/2000', '1/3/2000'])
In [64]: dup_ts = pd.Series(np.arange(5), index=dates)

In [65]: dup_ts
Out[65]:
2000-01-01
2000-01-02
2000-01-02
2000-01-02
2000-01-03
dtype: inte64

A W N R O

AR 5] is_uniqueE Ik, FATHEAT LARITE &2 A2 ME— 11

In [66]: dup_ts.index.is_unique
Out[66]: False

XX R FPABEAT RG], BEarAbr Bl BarAdvy, RAREE Prgin 6 e 2 R ER.

In [67]: dup_ts['1/3/2000'] # not duplicated
Out[67]: 4

In [68]: dup_ts['1/2/2000'] # duplicated
Oout[68]:

2000-01-02 1

2000-01-02 2

2000-01-02 3

dtype: int64
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BB RABEE N BAT AR ME— I [ Bk B s AT 3R S . — NI 2& A Hgroupby,  Jf4% Alevel=0:
In [69]: grouped = dup_ts.groupby(level=0)

In [70]: grouped.mean()
Out[79]:

2000-01-01 (%]
2000-01-02 2
2000-01-03 4

dtype: int64

In [71]: grouped.count()
Out[71]:

2000-01-01 1
2000-01-02 3
2000-01-03 1

dtype: int64

11.3 HEARVaEEl . AR DL T2 3]

pandas ) i AL I 18] P2 51— SRLOA S R AU, Bt U, EATBCA [ E R . X K
AR S, ZRTAER. B, B2 DI B 2 MR 3T 04, s H . &
H B854 GXPEBASTER P H 5l NBEED) o i85, pandast —BEEFRERT [A]
FPHUARER DA T BRI . A [ s A H IV B TR Biltn,  3RATT el DOk 2 RiTARA
I 8] P A e oy — A B EE A (D BIRSTal 81, R /1 fresample BT :

In [72]: ts

out[72]:

2011-01-02 -0.204708
2011-01-05 0.478943
2011-01-07 -0.519439
2011-01-08 -0.555730
2011-01-10 1.965781
2011-01-12 1.393406
dtype: float64

In [73]: resampler = ts.resample('D")

TR D RERIEL.
R (BECRAE) 22— DN HEBCRIER, MERL I TH 1 RET e (11601 o X
B, PR T URR U A5 AR B AR AN E R 15 A

A2 B H TG
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AR AT A B, (EARA] B 2405 Bpandas.date_range r] F TR #i 45 7€ FOAIR 2E 1%,
16 % K i) Datetimelndex:

In [74]: index = pd.date_range('2012-04-01"', '2012-06-01")

In [75]: index

Out[75]:

DatetimeIndex(['2012-04-01', '2012-04-02', '2012-04-03', '2012-04-04',
'2012-04-05', '2012-04-06', '2012-04-07', '2012-04-08',
'2012-04-09', '2012-04-10', '2012-04-11', '2012-04-12',
'2012-04-13', '2012-04-14', '2012-04-15', '2012-04-16',
'2012-04-17', '2012-04-18', '2012-04-19', '2012-04-20',
'2012-04-21', '2012-04-22', '2012-04-23', '2012-04-24',
'2012-04-25', '2012-04-26', '2012-04-27', '2012-04-28',
'2012-04-29', '2012-04-30', '2012-05-01', '2012-05-02°,
'2012-05-03', '2012-05-04', '2012-05-05', '2012-05-06',
'2012-05-07', '2012-05-08', '2012-05-09', '2012-05-10',
'2012-05-11", '2012-05-12', '2012-05-13', '2012-05-14',
'2012-05-15', '2012-05-16', '2012-05-17', '2012-05-18',
'2012-05-19', '2012-05-20', '2012-05-21', '2012-05-22',
'2012-05-23", '2012-05-24', '2012-05-25', '2012-05-26',
'2012-05-27', '2012-05-28', '2012-05-29', '2012-05-30°',
'2012-05-31", '2012-06-01'],

dtype="'datetime64[ns]', freq='D")

Kl

ERIEUL T, date_range e T SLAI 1A . I FUME A RAGER ol FLA, AARISAHEN
— e — B A R

In [76]: pd.date_range(start='2012-04-01", periods=20)

Out[76]:

DatetimeIndex(['2012-04-01', '2012-04-02', '2012-04-03', '2012-04-04',
'2012-04-05', '2012-04-06', '2012-04-07', '2012-04-08',
'2012-04-09', '2012-04-10', '2012-04-11', '2012-04-12',
'2012-04-13', '2012-04-14', '2012-04-15', '2012-04-16",
'2012-04-17', '2012-04-18', '2012-04-19', '2012-04-20'],

dtype='datetime64[ns]', freq='D")

In [77]: pd.date_range(end='2012-06-01"', periods=20)

Out[77]:

DatetimeIndex(['2012-05-13', '2012-05-14', '2012-05-15', '2012-05-16",
'2012-05-17', '2012-05-18', '2012-05-19', '2012-05-20°',
'2012-05-21"', '2012-05-22', '2012-05-23', '2012-05-24',
'2012-05-25"', '2012-05-26', '2012-05-27','2012-05-28",
'2012-05-29', '2012-05-30', '2012-05-31', '2012-06-01'],

dtype='datetime64[ns]', freq='D")
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I MR B X T BRI M™ AR . wltn, mRREEAR M aEARE PN T/EHH
B HZE G, aTLEAN"BM"$iZ (£ ~business end of month, F11-42ZE5%) , XFEm
Re S EpEA ERIGER T BRI fFEa R H -

In [78]: pd.date_range('2000-01-01', '2000-12-01', freq='BM')
Out[78]:
DatetimeIndex([ '2000-01-31', '2000-02-29', '2000-03-31', '2000-04-28',
'2000-05-31', '2000-06-30', '2000-07-31', '2000-08-31"',
'2000-09-29', '2000-10-31', '2000-11-30'],
dtype="datetime64[ns]', freq='BM")

RA1-4 TP E P AR (A58

GUEA RiEEER 15t AR

D Day S8RKA

B BusinessDay FIFHE

H Hour /8

TEmin Minute o

S Second g

LFms Milli SEY (BEFHz—%)

U Micro SN (MEEFHZ—)

M MonthEnd gFARBE—1B8KEH8

BM BusinessMonthEnd SHRME—I1{EH

MS MonthBegin g#R#—1B/HA

BMS BusinessMonthBegin S8 #—-1~L{EH

W-MON. W-TUE-- Week MIEEMEHNL (MON. TUE,
WED. THU, FRI, SAT. SUN) 7Fi§
HE, 58

WOM-TMON, WOM-2MON---  WeekOfMonth FESRE—. 8-, #=-HEM
BEHEMN. Him, WOM-3FRIFE
TEAEIEYA

Q-JAN, Q-FEB- QuarterEnd MFEERH (JAN. FEB,

MAR. APR. MAY. JUN. JUL.
AUG, SEP, OCT, NOV. DEC) ¥
NER, SFEERE—ANRE—
=lil=

BQ-JAN. BQ-FEB: BusinessQuarterEnd MWTLIEEBMHERNEE. §F
ERE—BMRE—11A
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Q5-JAN. QS-FEB-- QuarterBegin HTLSERMERNEE, §F
ERE—ANE—1TBHA

BQS-JAN. BQS-FEB-- BusinessQuarterBegin 7 T LIIEE B MERNERE, 5F
ERE—BRH®—11I8
A-JAN. A-FEB:- YearEnd HEIETR M (JAN. FEB. MAR.

APR. MAY. JUN., JUL, AUG. SEF,
OCT. NOV. DEC) HilE—18Rh

=
BA-JAN, BA-FEB:-: BusinessYearEnd SEEFTANNBRE—1T1EH
AS-JAN. AS-FEB-- YearBegin SFEERHHE—BFHA
BAS-JAN. BAS-FEB--: BusinessYearBegin S EIEERMHAE— T 1B

date_rangeBR i\ 23 OR B UGN 45 A (BB (M5 B (WA 1) -

In [79]: pd.date_range('2012-05-02 12:56:31"', periods=5)
out[79]:
DatetimeIndex(['2012-05-02 12:56:31"', '2012-05-03 12:56:31",
'2012-05-04 12:56:31', '2012-05-05 12:56:31",
'2012-05-06 12:56:31'],
dtype="datetime64[ns]', freq='D")

B, ARG H P E R E R, EREE 4 — gtk (normalize) #4-15 ii
[H8%. normalizei& T B n] s B iZ T g

In [80]: pd.date_range('2012-05-02 12:56:31', periods=5, normalize=True)
out[89]:
DatetimeIndex(['2012-05-02', '2012-05-03', '2012-05-04', '2012-05-05',
'2012-05-06"],
dtype="datetime64[ns]', freq='D")

PR AT H A%

pandas SR i — DN IERIAZER (base frequency) Fl—/NaREUZL R . FERIRE F LL—4
FRBENLFRR, M EREH, "HRRE/NE . TR RMER, &AM B 5w
28 (date offset) MIXT RS2 X, B, 2/ NSHHPIAE AT L Hourk kR :

In [81]: from pandas.tseries.offsets import Hour, Minute
In [82]: hour = Hour()

In [83]: hour
Out[83]: <Hour>
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FEN— BRI ] 58 S 2 1R 54K
In [84]: four_hours = Hour(4)

In [85]: four_hours
Out[85]: <4 * Hours>

R UL, TE R MR BERXAE A B, A T " H B AH R A T E ) A BT AT R SR A
FRA T L — A AT B A 4L

In [86]: pd.date_range('2000-01-01', '2000-01-03 23:59', freq='4h")

out[86]:

DatetimeIndex ([ '2000-01-01 00:00:00', '2000-01-01 04:00:00"',
'2000-01-01 08:00:00', '2000-01-01 12:00:00',
'2000-01-01 16:00:00', '2000-01-01 20:00:00',
'2000-01-02 00:00:00', '2000-01-02 04:00:00",
'2000-01-02 08:00:00', '2000-01-02 12:00:00',
'2000-01-02 16:00:00', '2000-01-02 20:00:00',
'2000-01-03 00:00:00', '2000-01-03 04:00:00",
'2000-01-03 08:00:00', '2000-01-03 12:00:00',
'2000-01-03 16:00:00', '2000-01-03 20:00:00'],

dtype="'datetime64[ns]', freq="4H")

KB 7> A% B X SR T PR HEAT I 2

In [87]: Hour(2) + Minute(39)
Out[87]: <150 * Minutes>

FIE, RUATDME AR AR (Q1"2h30min™) ,  IXFP 5 3 A LA i RO A BT S5 2 0k
Faw

In [88]: pd.date_range('2000-01-01', periods=10, freq='1h30min")

out[88]:

DatetimeIndex ([ '2000-01-01 00:00:00', '2000-01-01 01:30:00"',
'2000-01-01 03:00:00', '2000-01-01 04:30:00',
'2000-01-01 06:00:00', '2000-01-01 ©7:30:00',
'2000-01-01 09:00:00', '2000-01-01 10:30:00',
'2000-01-01 12:00:00', '2000-01-01 13:30:00'],

dtype='datetime64[ns]', freq='90T")

A B AR BT A A 1] S AN R A1 B . Bildn, "M CHIBH KD F"BM" (B B e — 1 TAE
H) stk TRAMRE, XTFadE, ©EFEHREAIREKR. HTFEAELFHIRAE, R
FRONAE S A% & (anchored offset) .

R11-45 1 7 pandas 1 AR A AT H 3 w42 5%
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ZEid: H AT DURAE SEbn 3 oR B E LSRR DU St ftpandas T 1) H 132 4, (H A
I AT HIVE

F11-4 1 [8] 7 F1 R R AT R

UES REEER HiAA

D Day =10 S

B BusinessDay #I1EH

H Hour &/t

T min Minute 459

5 Second =70

LEms Milli s3¥ (AE8FH2z—%)

U Micro sHE (MEaRsZ—8)

M MonthEnd SARGE—"TBHHE

BM BusinessMonthEnd SHBF®BE—111EB

MS MonthBegin SAE—1BRhE

BMS BusinessMonthBegin S8 #—L{EB

W-MON., W-TUE--- Week MIEEHNEHL (MON. TUE.
WED, THU, FRI, SAT, SUN) 7
HE, 28

WOM-1TMON, WOM-2ZMON-*  WeekOfMonth FESRE—, B- Z=mEM@
BAMEMN. @0, WOM-3FRIE
TEHER¥ITERA

Q-JAN. Q-FEB- QuarterEnd HMFLIEERH (JAN, FEB,

MAR. APR. MAY. JUN. JUL.
AUG. SEP. OCT. NOV, DEC) #X
WER, SERRE—RANRE—
=1

BQ-JAM. BQ-FEB-- BusinessQuarterEnd M TRIIEEEMEENEE, §F
ERE—RNRE—1TI1E8
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QS5-JAN. Q5-FEB--
BQS-JAN. BQS-FEB--

A-JAN, A-FEB--

BA-JAM. BA-FEB--
AS-JAM. AS-FEB--
BAS-JAN. BAS-FEB--

WOM H A

QuarterBegin

HFLUIEERMERNEE, §F
ERiE—-AN%E—1B5A

BusinessQuarterBegin W TLIIEE B MEBXNEE, §F

YearEnd

BusinessYearEnd

YearBegin

BusinessYearBegin

ERE—ANSE—1TI%R

HEIEER# (JAN, FEB. MAR.
APR. MAY. JUN. JUL. AUG. SEP.
OCT. NOV. DEC) HIE—18Hh
=]

FFiEERrnRE—1TIEH
SEEEAMNE—1TBHE
SEHEEARNE—IEB

WOM (Week Of Month) f&—FiEH SLHH MRS, ELWOMITF k. EMERREIR A1 Qi“hE H 453

BT Z 2R H -

In [89]: rng = pd.date_range('2012-01-01",

In [90]: list(rng)
Out[90]:

[Timestamp(
Timestamp(
Timestamp(
Timestamp(
Timestamp(
Timestamp(
Timestamp(

Timestamp(

'2012-01-20
'2012-02-17
'2012-03-16
'2012-04-20
'2012-05-18
'2012-06-15
'2012-07-20
'2012-08-17

00:
00:
00:
00:
00:
00:
00:
00:

00:
00:
00:
00:
00:
00:
00:
00:

00"
00’
00"
00"
00’
00"
00"
00’

freg="
freq="
freq="
freg="
freq="
freq="
freg="
freq="

¥l GEATA S A

T3 (shifting) 5 f9 LIS 5 ) 16 S5 B BT RS B 75«
AT LT BUR B, 525 A

WOM-3FRI"
WOM-3FRI"
WOM-3FRI"
WOM-3FRI"
WOM-3FRT"
WOM-3FRI"
WOM-3FRI"
WOM-3FRT"

In [91]: ts = pd.Series(np.random.randn(4),
index=pd.date_range('1/1/2000', periods=4, freq="M"))

.....

In [92]: ts
Out[92]:

2000-01-31
2000-02-29
2000-03-31

-0.066748
0.838639
-0.117388
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'2012-09-01', freq='WOM-3FRI")

)s
)s
)s
)s
)s
)s
)s
)]

SeriesflDataFrame##5 — shift /71 T



2000-04-30 -0.517795
Freq: M, dtype: floate4

In [93]: ts.shift(2)

Out[93]:
2000-01-31 NaN
2000-02-29 NaN

2000-03-31 -0.066748
2000-04-30 0.838639
Freq: M, dtype: floate4

In [94]: ts.shift(-2)
Out[94]:

2000-01-31 -0.117388
2000-02-29 -0.517795
2000-03-31 NaN
2000-04-30 NaN
Freq: M, dtype: floate4

APANTIXAEHEATRE BN, B A2 18] P 51 ) R 1 B 1 7 A SRR K

shifti i T+ — N R 75 82 AN E 51 (AnDataFramefJ%1) S 7 AR L . T DL FE
Rik:

ts / ts.shift(1) - 1

T RAMB A RAEA S EE R S], PrOrEdE S R . DIk, WA R, A] LUK HA%
Zhyshift DL S ST I 1R]EREAT R T AS A2 X B dfs BEAT 147 B AL H% -

In [95]: ts.shift(2, freg='M")
Out[95]:

2000-03-31 -0.066748
2000-04-30 0.838639
2000-05-31 -0.117388
2000-06-30 -0.517795

Freq: M, dtype: floate4

X ML DA P AR, T R A RE A SR M B 3E AT i A s AR T

In [96]: ts.shift(3, freq='D")
Out[96]:

2000-02-03 -0.066748
2000-03-03 0.838639
2000-04-03 -0.117388
2000-05-03 -0.517795

dtype: float64
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In [97]: ts.shift(1l, freq='90T")
Out[97]:

2000-01-31 01:30:00 -0.066748
2000-02-29 01:30:00 0.838639
2000-03-31 01:30:00 -0.117388
2000-04-30 01:30:00 -0.517795
Freq: M, dtype: floate4

A A2 E 0 H B AT A RS
pandas/f] H i {i#% & i 7] A 7 datetime B Timestamp it 42 I

In [98]: from pandas.tseries.offsets import Day, MonthEnd
In [99]: now = datetime(2011, 11, 17)

In [100]: now + 3 * Day()
Out[100]: Timestamp('2011-11-20 00:00:00"')

WM 24 s m e E (HLMonthEnd) 55— R B2 J5 H A m) BT VR 3h 2756 A Ze J00 1) T
*Aﬁ\Eﬂﬁﬂ:

In [101]: now + MonthEnd()
Out[101]: Timestamp('2011-11-30 00:00:00")

In [162]: now + MonthEnd(2)
Out[102]: Timestamp('2011-12-31 00:00:00")

i 4 5 A2 B roliforward Flrollback /73, w] B R MK H 3 6] 5T 2k 5 578 5
In [103]: offset = MonthEnd()

In [104]: offset.rollforward(now)
Out[104]: Timestamp('2011-11-30 00:00:00")

In [105]: offset.rollback(now)
Out[105]: Timestamp('2011-10-31 00:00:00")

H A2 i — DI i, R4S & groupby {# AT AN RS J5 ¥ -

In [106]: ts = pd.Series(np.random.randn(20),
0000608 index=pd.date_range('1/15/2000"', periods=20, freq="4d"'))

337



In [107]: ts

Out[167]:

2000-01-15 -0.116696
2000-01-19 2.389645
2000-01-23 -0.932454
2000-01-27 -0.229331
2000-01-31 -1.140330
2000-02-04 0.439920

2000-02-08 -0.823758
2000-02-12 -0.520930
2000-02-16 0.350282
2000-02-20 0.204395
2000-02-24 0.133445
2000-02-28 0.327905
2000-03-03 0.072153
2000-03-07 0.131678
2000-03-11 -1.297459
2000-03-15 0.997747
2000-03-19 0.870955
2000-03-23 -0.991253
2000-03-27 0.151699

2000-03-31 1.266151
Freq: 4D, dtype: float64

In [108]: ts.groupby(offset.rollforward).mean()
out[108]:

2000-01-31 -0.005833

2000-02-29 0.015894

2000-03-31 0.150209

dtype: float64

MR, R P S HLZ I B Jpi2 R (i Hiresample (11.6/NTRRES BEBEAT HEARA 41D -

In [109]: ts.resample('M').mean()
Out[109]:

2000-01-31 -0.005833

2000-02-29 0.015894

2000-03-31 0.150209

Freq: M, dtype: floate4

11.4 I [X AL B

A 1) 7 20 A 3 A b il NS JEAD & X I X A B . VR 22 AN #E B LAt e (UTC, B2
MM JE IR PRAERT ] (Greenwich Mean Time) 328 #, HETCOLEEFRbRME T ) SRACFER A7
blo WX 2 PAUTCIRE ZIE AR RN . flan, B4R, A29UTCIE4/N, e 4 a4 HAh
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I ] ) ELUTCHE5 /N

fEPythont, I X A5 2R H A =5 Fepytz, 'Ef£Pythonnl LA F Olson¥itis i (L4 1 5 X 45
B o NPy B R AR A, ORIl T A BUN R SRR A A, BANEAR R (B2
UTCHM &) CakEdZ RS T . MELEKG, DSTH AN [H H 19004 LK izt £
)!

fARpytzEREZE R, B . SiARINE, hTpandasty® [ pytzfIIhfg, KIt/RnA] LA
AHREIZHAPL, RELRR X ZFRRIAT . I XA AT LfEshellh & 2, tha] DU A &

In [110]: import pytz

In [111]: pytz.common_timezones[-5:]
Out[111]: ['US/Eastern', 'US/Hawaii', 'US/Mountain', 'US/Pacific', 'UTC']

Z M\ pytzH IREU XX 5, i pytz.timezone Rl 7 :
In [112]: tz = pytz.timezone('America/New York")

In [113]: tz
Out[113]: <DstTzInfo 'America/New_York' LMT-1 day, 19:04:00 STD>

pandasH KI5 VE L AT EA3E 2 I [X 44 AT DA 2 X L6 XS R .

I DX AR A A0 4

BIAEOLT, pandasHr (KA 7212 4l (naive) [FIFIX . FF N HIX AN [E 751 -
In [114]: rng = pd.date_range('3/9/2012 9:30', periods=6, freq='D")
In [115]: ts = pd.Series(np.random.randn(len(rng)), index=rng)

In [116]: ts

Out[116]:

2012-03-09 09:30:00 -0.202469
2012-03-10 ©09:30:00 0.050718
2012-03-11 09:30:00 0.639869
2012-03-12 09:30:00 0.597594
2012-03-13 09:30:00 -0.797246
2012-03-14 09:30:00 0.472879
Freq: D, dtype: float64

HZ 5| tz7- B ~None:

In [117]: print(ts.index.tz)
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None

A LA A XA A B H TG -

In [118]: pd.date_range('3/9/2012 9:30', periods=10, freq='D', tz='UTC")

Out[118]:

DatetimeIndex ([ '2012-03-09 09:30:00+00:00', '2012-03-10 09:30:00+00:00",
'2012-03-11 09:30:00+00:00', '2012-03-12 09:30:00+00:00",
'2012-03-13 09:30:00+00:00', '2012-03-14 09:30:00+00:00",
'2012-03-15 09:30:00+00:00', '2012-03-16 09:30:00+00:00",
'2012-03-17 09:30:00+00:00', '2012-03-18 09:30:00+00:00'],

dtype="'datetime64[ns, UTC]', freq='D")

MERAE R A AL ) e 42 il i tz_localize /5 1AL BE Y -

In [119]: ts

Out[119]:

2012-03-09 09:30:00 -0.202469
2012-03-10 09:30:00 0.050718
2012-03-11 09:30:00 0.639869
2012-03-12 09:30:00 0.597594
2012-03-13 09:30:00 -0.797246
2012-03-14 09:30:00 0.472879
Freq: D, dtype: floate4

In [120]: ts_utc = ts.tz_localize('UTC")

In [121]: ts_utc

Out[121]:

2012-03-09 09:30:00+00:00 -0.202469
2012-03-10 09:30:00+00:00 0.050718
2012-03-11 09:30:00+00:00 0.639869
2012-03-12 09:30:00+00:00 0.597594
2012-03-13 09:30:00+00:00 -0.797246
2012-03-14 09:30:00+00:00 0.472879
Freq: D, dtype: floate4

In [122]: ts_utc.index
Out[122]:
DatetimeIndex(['2012-03-09 09:30:00+00:00', '2012-03-10 ©9:30:00+00:00",
'2012-03-11 09:30:00+00:00', '2012-03-12 09:30:00+00:00",
'2012-03-13 09:30:00+00:00', '2012-03-14 09:30:00+00:00'],
dtype="datetime64[ns, UTC]', freq='D")

— ELINIA) FR 9 A A BN RS 2 I DX, AT B tz_convertf FLe e B3 I X 1
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In [123]: ts_utc.tz_convert('America/New_York")
Out[123]:

2012-03-09 04:30:00-05:00 -0.202469
2012-03-10 04:30:00-05:00 0.050718
2012-03-11 05:30:00-04:00 0.639869
2012-03-12 05:30:00-04:00 0.597594
2012-03-13 05:30:00-04:00 -0.797246
2012-03-14 05:30:00-04:00 0.472879

Freq: D, dtype: floate4

XTI A (A 51 CE R 15 AR X (I AR , JATAT DU AL RIEST,
SR G A N UT C IR AR 1] «

In [124]: ts_eastern = ts.tz_localize('America/New_York")

In [125]: ts_eastern.tz_convert('UTC")
Out[125]:

2012-03-09 14:30:00+00:00 -0.202469
2012-03-10 14:30:00+00:00 0.050718
2012-03-11 13:30:00+00:00 0.639869
2012-03-12 13:30:00+00:00 0.597594
2012-03-13 13:30:00+00:00 -0.797246
2012-03-14 13:30:00+00:00 0.472879
Freq: D, dtype: floate4

In [126]: ts_eastern.tz_convert('Europe/Berlin'")
Out[126]:

2012-03-09 15:30:00+01:00 -0.202469
2012-03-10 15:30:00+01:00 0.050718
2012-03-11 14:30:00+01:00 0.639869
2012-03-12 14:30:00+01:00 0.597594
2012-03-13 14:30:00+01:00 -0.797246
2012-03-14 14:30:00+01:00 0.472879

Freq: D, dtype: floaté64

tz_localize fitz_converttt &Datetimelndex[t S5 75 1%

In [127]: ts.index.tz_localize('Asia/Shanghai')
Out[127]:
DatetimeIndex(['2012-03-09 ©09:30:00+08:00', '2012-03-10 09:30:00+08:00",
'2012-03-11 09:30:00+08:00', '2012-03-12 09:30:00+08:00",
'2012-03-13 09:30:00+08:00', '2012-03-14 09:30:00+08:00'],
dtype='datetime64[ns, Asia/Shanghai]', freq='D")

VERE: 0 A AL A M AL 18 1 S oA 185 54 I R A S I 3 5 2 VR i BN A AE RIS 1)
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EEVERT X & iR B Timestamp Xt 42

BRI ] A0 A H WISE HE E AR %, ST Timestampt R A 46 R (naive) Atk A X &
WA (time zone-aware) , FM—"NEF X FE 421 75— AN X

In [128]: stamp = pd.Timestamp('2011-03-12 04:00")
In [129]: stamp_utc = stamp.tz_localize('utc')

In [130]: stamp_utc.tz_convert('America/New_York")
Out[130]: Timestamp('2011-03-11 23:00:00-0500', tz='America/New_York")

TEAE#E Timestamphy, 1480 PAE N —NFXAS S
In [131]: stamp_moscow = pd.Timestamp('2011-03-12 04:00', tz='Europe/Moscow")

In [132]: stamp_moscow
Out[132]: Timestamp('2011-03-12 04:00:00+0300', tz='Europe/Moscow')

i X & iR A Timestamp Xt R AE N HF AR AF 7 — PUTCHAIEE (HUNIXZ 6 (197041 H1H) Hild
INFPED o XAUTCIETERS X B3t #2 b A S R AR -

In [133]: stamp_utc.value
Out[133]: 1299902400000000000

In [134]: stamp_utc.tz_convert('America/New_York').value
Out[134]: 1299902400000000000

% il pandasiDateOffsettf G AT I (A S AIZ SIS, 2SR FE & A 3 50 A7 2 2 I 542
W XH, WATEIE TAEDSTHA Z AN [AIER. H56, KA RS FEAZRT 307 B

In [135]: from pandas.tseries.offsets import Hour
In [136]: stamp = pd.Timestamp('2012-03-12 01:30', tz='US/Eastern')

In [137]: stamp
Out[137]: Timestamp('2012-03-12 01:30:00-0400', tz='US/Eastern"')

In [138]: stamp + Hour()
Out[138]: Timestamp('2012-03-12 02:30:00-0400', tz='US/Eastern"')

RJA, RN HAHTI07
In [139]: stamp = pd.Timestamp('2012-11-04 00:30', tz='US/Eastern')
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In [140]:
Out[140]:

In [141]:
Out[141]:

stamp
Timestamp('2012-11-04 00:30:00-0400', tz='US/Eastern')

stamp + 2 * Hour()
Timestamp('2012-11-04 ©1:30:00-0500', tz='US/Eastern')

AR X 2Z 8] B iz 5

AR SR PIAS I &) 7 0 R DXANTR], FER EAT & I3 — N, &

(4 &

=<cn

Rz 2UTC. T AR L s

REAUTCAEGi R, Pr AR — MR AIE S, IF AT ER AR e e

In [142]: rng = pd.date_range('3/7/2012 9:30', periods=10, freq='B")

In [143]: ts = pd.Series(np.random.randn(len(rng)), index=rng)

In [144]:

out[144]:

2012-03-07
2012-03-08
2012-03-09
2012-03-12
2012-03-13
2012-03-14
2012-03-15
2012-03-16
2012-03-19
2012-03-20

ts

09:
09:
09:
09:
09:
09:
09:
09:
09:
09:

30:
30:
30:
30:
30:
30:
30:
30:
30:
30:

00
00
00
00
00
00
00
00
00
00

.522356
.546348
.733537

1.302736
0.022199
0.364287

-0.

Q.
=i,
-0.

Freq: B, dtype: floate4

In [145]:

In [146]:

tsl

ts2

In [147]: result

In [148]: result.index

Out[148]:

DatetimeIndex([ '2012-03-07 ©9:30:00+00:00",
'2012-03-09 09:30:00+00:00",
'2012-03-13 09:30:00+00:00",

11.5 i B L H A RE &

ts[:7].tz_localize('Europe/London")

tsi[2:].tz_convert('Europe/Moscow")

922839
312656
128497
333488

tsl + ts2

'2012-03-15 09:30:00+00:00'],

dtype='datetime64[ns, UTC]', freq='B")
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'2012-03-08 09:30:00+00:00",
'2012-03-12 09:30:00+00:00",
'2012-03-14 09:30:00+00:00",



] (period) FRoRHZERFE]XTA], Ui H . B B, HEESE. PeriodJSrkon i X f
Ha kM, HMiE B B — AT R e, BUR1-4P R

In [149]: p = pd.Period(2007, freq='A-DEC")

In [150]: p
Out[150]: Period('2007', 'A-DEC')

KH, XAPeriodhf RE R 152 M20074:1 11 H #2007 412 H 31 H Z [A) [ B BLif ] . I 75 xT
Periodx GUN - 8y 2 — > B E H AT A BRR S HAR BEAT CLFE A HOR -

In [151]: p + 5
Out[151]: Period('2012', 'A-DEC")

In [152]: p - 2
Out[152]: Period('2005', 'A-DEC')

R P~ Periodxt QA H R AT, WIEATT 0 22 5t AT T8 1 B 2

In [153]: pd.Period('2014', freq='A-DEC"') - p
out[153]: 7

period_range & ] FH 61 g A ) Fr B 1 )«
In [154]: rng = pd.period_range('2000-01-01', '2000-06-30', freq='M")

In [155]: rng
Out[155]: PeriodIndex(['2000-01', '2000-02', '2000-03', '2000-04', '2000-05', '20
00-06'], dtype='period[M]', freg='M")

PeriodIndexZ:fif7 | —4HPeriod, ‘&7 LATEAT A pandas$id &5 1) i HAE 22 51 «

In [156]: pd.Series(np.random.randn(6), index=rng)
Out[156]:

2000-01 -0.514551

2000-02 -0.559782

2000-03 -0.783408

2000-04 -1.797685

2000-05 -0.172670

2000-06 0.680215

Freq: M, dtype: floate64

WHRARE —NFR B EA, Rt nT PE H Periodindex2s:
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In [157]:
In [158]:
In [159]:

Out[159]:
='Q-DEC")

values = ['2001Q3', '2002Q2', '2003Q1']

index = pd.PeriodIndex(values, freq='Q-DEC")

index
PeriodIndex(['2001Q3', '2002Q2', '2003Q1'], dtype='period[Q-DEC]', freq

U0 P A0 B 5k

Period 1PeriodIndextf S # ] DLl f Hasfreq /7 ikl 4 sloml MR o BRBCERA A — A48 LI 11,
Ty B AR Oy MR SR B R — A H o %A 55 AR fa] B

In [160]:

In [161]:
Out[161]:

In [162]:
Out[162]:

In [163]:
Out[163]:

p = pd.Period('2007', freq="'A-DEC")

p
Period('2007', 'A-DEC')

p.asfreq('M', how="start")
Period('2007-01', 'M")

p.asfreq('M', how='end")
Period('2007-12', 'M")

PR7T LKt Period('2007",'A-DEC') & i — kI 73 9 22 A~ F BRI IS TR B P e s o 11100 it
T X AALM2A SR BEERE, A 7R AR A—F 1

In [164]:

In [165]:

Out[165]:

In [166]:
Out[166]:

In [167]:
out[167]:

p = pd.Period('2007', freq="A-JUN")

p
Period('2007', 'A-JUN')

p.asfreq('M', 'start')
Period('2006-67', 'M')

p.asfreq('M', 'end")
Period('2007-06', 'M')
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Period(2011-06, 'M’)

Stj:rt Eid
Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov Decl

Period('2011, 'A-DEC’)

TG AR ORI, B (superperiod) & HI I3 (subperiod) FTJ& 1A & k&
(. Blt, EA-JUNSTE S, H 4200748 H7Szhr 2 & T & #A“20084E” (1) :

In [168]: p = pd.Period('Aug-2007",

In [169]: p.asfreq('A-JUN")

Out[169]: Period('2008",

"A-

JUN')

)

s PeriodIndexEX TimeSeries (145 2 % 4 7 Tt /2 bt

In [170]: rng = pd.period_range('2006",

In [171]:

In [172]: ts

Out[172]:
2006 1.607
2007 0.200
2008 -0.834
2009 0.302
Freq: A-D

In [173]: ts.
Out[173]:

2006-01 1
2007-01 Q.
2008-01 0

2009-01 -0.

Freq:

M, dtype: float64

578
381
068
988

asfreq('M', how="start")

.607578

200381

.834068

302988

EC, dtype: float64

'2009', freq='A-DEC'")

ts = pd.Series(np.random.randn(len(rng)), index=rng)

R, MRAEE RIS — T, RO A R A R BA TR E R K R E — A
TAEH, FATATCME R B %, IR B A E 2 R R .

In [174]: ts.asfreq('B', how='end")
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Out[174]:

2006-12-29 1.607578
2007-12-31 0.200381
2008-12-31 -0.834068
2009-12-31 -0.302988
Freq: B, dtype: floate64

1% TSI R

FREMBIRA T SREIURPRE . F2FEMERR W L WHER S, 858
12 AT ARG —NHIHBTAEH . B — kU, 1191"2012Q4" IR ER AR =4
AFEE X . pandasSCRF12F AT REMIZ AR, RIQ-JANZ|Q-DEC:

In [175]: p = pd.Period('2012Q4", freq="Q-JAN")

In [176]: p

Out[176]: Period('2012Q4', 'Q-JAN")

VA A SR, 2012Q42 MM A EIMH CRHEFEBOYH RS SNE 17) o B11-2X] gk
177 i

In [177]: p.asfreq('D"', 'start')

Out[177]: Period('2011-11-01', 'D')

In [178]: p.asfreq('D"', 'end")

Out[178]: Period('2012-01-31', 'D')

Year 2012

M JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC
Q-DEC 2012Q1 201202 201203 201204
Q-SEP 2012Q2 201203 201204 2013Q1
Q-FEB 201204 2013Q1 2013Q2 201303 Q4

Hlitt, Period 2 [H]FARIZH AR R, Filln, BEERMOZZEREBIECE —A TAEH /P4 st e
B, ARAT DA RE:

In [179]: pd4pm = (p.asfreq('B', 'e') - 1).asfreq('T', 's') + 16 * 60
In [180]: p4pm
Out[180]: Period('2012-01-30 16:00', 'T')
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In [181]: pdpm.to_timestamp()
Out[181]: Timestamp('2012-01-30 16:00:00"')

period_rangen] H T4 = B AU VO . 2% B RV I ) SR I8 S R b T A2 — R
In [182]: rng = pd.period_range('2011Q3', '20120Q4', freq='Q-JAN")
In [183]: ts = pd.Series(np.arange(len(rng)), index=rng)

In [184]: ts
out[184]:
201103
201104
201201
201202
2012Q3
2012Q4 5

Freq: Q-JAN, dtype: int64

A W N PR O

In [185]: new_rng = (rng.asfreq('B', 'e"') - 1).asfreq('T', 's') + 16 * 60

In [186]: ts.index = new_rng.to_timestamp()

In [187]: ts
Out[187]:
2010-10-28 16:00:00
2011-01-28 16:00:00
2011-04-28 16:00:00
2011-07-28 16:00:00
2011-10-28 16:00:00
2012-01-30 16:00:00
dtype: inte64

vi ph W N RO

¥ Timestamp#4 45 NPeriod ( f H A i F2)
I fd FHto_periodJ7i%, W LUK I (8L %R 5| i1 Series fliDataFrame X} i 4 4y LA BH % 51«
In [188]: rng = pd.date_range('2000-01-01', periods=3, freq='M")
In [189]: ts = pd.Series(np.random.randn(3), index=rng)
In [190]: ts
out[190]:

2000-01-31 1.663261
2000-02-29 -0.996206
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2000-03-31 1.521760
Freq: M, dtype: floate4

In [191]: pts = ts.to_period()

In [192]: pts

Out[192]:

2000-01 1.663261
2000-02 -0.996206
2000-03 1.521760
Freq: M, dtype: floate4

T I R R AR E A (] D], R T45 5 R, — g A feJs T — . B
PeriodIndex 147 BRI\ 52 A IS TRIERHE T AR, A3t T AR SE AR 0l OB o 45 R b SR VRAFAE
AL R

In [193]: rng = pd.date_range('1/29/2000"', periods=6, freq='D")
In [194]: ts2 = pd.Series(np.random.randn(6), index=rng)

In [195]: ts2

Out[195]:

2000-01-29 0.244175

2000-01-30 0.423331

2000-01-31 -0.654040

2000-02-01 2.089154

2000-02-02 -0.060220

2000-02-03 -0.167933

Freq: D, dtype: float64

In [196]: ts2.to_period('M")
Out[196]:

2000-01 0.244175

2000-01 0.423331

2000-01 -0.654040

2000-02 2.089154

2000-02 -0.060220

2000-02 -0.167933

Freq: M, dtype: floate4

B [RI) [A) K, Fto_timestampRI 7]
In [197]: pts = ts2.to_period()
In [198]: pts

Out[198]:
2000-01-29  0.244175
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2000-01-30 0.423331
2000-01-31 -0.654040
2000-02-01 2.089154
2000-02-02 -0.060220
2000-02-03 -0.167933
Freq: D, dtype: floate4

In [199]: pts.to_timestamp(how="end")
Out[199]:

2000-01-29 0.244175

2000-01-30 0.423331

2000-01-31 -0.654040

2000-02-01 2.089154

2000-02-02 -0.060220

2000-02-03 -0.167933

Freq: D, dtype: floaté64

H 1 2H 6 2 Periodindex

18] S A4 1) KAt SR 3 R I TR (5 R AR TBAE 2 A H b i, (8T T XA 2 e B e B
AN AL A AE TAE AN R B 51 e

In [200]: data = pd.read_csv('examples/macrodata.csv')

In [201]: data.head(5)

out[201]:
year quarter realgdp realcons realinv realgovt realdpi cpi \

0 1959.0 1.0 2710.349 1707.4 286.898 470.045 1886.9 28.98
1 1959.0 2.0 2778.801 1733.7 310.859 481.301 1919.7 29.15
2 1959.0 3.0 2775.488 1751.8 289.226 491.260 1916.4 29.35
3 1959.0 4.0 2785.204 1753.7 299.356 484.052 1931.3 29.37
4 1960.0 1.0 2847.699 1770.5 331.722 462.199 1955.5 29.54

ml tbilrate unemp pop infl realint
0 139.7 2.82 5.8 177.146 0.00 0.00
1 141.7 3.08 5.1 177.830 2.34 0.74
2 140.5 3.82 5.3 178.657 2.74 1.09
3 140.0 4.33 5.6 179.386 0.27 4.06
4 139.6 3.50 5.2 180.007 2.31 1L, AlE)

In [202]: data.year
out[202]:

1958
1959.
1959.
1956
1960.
1960.

i A W N P O
® ®© © ©0 © o
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6 1960.0
7 1960.0
8 1961.0
O 1961.0
193 2007.90
194 2007.0
195 2007.0
196 2008.0
197 2008.0
198 2008.0
199 2008.0
200 2009.0
201 2009.0
202 2009.0

Name: year, Length: 203, dtype: float64

In [203]: data.quarter

out[203]:

0 1.0
1 2.0
2 3.0
3 4.0
4 1.0
5 2.0
6 BNO
7 4.0
8 1.0
9 2,6
193 2.0
194 BHO
195 4.0
196 1.0
197 2.0
198 3.0
199 4.0
200 1.0
201 2.0
202 3.0

Name: quarter, Length: 203, dtype: floate4

TR X e DA S — AN #e AL A Periodindex,  #iA] LUK B A1 I iDataFrame ) — 42 51 :

In [204]: index = pd.PeriodIndex(year=data.year, quarter=data.quarter,
el freq="Q-DEC")

In [205]: index
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Out[205]:
PeriodIndex(['1959Q1', '1959Q2', '1959Q3', '1959Q4', '1960Q1', '1960Q2',
'196003', '1960Q4', '19610Q1', '1961Q2',

'2007Q2', '2007Q3', '2007Q4', '2008Q1', '2008Q2', '200803',
'2008Q4', '200901', '2009Q2', '20090Q3'],
dtype="period[Q-DEC]', length=2063, freq='Q-DEC')

In [206]: data.index = index

In [207]: data.infl

Oout[207]:

1959Q1 0.00
1959Q2 2.34
1959Q3 2.74
1959Q4 0.27
1960Q1 2.31
1960Q2 0.14
1960Q3 2.70
1960Q4 1.21

196101 -0.40
1961Q2 1.47

.75

2007Q2 2
2007Q3  3.45
200704  6.38
2008Q1  2.82
200802  8.53
200803 -3.16

2008Q4 -8.79
2009Q1 0.94
2009Q2 3.37
2009Q3 3.56
Freq: Q-DEC, Name: infl, Length: 203, dtype: float64

11.6 HRAE SR e 4t

TR (resampling) FRIGRAFITIFFF S —MASEHE S — MR IR, H R
& SURBUERONMERAE (downsampling) |, TTHHHILATSR S 4 i SRR AR 0 TR
Cupsampling) « JF7 R4 TR FE AR AR BRI AK Kot B, F5W-WED (3 =)
e OIW-FRIBE TR BETE t FATHRR

pandasXi L H H —~resample 7%, RS FAE R TAEM 3 J1k%L. resamplefi — /24U
T-groupbyJAPI, ififHresampler] LA 2H 8, SRJE <M — ARG mEL:

In [208]: rng = pd.date_range('2000-01-01"', periods=100, freq='D")
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In [209]: ts = pd.Series(np.random.randn(len(rng)), index=rng)

In [210]: ts

Out[210]:

2000-01-01 0.631634
2000-01-02 -1.594313
2000-01-03 -1.519937
2000-01-04 1.108752
2000-01-05 1.255853
2000-01-06 -0.024330
2000-01-07 -2.047939
2000-01-08 -0.272657
2000-01-09 -1.692615
2000-01-10 1.423830

2000-03-31 -0.007852
2000-04-01 -1.638806
2000-04-02 1.401227
2000-04-03 1.758539
2000-04-04 0.628932
2000-04-05 -0.423776
2000-04-06 0.789740
2000-04-07 0.937568
2000-04-08 -2.253294
2000-04-09 -1.772919
Freq: D, Length: 100, dtype: float64

In [211]: ts.resample('M').mean()
Out[211]:

2000-01-31 -0.165893

2000-02-29 0.078606
2000-03-31 0.223811
2000-04-30 -0.063643

Freq: M, dtype: floate4d

In [212]: ts.resample('M', kind='period').mean()
Out[212]:

2000-01 -0.165893

2000-02 0.078606

2000-03 0.223811

2000-04 -0.063643

Freq: M, dtype: floate4

resamples& — N RIG m A 7%, AR T AR B AR R ORI R3] FRKEIE IS — R A0 7~ 41 5 B
F¥. RAM-BRAE B — Lk,

353



#11-5 resample 7% 1134k

ZH 1% A

freq RTEREAENFHFERD DeteOffset, FHIFN'M . ‘Smin'sl Second(15)

axis EXRFAH, BIAK axas=0

fill_method FERBIITIRE, LI fil'sofil. BUATEE

closed XA, FHEERNB—mEAs (BI8E) 69, right 5 left. R
AR right

label EREXESR, NS EBRSEESFE, nght Hleft (ATHNABFHL

m5T) . A0, 9:30 B 9:35 Z jEAYIX 5 41 $h=#FRic A 9:30 3K 9:35.
221A A4 right.

loffset ExiFEN e aRIrE, thin-1s/Second(-1) BT BB EHEEE 1
#

limit ErRIESEEETER, S ETNRAREE

kind E5EEAE (‘period’) ZHEEEL (‘tmestamp’) , BUAB SR [EF
Ll EEE S

convention LB E#HTE XS, BRI ASEE ASHEAIR BE (‘start'®’'end’) ;
AR end’

S5 KA

R B T 5 BN AR RS — 1R AR5 I I 18] P AL BRAE 55 45 85 AOBH AN 0 910 (8] 5 A 430
R, SRR AhE CRERICA S, Kol TR R P 2 B filn, %
P ) R CMEUBMY Bl 75 Bk 70 2 2 A 5 T I [ e o % I 1) B T T o
— M EEE AR T IR B B I TR B R AR A A RE AL AN IR TRI . #E i resample ) £&
PEREATRERAENS, 5 2B IR 2R 1 -

o FHIXIRIILE A .
o WTARIE SN EETIT, X IEFIT RS2 R

NI, BATRE — L1
In [ 1: rng = pd.date_range('2000-01-01', periods=12, freq='T")
In [ ]1: ts = pd.Series(np.arange(12), index=rng)

In [ 1: ts
out[ 1:
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2000-01-01 00:07:00
2000-01-01 00:08:00
2000-01-01 00:09:00 9
2000-01-01 00:10:00 10
2000-01-01 00:11:00 11
Freq: T, dtype: int64

(R R AR 2L SR U5 ORI L Sdfe R 15 2“5 70 B

In [216]: ts.resample('5min', closed="right").sum()
Out[216]:

1999-12-31 23:55:00 (%]

2000-01-01 00:00:00 15

2000-01-01 00:05:00 40

2000-01-01 00:10:00 11

Freq: 5T, dtype: inté4

P NIBR NG 2 A6 70 B B0 B g e 7t BRE LT, oAb At & i, [A100:00
#00:051 [X i) H52 05 00:05 . 1% Aclosed="left'sx 11X ] LL 234 5 65 -

In [217]: ts.resample('Smin', closed="right"').sum()
Out[217]:

1999-12-31 23:55:00 (%]

2000-01-01 00:00:00 15

2000-01-01 00:05:00 40

2000-01-01 00:10:00 11

Freq: 5T, dtype: inteé4

UOARFT L, B 2 IR 18] Py 510 5 B35 T e A7 120 57 A I TR BRZEAT B ic i) . 1% Alabel="right' RV o] i T 75
TS S 0 HHEAT BT :

In [218]: ts.resample('Smin', closed='right', label='right").sum()
Out[218]:

2000-01-01 00:00:00 (%]

2000-01-01 00:05:00 15

2000-01-01 00:10:00 40

2000-01-01 00:15:00 11

Freq: 5T, dtype: inte4

FI1-3UEHT 117 Bl Bt e B e 09 B0 B B i) AL PR 7
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closed="left' | 900 | 9:01 | 9:02 | 9:03 | 9:04 | 9:05 I

closed="right' | 9:00 [ 9:01 | 9:02 | 9:03 | 9:04 | 9:05 I
label="left’ label="right’

BJrs WRATREA XA R R S — 282, LA AT FR 025 — A0 DAAE B 5 W] % I ) B B e R
AR XA . A Tl offset i B — >4 £ ml H UM AL 2RI T SEELZAS H -

In [ 1: ts.resample('5min', closed='right’,
500008 label="right", loffset='-1s").sum()

In [ ]1: ts.resample('5min‘, closed='right’,
et label="right', loffset="-1s").sum()

UEAk, R DL I R 45 300 R Nshift 5 2ok SE Oz H K, XFEa AN 75 221 Eloffset 1.

OHLC &= X F+

SRV RS — R TAE R 5 R A 2, B S o UAME: 5 —AME (open, JF
) . BJE—ME (close, WEL) &AM C(high, &) PLER/AME (ow, HK) . fEA
how="ohIc'E[| F] 5 5] — & A X PUF B & I DataFrame.. AR, RE At
AR,

In [ ]: ts.resample('5Smin').ohlc()
Out[ 1:

open high 1low close

THRFE AN i {H
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FERHE WP R e e B R, AR ER G T BATRE — i — L2 8 A8 10

DataFrame:

In [221]: frame = pd.DataFrame(np.random.randn(2, 4),
5000608 index=pd.date_range('1/1/2000', periods=2,
500008 freq="W-WED"),
9000608 columns=[ 'Colorado', 'Texas', 'New York', 'Ohio'])

In [222]: frame
Out[222]:

Colorado Texas New York Ohio
2000-01-05 -0.896431 0.677263 0.036503 0.087102
2000-01-12 -0.046662 0.927238 0.482284 -0.867130

IR A BT RS, BHRAAE —ME, RS ISR, FATE Hasfreq/r ik s

Wi, At RE:
In [223]: df_daily = frame.resample('D").asfreq()

In [224]: df_daily

Out[224]:

Colorado Texas New York Ohio
2000-01-05 -0.896431 0.677263 0.036503 0.087102
2000-01-06 NaN NaN NaN NaN
2000-01-07 NaN NaN NaN NaN
2000-01-08 NaN NaN NaN NaN
2000-01-09 NaN NaN NaN NaN
2000-01-10 NaN NaN NaN NaN
2000-01-11 NaN NaN NaN NaN

2000-01-12 -0.046662 0.927238 0.482284 -0.867130

BB A/ AR P i T A R AR AR EE I =" resampling {38 78 A3 AR 7 2 ERfillnaflreindex ) —
JEch

In [225]: frame.resample('D").ffill()

Out[225]:

Colorado Texas New York Ohio
2000-01-05 -0.896431 0.677263 0.036503 0.087102
2000-01-06 -0.896431 0.677263 0.036503 0.087102
2000-01-07 -0.896431 0.677263 ©0.036503 0.087102
2000-01-08 -0.896431 0.677263 0.036503 0.087102
2000-01-09 -0.896431 0.677263 0.036503 0.087102
2000-01-10 -0.896431 0.677263 0.036503 0.087102
2000-01-11 -0.896431 0.677263 0.036503 0.087102
2000-01-12 -0.046662 ©0.927238 ©0.482284 -0.867130
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AR, 3% Rt AT DU SRR 4R 8 A 980 CH AR PR ) i AR O R RS T BE DD

In [226]: frame.resample('D").ffill(1limit=2)
Out[226]:

Colorado Texas New York Ohio
2000-01-05 -0.896431 0.677263 ©0.036503 0.087102
2000-01-06 -0.896431 0.677263 0.036503 0.087102
2000-01-07 -0.896431 0.677263 ©0.036503 0.087102

2000-01-08 NaN NaN NaN NaN
2000-01-09 NaN NaN NaN NaN
2000-01-10 NaN NaN NaN NaN
2000-01-11 NaN NaN NaN NaN

2000-01-12 -0.046662 0.927238 0.482284 -0.867130

VER B HIER 51 58 i b ZEERIH (1 H 5 -

In [227]: frame.resample('W-THU").ffill()
Out[227]:

Colorado Texas New York Ohio
2000-01-06 -0.896431 0.677263 0.036503 0.087102
2000-01-13 -0.046662 0.927238 0.482284 -0.867130

A T I AT R A
XD PO 91551 (4D 5B A7 R 5 DL 2

In [228]: frame = pd.DataFrame(np.random.randn(24, 4),
000008 index=pd.period_range('1-2000', '12-2001",
el freg="M"),
600008 columns=['Colorado', 'Texas', 'New York', 'Ohio'])

In [229]: frame[:5]
Out[229]:

Colorado Texas New York Ohio
2000-01 0.493841 -0.155434 1.397286 1.507055
2000-02 -1.179442 ©0.443171 1.395676 -0.529658
2000-03 0.787358 0.248845 0.743239 1.267746
2000-04 1.302395 -0.272154 -0.051532 -0.467740
2000-05 -1.040816 ©0.426419 ©0.312945 -1.115689

In [230]: annual_frame = frame.resample('A-DEC"').mean()
In [231]: annual_frame
out[231]:

Colorado Texas New York Ohio

2000 0.556703 0.016631 0.111873 -0.027445
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2001 0.046303 0.163344 0.251503 -0.157276

FERAEBEFEHORITT— 28, DR AR DA 200 R 5 7 3 A0 256 v 2% IXC ] FRy ik ity FH T 0L SR IRMEL,  mlt R asfreq
JiERE . conventionZ BRI\ N'start', ] 5 E N'end':

# Q-DEC: Quarterly, year ending in December
In [232]: annual_frame.resample( 'Q-DEC").ffill()

Out[232]:

Colorado Texas New York Ohio
2000Q1 0.556703 0.016631 ©0.111873 -0.027445
2000Q2 0.556703 0.016631 ©0.111873 -0.027445
2000Q3 ©0.556703 0.016631 ©0.111873 -0.027445
200004 0.556703 0.016631 ©0.111873 -0.027445
2001Q1 ©0.046303 0.163344 0.251503 -0.157276
2001Q2 0.046303 0.163344 0.251503 -0.157276
2001Q3 0.046303 0.163344 0.251503 -0.157276
200104 0.046303 0.163344 0.251503 -0.157276

In [233]: annual_frame.resample( 'Q-DEC', convention='end').ffill()
Out[233]:

Colorado Texas New York Ohio
2000Q4 ©0.556703 0.016631 ©0.111873 -0.027445

200101 ©0.556703 ©0.016631 0.111873 -0.027445
2001Q2 ©0.556703 0.016631 0.111873 -0.027445
2001Q3 0.556703 0.016631 0.111873 -0.027445
200104 0.046303 0.163344 0.251503 -0.157276

HT I SR KR I R XTRL, T BATRSRAE AT RER A (0 00 U 3 L5 A%

o TEFERFEH, HAFRMZ WA IFEIRL T H (subperiod) .
o TEFRAEH, HbrSiZRLAUE IR R #] (superperiod) .

BRI IR LR, R GIUR A . REEEMAR S, . FWERIER. g, hQ-
MARGE SCH ] X 8] R BE TR NA-MAR. A-JUN. A-SEP. A-DEC%:

In [234]: annual_frame.resample('Q-MAR").ffill()

out[234]:

Colorado Texas New York Ohio
2000Q4 ©0.556703 0.016631 0.111873 -0.027445
2001Q1 0.556703 0.016631 ©0.111873 -0.027445
2001Q2 0.556703 0.016631 ©0.111873 -0.027445
2001Q3 ©0.556703 0.016631 0.111873 -0.027445
2001Q4 0.046303 0.163344 0.251503 -0.157276
2002Q1 ©0.046303 0.163344 0.251503 -0.157276
2002Q2 0.046303 0.163344 0.251503 -0.157276
2002Q3 0.046303 0.163344 0.251503 -0.157276
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11.7 23 % 1 B4

FERBNE 1 (AT LA SR B A B SR & A i vt eR Bt — IR LTI 8] 7 51 ) B 4 A
o TR AT DL TR M A s R A . BB eI OuR2 3 B 1 R % (moving window
function) , AR T DAE KRS (WdsEBOinBesh ) o BRIEAB ST R 2 FF,
P s & 1 R A 2 B S HEER R AR

THURZ R, BATINE — LS R B8, 4 L HRAE D9 T AR H AR

In [235]: close_px_all = pd.read_csv('examples/stock px 2.csv',
5000608 parse_dates=True, index_col=0)

close _px_all[['AAPL', "MSFT', "XOM']]

In [236]: close px

In [237]: close_px = close_px.resample('B").ffill()

BAE G| Arollingiz H 7, B Sresamplefligroupby 4. W] LI7ETimeSeriesiiDataFrame L Jz—4
window (E/s#%, WE11-4) BiAE:

In [238]: close_px.AAPL.plot()
Out[238]: <matplotlib.axes._subplots.AxesSubplot at Ox7f2f2570cf98>

In [239]: close_px.AAPL.rolling(250).mean().plot()

400 -

300 A

200 A

100 -

2004 2005 2006 2007 2008 2009 2010 2011

#i£ 3 rolling(250)5groupby R %, EAZXTHBEAT 734, 1052 B — %250 K 70 4L 2 T
FX 5. SRJE, BATHAE ] 1SR A A B 250 K F23h & H .
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BAAELL T, rolling bR £ i 25 1 Jr A RO IENAME . 7T BB BOZAT A DR i 2R Hcdhs 1 i)
A S, AERSIR] PR AT AR Ak 1A 2 T I IS S B4l it e (ILIEI11-5)

In [241]: appl_std250 = close_px.AAPL.rolling(250, min_periods=10).std()

In [242]: appl_std250[5:12]

Out[242]:

2003-01-09 NaN
2003-01-10 NaN
2003-01-13 NaN
2003-01-14 NaN

2003-01-15 0.077496
2003-01-16 0.074760
2003-01-17 0.112368
Freq: B, Name: AAPL, dtype: float64

In [243]: appl_std250.plot()

40

35

30

25 A

20 A

15 A

10 +

2004 2005 2006 2007 2008 2009 2010 2011

EiEY EE I (expanding window mean) , 1] LU filexpanding i A~ J2rolling. “¥ &
F, MR ARG TG T O, BN O BH 2 E A KF 5. apple_std2508 8] 17 51 ()
IR X4 T s

In [244]: expanding_mean = appl_std250.expanding().mean()

XfDataFrameifi Hrolling_mean (VAL 5 2 KUK RED 2044 53 N H 2 A 1951 F CLE11-
6) :
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In [246]: close_px.rolling(6@).mean().plot(logy=True)

— AAPL
~— MSFT
— XOM
102 4
101 4
2004 2005 2006 2007 2008 2009 2010 2011

rolling B £ tH AT LAFE 32 — N8 5 [ 8 K/ R AME 7 ARF 8, A2 — 4. X RERT DA (AL EEA
R [E] 81 o 3% Be 55 £t 1] DAL i 2 resample. 40, FRATTAT BLiHEL20 K IR ZhIME, T
THiR:

In [247]: close_px.rolling('20D"').mean()

Out[247]:

AAPL MSFT XOM
2003-01-02 7.400000 21.110000 29.220000
2003-01-03 7.425000 21.125000 29.230000
2003-01-06 7.433333 21.256667 29.473333
2003-01-07 7.432500 21.425000 29.342500
2003-01-08 7.402000 21.402000 29.240000
2003-01-09 7.391667 21.490000 29.273333
2003-01-10 7.387143 21.558571 29.238571
2003-01-13 7.378750 21.633750 29.197500
2003-01-14 7.370000 21.717778 29.194444
2003-01-15 7.355000 21.757000 29.152000

2011-10-03 398.002143 25.890714 72.413571
2011-10-04 396.802143 25.807857 72.427143
2011-10-05 395.751429 25.729286 72.422857
2011-10-06 394.099286 25.673571 72.375714
2011-10-07 392.479333 25.712000 72.454667
2011-10-10 389.351429 25.602143 72.527857
2011-10-11 388.505000 25.674286 72.835000
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2011-10-12
2011-10-13
2011-10-14
[2292 rows

388.531429 25.810000 73.400714
388.826429 25.961429 73.905000
391.038000 26.048667 74.185333

X 3 columns]

B BN R £

57— A ) s RN 1 AR SO I ) i, 58 A3k R T (decay factor) & &,
DL 3 HT 0 U AR 30 A B R A . Rk R T 1 e O s IR 22, BB REA T 140 A8 Y B [ ]
(span) , ‘& nf AAE gl SREAHe s T 1R /NG T[] ) b (1) 6] SR A2 2 % 11 (simple moving
window) BR%L.

FER (=4 )1 S e U i VR L I PN & ¢ SRS o R i e Y2 A AP e A VARV

.

k& I rolling#lexpanding, pandasitfiewmiz B AF. T XA 5% b 13 R A\ B 30 H#2)

“FHHispan=

In [249]:

In [250]:

In [251]:

In [252]:
out[252]:

In [253]:
Out[253]:

In [254]:

SORJIREUMAL 1 (-7 -

aapl px = close_px.AAPL['2006"':"'2007"]

ma6d = aapl_px.rolling(30@, min_periods=20).mean()

ewma6o = aapl px.ewm(span=30).mean()

ma60.plot(style="k--", label='Simple MA")
<matplotlib.axes._subplots.AxesSubplot at 9x7f2f252161d0>

ewma6@.plot(style="k-"', label="EW MA")
<matplotlib.axes._subplots.AxesSubplot at 9x7f2f252161d6>

plt.legend()
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=== Simple MA

— 7|
s EW MA

160 A

140

120

100 A

80 ~

60
Jan Aﬁr JGI Okt Jén AEr J&I OEt
2006 2007

_ — =< N M2

LB R

Fregiitiz i (WK KRBT 2D FEAEPIANRFH EHAT . Filan, il &3 H
JBEEEX AN S FREL (CAnbRHEE /R50046 50 HIAHOC R BUEON IR . AT U], JRATTSe TSR Tk
DEBIR RN A PR A 2 2R A

In [256]: spx_px = close px_all[ 'SPX']

In [257]: spx_rets = spx_px.pct_change()

In [258]: returns = close_px.pct_change()

W HrollingZ J5, corrBE & B EIT 1A Espx_retsi&ahAH > 28k (45 H WIK11-8) .
In [259]: corr = returns.AAPL.rolling(125, min_periods=100).corr(spx_rets)

In [260]: corr.plot()
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0.8 1

0.7 1

0.6 1

0.5 1

0.4 1

0.3 1

0.2 1

2004 2005 2006 2007 2008 2009 2010 2011

R ARAR L — U5 2 WO 2R S AR v JRB00F B AH G R 5. BARGR'S — MES T —A
DataFrame At a Mg, HILEWE, H, HFEHE AN —ATimeSeriesfl—/-DataFrame,
rolling_corrigh 2= H 8l it 5 TimeSeries (A F1 il i&spx_rets) tjDataFrame 5 [IFHKC R 4. 45
N E11-9f 7 :

In [262]: corr = returns.rolling(125, min_periods=160).corr(spx_rets)

In [263]: corr.plot()
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— AAPL
— MSFT
— XOM

0.9 1
0.8 1
0.7 1
0.6 1
J

0.5 1

0.4 1

0.3 1

0.2 1

2004 2005 2006 2007 2008 2009 2010 2011

FI € SCRIR 2 B H R AR

rolling_apply B 35U R AERS FERS B B 1 L8 B S IO BUA R 8. ME— BRI 2R B s
MECH A B = AR s AME (BRI o beniid, 43R4 Hrolling(...).quantile(q) TH HAFE A 45
LB, A BEXHREA s s (I 25 %R . scipy.stats.percentileofscore B Bt fE ik 21X 4
it (4R E11-10) .

In [265]: from scipy.stats import percentileofscore
In [266]: score_at_2percent = lambda x: percentileofscore(x, 0.02)
In [267]: result = returns.AAPL.rolling(250).apply(score_at_2percent)

In [268]: result.plot()
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92.5

90.0 +

87.5 1

85.0 1

82.5

80.0

77.5 A

75.0

2004 2005 2006 2007 2008 2009 2010 2011

WIHERARE %235 SciPy, 7] LU Hcondampip %2k .

11.8 045

5 Py T 2T Ak ) SR AR L, I 8] P 57 K00 SRAN [ S R ) e R A e e TR

TR EAT, RATE 2> — L m g pandas 5 v A0 i {a] F1-4f 4 FH 2345 22 statsmodels Al
scikit-learn.
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HI T 0 739 O3 T AN R SR 2 (R 5 R A AINUmPY . pandas 5 1 & e (RS i BEE I 1) 1 K
J&, pandasfEth T b AP IhAE. A FEHEIR N > pandas ) 2L ) e

7 R E

e I?%EWM%m%ﬁ%i EemfRrEd e, fEmtERM N R. JE
RGBS 2% > TP S i T A

HaAH

KR —EE G EENASARER/NMESHHEL. EANCE50E T uniquefiivalue_counts,
BT NS IR BCGH AN R A, I i AR

In [10]: import numpy as np; import pandas as pd

In [11]: values = pd.Series(['apple', 'orange', 'apple’,
ceeat ‘apple’] * 2)

In [12]: values
out[12]:
apple
orange
apple
apple

orange

0

1

2

3

4 apple
5

6 apple
7

apple
dtype: object

In [13]: pd.unique(values)
Out[13]: array(['apple', 'orange'], dtype=object)

In [14]: pd.value_counts(values)

out[14]:
apple 6
orange 2

dtype: int64

WEHIEAG (B GE. SihitHEGLERAD #A R TREMRIEEEERIE, D TR
RUPAEAERI T TEBURG P, SR (¥ 753252 3 F i 46 25 AN R 1) 4 2% (Dimension
Table), K= Z IS A7 it 51 I 4ER B A0

In [15]: values = pd.Series([0, 1, @, 0] * 2)
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In [16]: dim = pd.Series(['apple’,

In [17]: values
out[17]:
0

N ool b WWN RO
®© ®© P ®©O © ®© B

dtype: int64

In [18]: dim

out[18]:
0 apple
1 orange

dtype: object

A] LU FHtake 77 VA A7 it J5 46 1 74+ 5 Series:

In [19]: dim.take(values)
out[19]:

apple
orange

apple

apple

apple

orange

apple

® ®© P ®© ®© ®© B o

apple
dtype: object

‘orange'])

XA BRI EN O 7 R i R . AFMER SN . T MBS . A
B, BAIE 2RI B % . om0 FER BB IR 73 S bt B ] SR IRk b o

I RIS AT AR HEAT 73 A ORI 6 e P RE

o —LUARXT i L AL AR ) TR A

o HATHITRK.

PR AT CAPE QRIF MBS AL TG DL T, X3 AT He

o MIA—HHIDE, AL CLAFLER 73 KNP B &

pandas 1] 72525

369



pandast — MBI KRR, FITIRAF A BB RIOREEER. B2l iSeries]
7

In [20]: fruits = ['apple', 'orange', 'apple', 'apple'] * 2
In [21]: N = len(fruits)
In [22]: df = pd.DataFrame({ ' fruit': fruits,

00008 'basket_id': np.arange(N),

50008 ‘count’: np.random.randint(3, 15, size=N),

60008 ‘'weight': np.random.uniform(0, 4, size=N)},

00003 columns=[ 'basket_id', 'fruit', 'count', 'weight'])
In [23]: df
out[23]:

basket_id fruit count weight
0 o  apple 5 3.858058
1 1 orange 8 2.612708
2 2 apple 4 2.995627
3 3 apple 7 2.614279
4 4 apple 12 2.990859
5 5 orange 8 3.845227
6 6 apple 0.033553
7 7 apple 4 0.425778

XH, dfffruit] @ — M PythonF i i R . RATATLLEE A e, e hn k.
In [24]: fruit_cat = df['fruit'].astype('category")

In [25]: fruit_cat

Out[25]:

0 apple
1 orange
2 apple
3 apple
4 apple
5 orange
6 apple
7 apple

Name: fruit, dtype: category
Categories (2, object): [apple, orange]

fruit_catffE A ENumPy#£4, Tfi/&—1~pandas.Categorical S :

In [26]: ¢ = fruit_cat.values
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In [27]: type(c)
Out[27]: pandas.core.categorical.Categorical

43250} %45 categories flicodes J& 17k :

In [28]: c.categories
Out[28]: Index(['apple', 'orange'], dtype='object')

In [29]: c.codes
Out[29]: array([o9, 1, @, 0, 0, 1, 0, 0], dtype=int8)

YR F Kt DataFrame I Sl 7 Bo e e 45 8, Fe 4y or 2k
In [30]: df['fruit'] = df['fruit'].astype('category")
In [31]: df.fruit
out[31]:

apple
orange
apple
apple

orange

(%)

1

2

3

4 apple
5

6 apple
7

apple

Name: fruit, dtype: category
Categories (2, object): [apple, orange]

YRIE AT AL Python /7 %1 H 261 i pandas.Categorical :
In [32]: my_categories = pd.Categorical(['foo', 'bar', 'baz', 'foo', 'bar'])
In [33]: my_categories
Out[33]:

[foo, bar, baz, foo, bar]
Categories (3, object): [bar, baz, foo]

WRR LN ETEIRAG T 228 9mi5, FRiE AT LAE F from_codestiti & :
In [34]: categories = ['foo', 'bar', 'baz']
In [35]: codes = [0, 1, 2, 0, 0, 1]

In [36]: my_cats_2 = pd.Categorical.from_codes(codes, categories)
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In [37]: my_cats_2
Out[37]:
[foo, bar, baz, foo, foo, bar]

Categories (3, object): [foo, bar, baz]

HEIRBEAFE, 2 HRANEIR MRy . BICE T N3 6y, categories%i4H
I 2 ANE 2418 H from_codesEi & MG 25, JR AT LAAR 8 70 28— = U -

In [38]: ordered_cat = pd.Categorical.from_codes(codes, categories,
ordered=True)

In [39]: ordered_cat

Out[39]:

[foo, bar, baz, foo, foo, bar]

Categories (3, object): [foo < bar < baz]

i Hi[foo < bar < baz]$& i ‘foo’fi; T-‘bar U HTH, LAILIEHE. To/7 040 2524 ) DLl idas_ordered
He

In [40]: my_cats_2.as_ordered()

out[40]:

[foo, bar, baz, foo, foo, bar]

Categories (3, object): [foo < bar < baz]

SRR, AUHOE AR, RERUER T TR 00T, 44T U@ R
RESSIE
Moy K475

SaRgmig A C(bbtn 77578 54l #tk, fdi fpandasftiCategoricalfg ££351l. H:tepandasify:,
tblingroupby R %, HiE S HHT K. IEH R BT LME A bR AL

KA LN E s, i FHpandas.qcutifl ok %, ‘& <R [Flpandas.Categorical, A1 i
i Fidpandas.cut, {HBARRE252 Wfr] TAER:

In [41]: np.random.seed(12345)
In [42]: draws = np.random.randn(1000)

In [43]: draws[:5]
Out[43]: array([-0.2047, ©0.4789, -0.5194, -0.5557, 1.9658])

TS EAR AT, I ETHE R
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In [44]: bins = pd.qcut(draws, 4)

In [45]: bins
Out[45]:
[(-0.684, -0.0101], (-0.0101, 0.63], (-0.684, -0.0101], (-0.684, -0.0101], (0.63,
3.928], ..., (-0.0101, 0.63], (-0.684, -0.0101], (-2.95, -0.684], (-0.0101, ©.63
1, (0.63, 3.928]]
Length: 1000
Categories (4, interval[float64]): [(-2.95, -0.684] < (-0.684, -0.0101] < (-9.010
1, 0.63] <
(0.63, 3.928]]

BREH, TUIRER DR S M AR L, AR T4 RIS . AT LU Flabels 23
qecut, SEILH K-

In [46]: bins = pd.qcut(draws, 4, labels=['Q1"', 'Q2', 'Q3"', '04'])

In [47]: bins

out[47]:

[Q2, 03, 02, Q2, Q4, ..., 03, Q2, Q1, Q3, 04]
Length: 1000

Categories (4, object): [Q1 < Q2 < Q3 < Q4]

In [48]: bins.codes[:10]
out[48]: array([1, 2, 1, 1, 3, 3, 2, 2, 3, 3], dtype=int8)

In_EARSE BT 70 70 RAVEL & s oL AR S, BRI AT PAs ] groupby S B — £ B 1 -
In [49]: bins = pd.Series(bins, name='quartile")
In [50]: results = (pd.Series(draws)
et .groupby(bins)
00008 .agg(['count', 'min', 'max'])

et .reset_index())

In [51]: results

Out[51]:

quartile count min max
(%] Q1 250 -2.949343 -0.685484
1 Q2 250 -0.683066 -0.010115
2 Q3 250 -0.010032 0.628894
3 Q4 250 0.634238 3.927528

BBV RAF T SRR T TC 2 RAE S, BAEHER
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In [52]: results['quartile']

Out[52]:
%) Q1
1 Q2
2 Q3
3 Q4

Name: quartile, dtype: category
Categories (4, object): [Q1l < Q2 < Q3 < Q4]

o 252 1k e

WNRARAAE— M Hi R EWHORE T, R LA Oy 0 SRl IR B = % . DataFrame5il i)
DREARINFRE DL . KB —HEEE—T/iuRSeries, M—LARK 7K.

In [53]: N = 10000000
In [54]: draws = pd.Series(np.random.randn(N))

In [55]: labels = pd.Series(['foo', 'bar', ‘'baz', 'qux'] * (N // 4))

BUE, SRR BN r K

In [56]: categories = labels.astype('category')

X, W AR BRRRE A I M AP I b 3 SR %

In [57]: labels.memory_usage()
Out[57]: 80000080

In [58]: categories.memory usage()
Out[58]: 10000272

FEH N Iy RAGEBATAR Y, (HIZ S — AL AR

In [59]: %time _ = labels.astype('category")
CPU times: user 450 ms, sys: 240 ms, total: 730 ms
Wall time: 726 ms

GroupBy it FH 7» REAE B R BB, DA IRJR (0 SHA A Y B b A 2, T AN 54+ o L

%

&

eVl
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B85y RBHRE 1) Series  — SRR 0 7772, 240l F-Series.stry fF 8 7. BB FRAE T 7R3
Mg H 7% . B TR Series:

In [60]: s = pd.Series(['a"', 'b', 'c', 'd'] * 2)
In [61]: cat_s = s.astype('category')
In [62]: cat_s

out[62]:
a

N oo b WN RO
Q N o v a n o

dtype: category
Categories (4, object): [a, b, c, d]

Fial i cati® PESR AL 7 RITIEMA L :

In [63]: cat_s.cat.codes
Out[63]:
(%]

N ool bW N RO
w N PO W NP

dtype: int8

In [64]: cat_s.cat.categories
Out[64]: Index(['a', 'b', 'c', 'd'], dtype='object')

(B TRA AT A B (RS BR A 358, R T b (DU, 304 17T A i set_categories 712
B EA:

In [65]: actual_categories = ['a"', 'b', 'c', 'd', 'e']

In [66]: cat_s2 = cat_s.cat.set_categories(actual_categories)

In [67]: cat_s2
Out[67]:
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N o vl bW N RO
Q N O v O N o w

dtype: category
Categories (5, object): [a, b, c, d, e]

EIRBUEE R B, B0 R AR AR, fln, WRA K, value_counts&or7y

In [68]: cat_s.value_counts()

Out[68]:
d 2
[« 2
b 2
a 2

dtype: int64

In [69]: cat_s2.value_counts()

Out[69]:
d 2
C 2
b 2
a 2
e (%]

dtype: int64

ERBAEES, HREFENTTE A E TR T HE . diE5E KDataFrameskSeriesZ J5
VFZor 2K e A4 M BLE S E . F-ATTAT LU Fremove_unused_categories /7 72 B3 1% & 21 1 75
25,

In [70]: cat_s3 = cat_s[cat_s.isin(['a"', 'b'])]

In [71]: cat_s3

Out[71]:
(%] a
1 b
4 a
5 b

dtype: category
Categories (4, object): [a, b, c, d]
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In [72]: cat_s3.cat.remove_unused_categories()
out[72]:

a
b
a
b

dtype: category

Categories (2, object): [a, b]

RA-1BIH 7wl 0 2R3

ik 87

add_categories EEFEND REEANFHN CRERN) 9%

as_ordered ENREF

as_unordered ENRLF

remove_categories BEroE, REEAHEZERAEN nul
remove_unused_categories | R ERA HIAELEE P RE

rename_categories REENFOERNBEFERD R | AR ESXVE
reorder_categories 5 rename_categories fR1%, BRUMUNTELER, F2EEF
set_categories RIEENFHTENBFERS X ; TRUAINSMERS £

NSRRI R U AR

LR G B 2E ] TR, 8 H SR 0 KA HON AR, BFkYone-hotitd. X4
fEAE—MAFZEAK S ) DataFrame; X631 615455 70 K1) 1s, HENO.

& T A1

In [73]: cat_s = pd.Series(['a"', 'b', 'c', 'd'] * 2, dtype='category')

HITH 57 242 3801d, pandas.get._dummies i a] U Hix AN 20 85035 N & AR & (1)

DataFrame:

In [74]: pd.get_dummies(cat_s)
Out[74]:
a b c d
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4 1 0 0 0
5 06 1 0 o
6 06 0 1 0o
7 06 0 0 1

12.2 GroupBy & 4% v

BTN E 105 C 4R E > T SeriesMlDataFrame(f)Groupby 1%, 64—t 7kt 2 1R A
i

o A A “ i £ GroupBy
105, AVESHEAE 2] Tapplyrik, AT, &6 75— Mransform 77k, ©5
apply R4, (EZ X 1 ek 20 — 2 PR -

o ER LIRS HIIRT bR E AR
o EHT LA AN AN N LSO [R] R B
o BRI

KBl BT

In [75]: df = pd.DataFrame({'key': ['a', 'b', 'c'] * 4,
00008 ‘value': np.arange(12.)})

In [76]: df
Out[76]:
key value
(%] a 0.0
1 b 1.0
2 C 2.0
3 a 3.0
4 b 4.0
5 C 5.0
6 a 6.0
7 b 7.0
8 C 8.0
9 a 9.0
10 b 10.0
11 C 11.0
BT 0 .

In [77]: g = df.groupby('key').value

In [78]: g.mean()
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out[78]:

key

a 4.5
b 5.5
C 6.5

Name: value, dtype: float64

B FRA 1R824 — AN Fdf'value R MR [l i) Series, (AR 5 # Az 0 4 (0T 3548 . FoAiTr] DA% 33
Bk %tlambda x: x.mean()iE47 5 4.

In [79]: g.transform(lambda x: x.mean())

out[79]:
0 4.5
1 5.5
2 55
3 4.5
4 5.5
5 55
6 4.5
7 5.5
8 6.5
9 4.5
10 5.5
11 6.5

Name: value, dtype: float64

T WERREREL AT CUEE— A7 75 #4544 1 JyGroupByflagg /i i

In [80]: g.transform('mean")

out[&9]:
(%] 4.5
1 5.5
2 6.5
3 4.5
4 5.5
5 505
6 4.5
7 5.5
8 5.5
9 4.5
10 5.5
11 6.5

Name: value, dtype: float64

SapplyZsfl, transform (¥ i 4 53 [FSeries, {HZ45 R i 55N K/ 264805, FRATA]
LA lambda bR HeRs A4S 73 41 3R LA2:
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In [81]: g.transform(lambda x: x * 2)

Out[81]:

(%] 0.0
1 2.0
2 4.0
B 6.0
4 8.0
5 10.0
6 12.0
7 14.0
8 16.0
9 18.0
10 20.0
11 22.0

Name: value, dtype: float64

PR ARG T, BATAT BTSSR B PP R4 -

In [82]: g.transform(lambda x: x.rank(ascending=False))
Out[82]:

SkDOO\IO’\U‘I-bUJNH@
R R RN NN W W W s B D
®© ©®© ©®© ®© ®O©O © ®© O 0 & O

11 .0

Name: value, dtype: float64

A H 7 SR A A 1 ) 932 A 4 e B

def normalize(x):

return (x - x.mean()) / x.std()

A1 HItransformaapply 7] PASEAF 547 1 25 5«

In [84]: g.transform(normalize)

out[84]:

(%] -1.161895
1 -1.161895
2 -1.161895
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3 -0.387298
4 -0.387298
5 -0.387298
6 0.387298
7 0.387298
8 0.387298
9 1.161895
1.161895
11 1.161895
Name: value, dtype: float64

In [85]: g.apply(normalize)
Out[85]:

-1.161895

-1.161895

-1.161895

-0.387298

-0.387298

-0.387298

0.387298

0.387298
0.387298
1.161895
1
1

O 00 N OO U1 B W N P O

.161895
.161895
Name: value, dtype: float64

WERREGEE, tlimeansisum, @¥ thapplysg i, thtitransformit, X oA 14T —4
FriE R fREr (unwrapped) 73 2H 44 -

In [86]: g.transform('mean')

Out[86]:

0 4.5
1 505
2 6.5
3 4.5
4 505
5 6.5
6 4.5
7 505
8 6.5
9 4.5
10 5.5
11 6.5

Name: value, dtype: float64

In [87]: normalized = (df['value'] - g.transform('mean')) / g.transform('std")
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In [88]: normalized
out[88]:

-1.161895
-1.161895
-1.161895
-0.387298
-0.387298
-0.387298
0.387298
0.387298
0.387298
1
1

O 00 N O U1 A W N P O

.161895
.161895
11 1.161895
Name: value, dtype: float64

=
(]

fR BRI R RS DT ARE, ERREMBRIELZ 2RI .

73 4L [ IR ) B R

XTI 1R P dE,  resample 7 ik IiH SC b e — N FE T AR (] 1 70 At . T T2 — >
x:

In [89]: N = 15
In [99]: times = pd.date_range('2017-05-20 00:00', freq='1min', periods=N)

In [91]: df = pd.DataFrame({ time': times,
ceeal ‘value': np.arange(N)})

In [92]: df
Out[92]:
time value
© 2017-05-20 00:00:00
1 2017-05-20 00:01:00
2 2017-05-20 00:02:00
3 2017-05-20 00:03:00
4 2017-05-20 00:04:00
5 2017-05-20 00:05:00
6 2017-05-20 00:06:00
7 2017-05-20 00:07:00
8 2017-05-20 00:08:00
9 2017-05-20 00:09:00
10 2017-05-20 00:10:00
11 2017-05-20 00:11:00
12 2017-05-20 00:12:00
13 2017-05-20 00:13:00

O 00 N OO U1 »h W N PR O

R R R R
w N RO
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14 2017-05-20 00:14:00 14

XH, AT R timefE ARG, AR JE EHRAE

In [93]: df.set_index('time"').resample( '5min').count()

Out[93]:

time

2017-05-20 00:00:
2017-05-20 00:05:
2017-05-20 00:10:

00
00
00

value

i DataFrame tl & 2N (E] 551, —ANES 70 A 8 R B BEAT Fic -

In [94]: df2 = pd.DataFrame({ 'time': times.repeat(3),

.....

In [95]: df2[:7]

Out[95]:
key

(%] a 2017-05-20
1 b 2017-05-20
2 C 2017-05-20
3 a 2017-05-20
4 b 2017-05-20
5 C 2017-05-20
6 a 2017-05-20

00:
00:
00:
00:
00:
00:
00:

"key': np.tile(['a', 'b', 'c'], N),
‘value': np.arange(N * 3.)})

time value

00:00 0.0
00:00 1.0
00:00 2.0
01:00 3.0
01:00 4.0
01:00 5.0
02:00 6.0

BN R key (BT AH R ERAE, FA1T5] Apandas. TimeGroupers 4 :

In [96]: time_key = pd.TimeGrouper('5min")

BAVR G e R ZE S, HkeyMitime_key/r 4, RIGHEE:

In [97]: resampled = (df2.set_index('time")

.....

In [98]: resampled

out[98]:

key time

.groupby ([ 'key"', time_key])
.sum())

value

a 2017-05-20 00:00:00 30.90
2017-05-20 00:05:00 105.0
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2017-05-20 00:10:00 180.
b 2017-05-20 00:00:00 35.
2017-05-20 00:05:00 110.
2017-05-20 00:10:00 185.
[« 2017-05-20 00:00:00 40.
2017-05-20 00:05:00 115.
2017-05-20 00:10:00 190.

®© ®© ®© ®© ®© © ©

In [99]: resampled.reset_index()
Out[99]:

key time value
2017-05-20 00:00:00 30.
2017-05-20 00:05:00 105.
2017-05-20 00:10:00 180.
2017-05-20 00:00:00 35.
2017-05-20 00:05:00 110.
2017-05-20 00:10:00 185.
2017-05-20 00:00:00 40.
2017-05-20 00:05:00 115.
2017-05-20 00:10:00 190.

00 N OO L1 A WN PP O
N N N O O O O O W
® ®© ®© ® ®© O O ®© O

15 H TimeGrouper 1 R fill & i 7] 21 2 Series 5 DataFrame [ % 5

12.3 BE gL F R

2B AT — RV, ARATRER DA 2 AN IR A B LSO R A 2. BT i
-

df = load_data()

df2 = df[df['col2'] < @]

df2['coll_demeaned'] = df2['coll'] - df2['coll'].mean()
result = df2.groupby( 'key').coll_demeaned.std()

BARX B A B, XA T AR T e vk, 1ok, DataFrame.assign ik &
—Adf[K] = VIER BB B 7. EA R IESOT R, TR B S Sa )
DataFrame. [AUt, FIHAEA) &M

# Usual non-functional way
df2 = df.copy()
df2['k'] = v

# Functional assign way
df2 = df.assign(k=v)

it 73 e AT BE 2> Ehassigntlt, 1H Eassign il BLJ5 8 3 R AT 5% X g -
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result = (df2.assign(coll_demeaned=df2.coll - df2.col2.mean())
.groupby('key")
.coll_demeaned.std())

HALFHAME S, XTI INRAT AT

il EE A RE I BE R, IRATRES 7 20 i X . FERT I 5, FAIARESE Hlload_data
Mgk, HIEEIRES RN Edf. N 7IX A, assignfllVF 2 M Epandas i £ ] DLFZITSEAL
RIS H, BRI AXT R (callable) o 4 1 AN &, & —Aarm sl 1) fr BL:

df = load_data()
df2 = df[df['col2'] < 9]

BALES A

df = (load_data()
[lambda x: x['col2'] < @])

XH, load_dataffi 45 REA WAL KN, b B [ R BE X — B REIE R T X4
AT LR SRS N — A g Rie K

result = (load_data()
[lambda x: x.col2 < 0]
.assign(coll_demeaned=lambda x: x.coll - x.coll.mean())
.groupby( 'key")
.coll_demeaned.std())

TR AR S X MR R IR C 8 2 T U 20 AT LA etk

AT

BIETTA

PR7T EAHIPython 4 B [¥ipandas ek 80N 7 i, AT Al il F 0 S sUom e e 2 T4k, HA2,
R EAE N H QAL BORSE =7 FERI . Xl 2 21875

& I R O -

f(df, argl=vl)
g(a, v2, arg3=v3)
h(b, argd=v4)

Nn o o
I

MBI, iR [FlSeriesEiDataFramex) % [ 54, kAT DL F pipetd HH S
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result = (df.pipe(f, argl=vl)
.pipe(g, v2, arg3=v3)
.pipe(h, argd=v4))
f(df)fdf.pipe(f)Z2 AN 1, (Hitpipeff 3 5E=0B I ER S .

pipeff] 1 — /A R 7 2 S A v T T S BB E. & — DB 7 47 11

g = df.groupby([ 'keyl', ‘'key2'])
df['coll’'] = df['coll'] - g.transform('mean")

BB 5, sy i, 55, REREXMEMX A, Tt k.

def group demean(df, by, cols):
result = df.copy()
g = df.groupby(by)
for ¢ in cols:
result[c] = df[c] - g[c].transform( 'mean")
return result

SRJE T LS

result = (df[df.coll < 9]
.pipe(group_demean, ['keyl', 'key2'], ['coll']))

12.4 45

AIEVFZITETUH —F, pandas{iREAWIFIRALAZE L . MR R EHIT —FF, XE
AT TR LA R R A A8 AR E M ThRE -

N TR X pandas AR, FEE BRI B 5 3R, IF BT A BB R AR IR SCR SR . FeAi Tk
B 1 A pandasfJF & TAF: Bikbug. QIEBIIRE. 583 0.
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A, FELNH T PythonB a0 M (K gmFE 3 mt . RSB 2 b TR R} 5% i A 0 S0 A 48 A
% AR KRS H], XARFRE ST EEX LT 6.

FFRABERL I T A2 FEECR TN A & o 2 Giit i) fn] DU a7 B 7y @ vk, B An a8 i e /s — 3 [l
1, HE R @R EE RN S 5. EIEMIE, PythonC &N 1 i FliX B84 M 5 1
EEZ—, FbEs s, TSR TFLZ T A,

Az, FomEi—pandasHfF s, EVRRAE T pandasEi s FiRE A AR S A FN PRS0 i), EATTA]
BeIR B Y. SRIG RS TRE AN EP N RAT @R T B, statsmodelsfliscikit-learn. X & &/4R
HAEHEE A, AN, 2RISR AT 2 B SRR H e 5 FPython
B RLE . GUitFIpLE 2 I 48 .

13.1 pandas 515 ALY 1) 4% [

I ¥ AR A 18 pandas #EAT Bl INBcRim ot AR5 DI B PR b AT i A . T Acp
R B RS 5 2T T AR AR LA & T AR IR A SR K £ b SR B B AL T B0l e o
M, REEHEEE T REAE A A Y. AR T ST I HUE 2R & M GroupBy LA A TAFIE LRE .

PFRAE TR T ABRVER, W REE A ] T HR R AR %

pandas-5 H & 4t Pl 2 FENumPY LR R 2R 1) . ¥ DataFrame’% 4 ANumPy %2, w] LA
1§ i .values & 14::

In [10]: import pandas as pd
In [11]: import numpy as np
In [12]: data = pd.DataFrame({
e 'xe': [1, 2, 3, 4, 5],
R 'x1': [0.01, -0.01, 0.25, -4.1, 0.],

0608 'v': [-1.5, ©., 3.6, 1.3, -2.1})

In [13]: data

Out[13]

X0 x1
(%] 1 0.1 -1.5
1 2 -0.01 0.0
2 3 0.25 3.6
3 4 -4.10 1.3
4 5 0.00 -2.0

In [14]: data.columns
Out[14]: Index(['x@', 'x1', 'y'], dtype='object")

In [15]: data.values
Out[15]:

array([[ 1. , ©.01, -1.5 ],
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2. , -0.e1, 0. 1,
3. , ©.25, 3.6 1,
4. , -4.1, 1.31,
5. , 0. , -2. 1D

— /e

L A DataFrame, 7] UiALi%—A " 4Endarray, A 5144
In [16]: df2 = pd.DataFrame(data.values, columns=['one', 'two', 'three'])

In [17]: df2
Out[17]:

one two three
1.0 0.01 -1.5
2.0 -0.01 0.0
3.0 0.25 3.6
4.0 -4.10 1.3
5.0 ©0.00 -2.0

A W NN PO

il B BRI S IR EE H values B PE. B0, AR EUERA. WREHERALE
(1, 45 B4 PythonXf % findarray:

In [18]: df3 = data.copy()
In [19]: df3['strings'] = ['a', 'b', 'c', 'd', 'e']

In [20]: df3
out[20]:
x0 x1 y strings

0.01 -1.5

-0.01 0.0

.25 3.6

-4.10 1.3

0.00 -2.0

A w N RO
ui A W N R
()

m a N o o

In [21]: df3.values
Out[21]:
array([[1, @.01, -1.5, 'a'],
[2, -0.01, 0.0, 'b'],
[3, ©.25, 3.6, 'c'],
[4, -4.1, 1.3, 'd'],
[5, .0, -2.0, 'e']], dtype=object)

X, fRATRE AR IS T AR . R Hloe, fHvaluesfEZ 5l

In [22]: model_cols = ['x@', 'x1']
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In [23]
Out[23]

array([[

: data.loc[:, model_cols].values

[

ui A W N

[
[
[

3

B

3

B

0.01],
-0.01],
0.25],
-4.1 1,

0. 11)

— L FE A S Frpandas, £ HBI5E R TAE: MDataFrame#4#:E|NumPy, B ) 2504 7 n g
it 7 i Series. HEHEM,

PRAT AP TREAT el e

5125, A1 2] T pandasftCategoricalZi ! fllpandas.get_dummiesifi %l . kst A —
M EEE A

In [24]: data['category'] = pd.Categorical(['a‘, 'b', "a', 'a', 'b'],

oo e

In [25]: data

Oout[25]
X0

A W N R O
ui A W N B

x1
0.01
0.01
0.25
4.10
0.00

(4]
.6
3
(4]

y category
.5 a
b
a
a
b

categories=['a"', 'b'])

WRIRAAE B Hecategory 5 N AR &, FRATATUAEIE AL &, MIBRcategoryFll, 2RJEHINEIZE

In [26]:

In [27]:

In [28]:

out[28]:

X0

A W N P O
ui A W N R

x1
0.01
0.01
0.25
4.10
0.00

® w o © U

data_with_dummies

data_with_dummies

y category_a

1
0
1
1
0

dummies = pd.get_dummies(data.category, prefix='category")

data.drop('category', axis=1).join(dummies)

category_b
(%]

1
(%]
(%]
1

M AR E GG IR 2 — Sl izl . SIRA R FIn, fHPatsy (F i3

A FTRESEfA R, BEANE D)

13.2 H{ Patsy ] 1 70 1 iR
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Patsy &PythonJ—AEE, i 56 107 A/ B A B HEIA G B8 OUH R MERAD |, 7R
2 H T RASG I mFEE S A XIBER B K.

Patsyi& & ffiiAstatsmodels I ZE PERE Y, DR bR & 07 T M B ERE T, R RENE . Patsyff)
AR MR ERF R, W FFR:

y ~ x0 + x1

a+b A Kra SoMMAEE, MM G iR, patsy.dmatrices & B — A7 FF
A (ATLLZDataFramesi8 4L v i), YERVERE R G B vH G -

In [29]: data = pd.DataFrame({
et 'xe': [1, 2, 3, 4, 5],
'x1': [0.01, -0.01, 0.25, -4.1, 0.],
ceet 'y': [-1.5, 0., 3.6, 1.3, -2.]})

In [30]: data

Oout[30]

X0 x1 y
© 1 @0.01 -1.5
1 2 -0.01 0.0
2 3 0.25 .6
3 4 -4.10 1.3
4 5 0.00 -2.0

In [31]: import patsy

In [32]: y, X = patsy.dmatrices('y ~ x0 + x1', data)

e

In [33]: vy
out[33]:
DesignMatrix with shape (5, 1)
y
—1'35
0.0
3.6
1o
-2.0
Terms:

'yv' (column ©)
In [34]: X

Out[34]:
DesignMatrix with shape (5, 3)
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Intercept x© x1

1 1 0.01
1 2 -0.01
1 3 0.25
1 4 -4.10
1 5 0.00

Terms:
"Intercept' (column 9)
'x0" (column 1)
'x1" (column 2)

X LePatsyft)DesignMatrix S5 /& NumPyffindarray, 5 45 Fitin o ¥ -

In [35]: np.asarray(y)
Out[35]:
array([[-1.5],

[e. 1,

[ 3.6],

[ 1.3],

[-2. 1D

In [36]: np.asarray(X)

Out[36]:

array([[ 1. , 1. , ©.01],
[1. , 2. , -0.01],
[1. , 3. , 0.25],
[1. , 4. , -4.11],
[1. , 5., e 1D

R AT i A Intercepti& Ml LR 1) . X AL LR PR (Eb o fe /D —3felml V) (I E. @sn +0 3
R AT DAAS 2 7Rintercept:

In [37]: patsy.dmatrices('y ~ x0 + x1 + @', data)[1]

out[37]:
DesignMatrix with shape (5, 2)
X0 x1
1 0.01
2 -0.01
3 0.25
4 -4.10
5 0.00
Terms:

'x0" (column 9)

'x1" (column 1)

Patsy X 4 A] L Bl #4532 5209% (e liinumpy.linalg.Istsq) o, ‘B #4758 A /> 3k [ 19 .
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In [38]: coef, resid, _, _ = np.linalg.lstsq(X, y)

R e IR B 7Edesign_info@ PErb, Rl AR AT LLEE B s & 23L& 28, DAk —A
Series, f#0:

In [39]: coef

Out[39]:

array([[ ©.3129],
[-0.0791],
[-0.2655]])

In [40]: coef = pd.Series(coef.squeeze(), index=X.design_info.column_names)

In [41]: coef

Out[41]:

Intercept 0.312910
X0 -0.079106
x1 -0.265464

dtype: float64

HiPatsy /~ =itk 47 B 7

PRAT LR PythonfUis S patsy 22 5045 & AEPPAG A TN, R S il R A8 3 PR S8 A £ 1 £
$

In [42]: y, X = patsy.dmatrices('y ~ x0 + np.log(np.abs(x1) + 1)', data)

In [43]: X

out[43]:

DesignMatrix with shape (5, 3)
Intercept x@ np.log(np.abs(x1) + 1)

1 1 0.00995
1 2 0.00995
1 3 0.22314
1 4 1.62924
1 5 0.00000

Terms:
"Intercept' (column 9)
'x0" (column 1)
'np.log(np.abs(x1) + 1)' (column 2)

LKA R AR AL CPIMEN0, T7Z81) Ml QREFIME) - Patsyf N E I
HORATIRFEI TAE
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In [44]: y, X = patsy.dmatrices('y ~ standardize(x®) + center(x1l)', data)

DesignMatrix with shape (5, 3)

In [45]: X
Out[45]:

Intercept

1

1

1

1

1

Terms:

standardize(x@) center(x1)

-1.41421 0.78
-0.70711 0.76
0.00000 1.02
0.70711 -3.33
1.41421 0.77

"Intercept' (column 9)

'standardize(x0)"' (column 1)

'center(x1)' (column 2)

VR —20, IRATRESLN SR B — SR, AR5 A — BRI 5 — DR R
REAE TR HOFR > BOR BT Bt . A PAT TP AIBR AL FEAE AT B 34T 00N EEA% /oo PR
WU P (L B 2= R o i 4R, X AR AR H 48t o

patsy.build_design_matrices & #r] LUEH R IGHE AR £ ARG B, SR HE, -

In [46]: new_data = pd.DataFrame({

.....

'x@': [6, 7, 8, 9],
'x1': [3.1, -0.5, 0, 2.3],
'y': [1, 2, 3, 4]})

In [47]: new_X = patsy.build_design_matrices([X.design_info], new_data)

In [48]: new_X

[DesignMatrix with shape (4, 3)

Out[48]:
Intercept
1
1
1
1
Terms:

standardize(x@) center(x1)
2.12132 3.87
2.82843 0.27
3.53553 0.77
4.24264 3.07

"Intercept' (column ©)

‘standardize(x0)"' (column 1)
"center(x1)"' (column 2)]

P oPatsy IS AR AR L, BRI B A RRR SR SR A ST, e 25 RS R pR AI0RE &

RESET S0/

In [49]: y, X = patsy.dmatrices('y ~ I(x@ + x1)', data)
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In [50]: X

Out[59]:

DesignMatrix with shape (5, 2)
Intercept I(x0 + x1)

1 1.01
1 1L.C%
1 3.25
1 -0.10
1 5.00

Terms:
"Intercept' (column 9)
'"I(x0 + x1)' (column 1)

Patsy[tpatsy.builtins i HiA 7 — L H & B ) B . I EHEL F 0.
IR — AR S, N THEAT

7 REHE I Patsy

FERE HE AT DA 2 A 05 s OB RO . e B UHEE L T AR YER, sdr gt iR —

¥,

HIREPatsy A A AR SE SR, ENSBOAEOV AR R, WRAHEEE, X1, #%
Lt

In [51]: data = pd.DataFrame({
50008 'keyl': ['a", 'a', 'b', 'b', 'a', 'b', 'a', 'b'],
et 'key2': [0, 1, ©, 1, ©, 1, 0, 0],
el ‘vi': [1, 2, 3, 4, 5, 6, 7, 8],
50008 'v2': [-1, @, 2.5, -0.5, 4.0, -1.2, 0.2, -1.7]

In [52]: y, X = patsy.dmatrices('v2 ~ keyl', data)

In [53]: X
Out[53]:
DesignMatrix with shape (8, 2)
Intercept keyl[T.b]
1 0

1
1
1
1
1
1
1

R ® R ® Rk R ®
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Terms:
"Intercept' (column ©)
‘keyl' (column 1)

ANARAR AR RS AR, RS SRAEL A BB 2 A5 AL e U AR R AR A

In [54]: y, X = patsy.dmatrices('v2 ~ keyl + @', data)

In [55]: X

Out[55]:

DesignMatrix with shape (8, 2)
keyl[a] keyl[b]

® P ®© P ®© ® B B
B ® B ®©O P B ®© 0O

Terms:
"keyl"' (columns 0:2)

FEFCHERR, B FI T AR S5 2

In [56]: y, X = patsy.dmatrices('v2 ~ C(key2)', data)

In [57]: X

Out[57]:

DesignMatrix with shape (8, 2)
Intercept C(key2)[T.1]

(%]

R R R R R R R R
® ® P ® PR ® B

Terms:
"Intercept' (column 9)
"C(key2)" (column 1)

MIRERM P Z K4, FHASZRER, Fatiikeyl:key2lE :NHZZE 7>, BT LA
FITEJ7 % (ANOVA) iRl o Hir v
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In [58]: data['key2'] = data['key2'].map({0: 'zero', 1: 'one'})

In [59]: data

Out[59]:

keyl key2 vl v2
(%] a zero 1 -1.0
1 a one 2 0.0
2 b zero 3 6D
3 b one 4 -0.5
4 a zero 5 4.0
5 b one 6 -1.2
6 a zero 7 0.2
7 b zero 8 -1.7

In [60]: y, X = patsy.dmatrices('v2 ~ keyl + key2', data)

In [61]: X

Out[61]:

DesignMatrix with shape (8, 3)
Intercept keyl[T.b] key2[T.zero]

1 0 1
1 0 Q
1 1 1
1 1 0
1 0 1
1 1 0
1 0 1
1 1 1

Terms:
"Intercept' (column ©)
‘keyl' (column 1)
‘key2' (column 2)

In [62]: y, X = patsy.dmatrices('v2 ~ keyl + key2 + keyl:key2', data)

In [63]: X

Out[63]:

DesignMatrix with shape (8, 4)
Intercept keyl[T.b] key2[T.zero]

keyl[T.b]:key2[T.zero]

1 0 1 0
1 (<] (%] (%]
1 1 1 1
1 1 0 Q
1 (%] 1 0
1 1 (%] (4]
1 0 1 0
1 1 1 1
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Terms:
"Intercept' (column ©)
"keyl' (column 1)
"key2' (column 2)
"keyl:key2' (column 3)

Patsy i it e AR I ETE, s VR E Ry 5. 152 2k 30 .

13.3 statsmodels /41

statsmodels ZPythoni#t ATl & Z Fh iR 347 Goi I A EHE IR = T AL 2 . Statsmodels
WEF LA MMGT Tk, (HEA Nk LS 5 S A,

statsmodels i & AR AT«

o ZRMERIA, T SCERIERERUAME N L AR
o ZRVEIRG RNV

o Ji% (ANOVA) Jit4rit

o IR IE] AR R R 25 2 TR AR

o JUIJEAN T

N, Tl LA statsmodels T2, ##Z Patsy /A 3\ flpandasDataFrame s % 4 ] i
itk Ju

fili T R A Y

statsmodels £ Rt AR RS, AFENIEA (HLind@ i/ =) B8 CbamiEAmAts />
IR 1.

statsmodels 2 ARG PIFANE ) F2 O JEFEH AL T A . eI LU AP L 5] A .

import statsmodels.api as sm

import statsmodels.formula.api as smf

N TR ENIAE T35, FRATTAN— LRIl A pl— A 2 A A

def dnorm(mean, variance, size=1):
if isinstance(size, int):
size = size,

return mean + np.sqrt(variance) * np.random.randn(*size)

# For reproducibility
np.random.seed(12345)

N = 100
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X = np.c_[dnorm(©, ©.4, size=N),
dnorm(©, 0.6, size=N),
dnorm(©, ©.2, size=N)]

eps = dnorm(9, 0.1, size=N)

beta = [0.1, 0.3, 0.5]

y = np.dot(X, beta) + eps

X, A VRSB AN 2 Hbeta. B, dnormm] ISR OES A Bl AR E R
BT 2. BUEA:

In [66]: X[:5]

Out[66]:

array([[-0.1295, -1.2128, ©.5042],
[ ©.3029, -0.4357, -0.2542],
[-0.3285, -0.0253, 0.1384],
[-0.3515, -0.7196, -0.2582],
[ 1.2433, -0.3738, -0.5226]])

In [67]: y[:5]
Out[67]: array([ ©.4279, -0.6735, -0.0909, -0.4895,-0.1289])

1% 2 miPatsy & 2K, L&A EIA — M EE . sm.add_constantp H0nT LA In— /N
1 B IRAT BB =

In [68]: X_model = sm.add_constant(X)

In [69]: X_model[:5]

out[69]:

array([[ 1 , -0.1295, -1.2128, 0.5042],
[ 1 , ©0.3029, -0.4357, -0.2542],
[ 1. , -0.3285, -0.0253, 0.1384],
[ 1 , -0.3515, -0.7196, -0.2582],
[ 1 , 1.2433, -0.3738, -0.5226]])

sm.OLSZEn] LUFLA — AN il e/ — 3 [ml 5 «

In [70]: model = sm.OLS(y, X)

AR it 7R B 7 — AN EAEERN &, B ST S B E N A

In [71]: results = model.fit()

In [72]: results.params
Out[72]: array([ ©.1783, ©0.223 , 0.501 ])
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Xk A Fsummary 7775 7] DAAT EDRE Y (1) PE A2 W 4 S

In [73]: print(results.summary())

OLS Regression Results

Dep. Variable:

Model:
Method:
Date:

Time:

No. Observations:

Df Residuals:
Df Model:

Covariance Type:

oLS

Least Squares
Mon, 25 Sep 2017
14:06:15

100

97

3

nonrobust

R-squared:
Adj.
F-statistic:

Prob (F-statistic):
Log-Likelihood:

R-squared:

24.42
7.44e-12
-34.305
74.61
82.42

Omnibus:

Prob(Omnibus):

Skew:
Kurtosis:
1.74

AIC:
BIC:

t P>|t]|
.364 0.001
.818 0.000
237 0.000
Durbin-Watson:

Jarque-Bera (JB):
Prob(JB):
Cond. No.

Warnings:

[1] Standard Errors assume that the covariance matrix of the errors is correctly

specified.

RIS HA B X, X255 . RIITA RTS8 E — > DataFrame

In [74]: data = pd.DataFrame(X, columns=['col@’,

In [75]: data['y'] =y

In [76]: data[:5]

Out[76]:
cole
0 -0.129468
1 0.302910
2 -0.328522
3 -0.351475
4 1.243269

coll

-1.212753
-0.435742
-0.025302
-0.719605
-0.373799

col2
0.504225
-0.254180
0.138351
-0.258215
-0.522629

'coll',

y

0.427863
-0.673480
-0.090878
-0.489494
-0.128941

399

'col2'])



BALE, FA1Md FH statsmodels 1) /A NAPIFIPatsy [ 2 745

In [77]: results = smf.ols('y ~ col® + coll + col2',
In [78]: results.params
out[78]:

Intercept 0.033559
cole 0.176149
coll 0.224826
col2 0.514808
dtype: float64

In [79]: results.tvalues
Out[79]:

Intercept 0.952188
colo 3.319754
coll 4.850730
col2 6.303971
dtype: float64

W 2% K statsmodels A2 &1 iz [7] Series

G, ATA T AL
7t — MEASN

In [89]: results.
out[80]:

0 -0.002327

1 -0.141904

2 0.041226

3 -0.323070

4 -0.100535
dtype: float64

statsmodels )£k M1 B 45 ik He

HE R

fadd_constant.

PRAT IR Al U AR

predict(data[:5])

i THIS TR R A1) e

statsmodels[] 5 — A

M, MZIuH B,
SRAGALL — LI (8] P 1) 208 -

1 [ 5 g G 75

init x = 4

e 5 (G SUNILIEE

FI43HT WA AL TR BT s
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data=data).fit()

LY, M DataFramelt 144 . 2448 FH 2

R -

\ H Flpandas

FerH, i&H



import random

values = [init_x, init_x]

N = 1000
bo = 0.8
bl = -0.4

noise = dnorm(©, 9.1, N)
for i in range(N):
new_x = values[-1] * b@ + values[-2] * bl + noise[i]

values.append(new_x)

EANBHEAARQR)SE K (BANER) , ZH20.8F1-0.4. LEARFEEEIS, VRATHEAS KNG 5 T
AN, TR AT PUR R 2 B e R A I A .

In [82]: MAXLAGS = 5
In [83]: model = sm.tsa.AR(values)

In [84]: results = model.fit(MAXLAGS)

LR AT SRR e B, HUCR RTINS B A A -

In [85]: results.params
Out[85]: array([-0.0062, ©.7845, -0.4085, -0.0136, ©0.015 , 0.0143])

B2 AT DL I iR 2 AR T A RNER, T LS i statsmodels U A 2 B

13.4 scikit-learn/| %3

scikit-learns&—> 2. @ ZFEAIPythonHLEs 7 > . B0 & 2 Fobr il M B AR B AL & 27
TR APl . Bl et B BB R AL T A . REEBR AT DU T 26, R
B TRA eSS .

L8827 53 J7 1 1 5 S A1 Fl scikit-learn FiTensorFlow i vscb A B £ ERIARR VRS . A
H, R TE A Hscikit-learn AP X .

SEHEAE, scikit-learn)f %G Mpandasif E 4 &, HREFRE =T aEFkd. REW
I, pandasdF i iE A R R A AT AL R4

AT, B KaggleTi M2 Sl 4R, KT R SREFNAILR. KiTHpandashi
AT SR H i £

In [86]: train = pd.read_csv('datasets/titanic/train.csv")
In [87]: test = pd.read_csv('datasets/titanic/test.csv')
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In [88]: train[:4]

out[88]:

PassengerId Survived Pclass \
0 1 0 3
1 2 1 1
2 3 1 3
3 4 1 1

Name Sex Age SibSp \

(%] Braund, Mr. Owen Harris male 22.0 1
1 Cumings, Mrs. John Bradley (Florence Briggs Th... female 33.9 1
2 Heikkinen, Miss. Laina female 26.9 0
3 Futrelle, Mrs. Jacques Heath (Lily May Peel) female 35.9 1

Parch Ticket Fare Cabin Embarked
0 (%) A/5 21171 7.2500 NaN S
1 (%] PC 17599 71.2833 C85 C
2 © STON/02. 3101282 7.9250 NaN S
3 (%) 113803 53.1000 C(C123 S

statsmodelsFIscikit-learnil & AN GeF2 I R B, RIICIRAT 1 E A E 51 2 A6 & i R ME

In [89]: train.isnull().sum()
Out[89]:
PassengerId
Survived
Pclass

Name

® ®© © © ®

Sex
Age 177
SibSp
Parch
Ticket
Fare
Cabin 687
Embarked 2
dtype: inte64

(O]

In [90]: test.isnull().sum()
Out[99]:
PassengerId
Pclass

Name

® ®© © ©

Sex
Age 86
SibSp
Parch
Ticket
Fare

P ®© ©®© ©®
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Cabin 327
Embarked (%]
dtype: int64

FEGIH IR 22 ST BB 7o, ARER O T BORRE, — MR RS R B SR & e 75 2RI . BBUIILAE
gREE e L, 28 Ja FIREAR SN E 22 0P 0

A ERAF O TINE, EREOEPRME. SRR ERTNERZ M, B AZ— R s
%, FUIZREE S i rh A B PSR I S

In [91]: impute_value = train['Age’].median()

In [92]: train['Age'] = train['Age'].fillna(impute_value)

In [93]: test['Age'] = test['Age'].fillna(impute_value)

DRI EZ AR E R . I 7 — 1 FlIsFemale, 1175"Sex” 41 (1 4ifid:
In [94]: train['IsFemale'] = (train['Sex'] == 'female').astype(int)

In [95]: test['IsFemale'] = (test['Sex'] == 'female').astype(int)

SRIG, FATHE — e, I NumPy %4l
In [96]: predictors = ['Pclass', 'IsFemale', 'Age']
In [97]: X_train = train[predictors].values
In [98]: X_test = test[predictors].values
In [99]: y_train = train['Survived'].values

In [100]: X_train[:5]

Out[10@]:

array([[ 3., 0., 22.],
[ 1., 1., 38.],
[ 3., 1., 26.],
[ 1., 1., 35.],
[ 3., ©., 35.11

In [101]: y_train[:5]
Out[101]: array([e, 1, 1, 1, 0])

PARIRUEIX & — N, (HE RRHIERST & . Fd1H scikit-learnf]LogisticRegression 4!,
O g — AR S 43«
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In [102]: from sklearn.linear_model import LogisticRegression

In [103]: model = LogisticRegression()

YstatsmodelsZSfl, FATRT LLABEAL itV 9%, A E 4G B ZREd -

In [104]: model.fit(X_train, y_train)

Out[104]:

LogisticRegression(C=1.0, class_weight=None, dual=False, fit_intercept=True,
intercept_scaling=1, max_iter=100, multi_class='ovr', n_jobs=1,
penalty="12", random_state=None, solver='liblinear', tol=0.0001,
verbose=0, warm_start=False)

AR, FATAT LA model.predict, XA H5 24T T -
In [105]: y_predict = model.predict(X_test)

In [106]: y_predict[:10]
Out[1e6]: array([e, ©, ©, 0, 1, 0, 1, 0, 1, @])

ANSRARA DA B SR R, ART ATH SR 3 B B R R

(y_true ==y predict).mean()

bR, BAIGEE A2 MM E R R, F2EE DR IS, ARk (s
MEGUE) AL SRAEATSHOR T, 8 I REE G . I R T DLBR e P A mOx B i 4
ek

A8 IR UE I I 73 BN ZRBE KA A ST . HE TR RS BEAS 2 (L3 oy 72D, w DAXASEAY
ST IR R . LR, dlogisticlal ), A N E A EGIE RIS, filhn,
logisticregressioncv 1] LA —AN 2 %45 1 PR 45 20T 5L 7Y (1) TF U4 Z B C IR R % -

In [1067]: from sklearn.linear_model import LogisticRegressionCV
In [108]: model_cv = LogisticRegressionCV(19)

In [109]: model cv.fit(X_train, y_train)

Out[109]:

LogisticRegressionCV(Cs=10, class_weight=None, cv=None, dual=False,
fit_intercept=True, intercept_scaling=1.0, max_iter=100,
multi_class='ovr', n_jobs=1, penalty='12', random_state=None,

refit=True, scoring=None, solver='lbfgs', tol=0.0001, verbose=0)
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BEFEHATE XIAE, IRA] LA Fcross_val_score?fi B et %, ‘& n] AALEREHE -8 Hln, 25
SCIGUEIRAT A YA S I FREE AR, AT U AR

In [110]: from sklearn.model_selection import cross_val_score
In [111]: model = LogisticRegression(C=10)
In [112]: scores = cross_val_score(model, X_train, y_train, cv=4)

In [113]: scores
Out[113]: array([ ©.7723, ©.8027, ©0.7703, ©0.7883])

BONPE D SRR BOR TRRA By, (B W AT E — P I A2 XIS IR AR 75 2 A I [ 2R
gk, (Haf E e ERE .

13.5 4k 25>

BN H T —LePython @A E R TN, BIEA ORI Z FHESEH TS Fhgeit- ApL s 22>,
'EAI 1R 2 I PythonEkPython [ J A I S2 LAY

AR E AR, ARERBEEEEMBEERE TRK . KPR rA:

e Andreas Mueller and Sarah Guido (O'Reilly)#] {Introduction to Machine Learning with
Python)

e Jake VanderPlas (O'Reilly)[?] {Python Data Science Handbook)

e Joel Grus (O'Reilly) ) (Data Science from Scratch: First Principles)

e Sebastian Raschka (Packt Publishing) [/ {(Python Machine Learning)

e Aurélien Géron (O'Reilly) [#] {Hands-On Machine Learning with Scikit-Learn and
TensorFlow)

BRI IR, (ERREE RE TR AT AR, BRI el 2 AW RS &g
THRIHLAER 2 STHEZR I SO, = 3] Sl [ Th BEATAPIL,
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AP R —5F, BARE SRR SR L. o T Edad, RIS HZihAms
%, WEIREEE TR A B XN E . RosfnEEl TR e, Bamrm. AEad 17—
BER R AR RO ER 4, ATBLRIRZR]

ZH AR UAEGithub B EF ], AR — .

14.1 >k H Bitly fJUSA.gov# #&

20114F, URLZE% AR %5 Bitly 2R 55 [EBURF 5 USA.gov &1, $45E T — 0 AR B goval. mil i &% #2 (1)
PR SR 2 A . 7E20114E, BRSEIEE 2 4h, 87T BN EOCA ST I 3R BN R
M. SRR (20174F) , XIS CAKH], HIRNRE— Bl T AR 2.

DLAE /N BB A, e &AT A% R JSON  (HilJavaScript Object Notation, X /& —Ffi FH 1
WebE %0 o B, @R BATREBIEAN SR RIS —17, IEAFTE RIS RPN %2 T X
¥

In [5]: path = 'datasets/bitly usagov/example.txt'

In [6]: open(path).readline()

out[6]: '{ "a": "Mozilla\\/5.0 (Windows NT 6.1; WOW64) AppleWebKit\\/535.11
(KHTML, like Gecko) Chrome\\/17.0.963.78 Safari\\/535.11", "c": "US", "nk": 1,
"tz": "America\\/New_York", "gr": "MA", "g": "A6qOVH", "h": "wfLQtf", "1":
"orofrog", "al": "en-US,en;q=0.8", "hh": "l.usa.gov", "r":
"http:\\/\\/www.facebook.com\\/1\\/7AQEFzjSi\\/1.usa.gov\\/wfLQtf", "u":
"http:\\/\\/www.ncbi.nlm.nih.gov\\/pubmed\\/22415991", "t": 1331923247, "hc":
1331822918, "cy": "Danvers", "11": [ 42.576698, -70.954903 ] }\n'

Pythonfg W & 8528 = J7 B n] LUK JSON 747 Hf B 4 il Python 7 Bt 2 . I B, B Fljsontsidh
F Hloads s HUZAT IN# ©. 4 T Bl 1% S

import json
path = 'datasets/bitly_usagov/example.txt'

records = [json.loads(line) for line in open(path)]

WAL, recordsXf Gl iy —4HPython 4L 1 :

In [18]: records[@]
Out[18]:
{'a': 'Mozilla/5.0 (Windows NT 6.1; WOW64) AppleWebKit/535.11 (KHTML, like Gecko)
Chrome/17.0.963.78 Safari/535.11",
'al': 'en-US,en;q=0.8",

‘c': 'uUS',

‘cy': 'Danvers’,
'g': 'A6qOVH',
‘gr': 'MA',
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‘h': 'wfLQtf',
"hc': 1331822918,
'hh': 'l.usa.gov',

'‘1': 'orofrog',
'11': [42.576698, -70.954903],
'‘'nk': 1,

r': "http://www.facebook.com/1/7AQEFzjSi/1.usa.gov/wfLQtf",
't': 1331923247,

'tz': 'America/New_York',

u': ‘http://www.ncbi.nlm.nih.gov/pubmed/22415991"}

F 4liPython{ A% %t isf X E 47 1+ %k

B RAVEZRTE ZH IR P i MR X (Ritz7BO , REIERNINEAIRZ. B
g, BATHIZIRME T U — A X

In [12]: time_zones = [rec['tz'] for rec in records]

KeyError Traceback (most recent call last)
<ipython-input-12-db4fbd348da9> in <module>()

----> 1 time_zones = [rec['tz'] for rec in records]
<ipython-input-12-db4fbd348da9> in <listcomp>(.0)

----> 1 time_zones = [rec['tz'] for rec in records]

KeyError: 'tz'

w2 U FORIFA R IL ARG I X 7B XA r, HFRESIRME S 2RI E—ANf 'tZ'in recH]
T B AT

In [13]: time_zones = [rec['tz'] for rec in records if 'tz' in rec]

In [14]: time_zones[:10]

out[14]:

[ *America/New_York",
'America/Denver’',
'America/New_York',
'America/Sao_Paulo',
'America/New_York',
'America/New_York',

'"Europe/Warsaw',
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HREROMNIFIX, FATKIALRARFE (RIZERD o BT LR e g, (EIAE N 5 H
o IR, TR XTI, XRANAMDING: — DB CUEAIRHEPYthonE) 53
— AR (fiHlpandas) o THEIIINEZ — AR 1IN XA IR AR AU PR A AE T

def get_counts(sequence):
counts = {}
for x in sequence:
if x in counts:
counts[x] += 1
else:
counts[x] = 1
return counts

WS FH Pythonbr e 2 I B =i 2 TR, TR AT e 2 KA QRS 5 15 B8 faj vl — Lt
from collections import defaultdict

def get_counts2(sequence):
counts = defaultdict(int) # values will initialize to ©
for x in sequence:
counts[x] += 1
return counts

KPR B BRI 7RG E R . ER X XEEAT AL, R K time_zonesfé A
HIEIF

In [17]: counts = get_counts(time_zones)

In [18]: counts['America/New_York"]
Out[18]: 1251

In [19]: len(time_zones)
Out[19]: 3440

IR AEEAF B FT 1O I X S A BUE, AR B — 284 S 5 S R A B 5505

def top_counts(count_dict, n=10):
value key pairs = [(count, tz) for tz, count in count_dict.items()]
value_key pairs.sort()

return value_key_pairs[-n:]

HIEEEE

In [21]: top_counts(counts)
out[21]:
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[(33, 'America/Sao_Paulo'),
(35, 'Europe/Madrid'),
(36, 'Pacific/Honolulu'),

(37, 'Asia/Tokyo'),

(74, 'Europe/London'),

(191, 'America/Denver'),
(382, 'America/Los_Angeles'),
(400, 'America/Chicago'),
(521, '),

(1251, 'America/New_York')]

W AR Z Python bR UEE, ikfAE$k Fcollections.Counter3s, & A A I T 4F 5 faj 5.

In [22]: from collections import Counter
In [23]: counts = Counter(time_zones)

In [24]: counts.most_common(10)

out[24]:

[('America/New_York', 1251),
("', 521),
('America/Chicago', 400),
('America/Los_Angeles', 382),
('America/Denver', 191),
('Europe/London', 74),
('Asia/Tokyo', 37),
('Pacific/Honolulu', 36),
('Europe/Madrid', 35),
('America/Sao_Paulo', 33)]

Fipandas X i [X #1714
MIRIHIC K A Bl DateFrame, 5410 5 51| 344 1% | pandas. DataFrame — £ fiij 5.:
In [25]: import pandas as pd
In [26]: frame = pd.DataFrame(records)
In [27]: frame.info()
<class 'pandas.core.frame.DataFrame'>

RangeIndex: 3560 entries, © to 3559

Data columns (total 18 columns):

_heartbeat_ 120 non-null float64
a 3440 non-null object
al 3094 non-null object
C 2919 non-null object
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cy 2919 non-null object

g 3440 non-null object
gr 2919 non-null object
h 3440 non-null object
hc 3440 non-null float64
hh 3440 non-null object
kw 93 non-null object
1 3440 non-null object
11 2919 non-null object
nk 3440 non-null float64
3440 non-null object
t 3440 non-null float64
tz 3440 non-null object
u 3440 non-null object

dtypes: float64(4), object(14)
memory usage: 500.7+ KB

In [28]: frame['tz'][:10]
Out[28]:
America/New_York
America/Denver
America/New_York
America/Sao_Paulo
America/New_York
America/New_York

Europe/Warsaw

O 00 N O BT A W N PO

Name: tz, dtype: object

X B frameff H R UM EMAE (summary view) , FEEHF# KK DataFramexf %. ARG
A] LLX Seriesfi Hvalue_counts /5 i%:

In [29]: tz_counts = frame[ 'tz'].value_counts()

In [30]: tz_counts[:10]
Out[39]:
America/New_York

America/Chicago
America/Los_Angeles
America/Denver
Europe/London
Asia/Tokyo
Pacific/Honolulu
Europe/Madrid
America/Sao_Paulo
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Name: tz, dtype: int64

FATAT L F matplotlib W #EALIX AN Eed . Dtk FATTSE4 0 5% AR A 2k (e X E— B AR
{E. fillnapg Hr] LB BB R E (NAD , TIORAME (7 f7as) T DU AR R B EH R 510 L
i

In [31]: clean_tz = frame['tz'].fillna('Missing")
In [32]: clean_tz[clean_tz == ""'] = 'Unknown'
In [33]: tz_counts = clean_tz.value_counts()

In [34]: tz_counts[:10]

Out[34]:

America/New_York 1251
Unknown 521
America/Chicago 400
America/Los_Angeles 382
America/Denver 191
Missing 120
Europe/London 74
Asia/Tokyo 37
Pacific/Honolulu 36
Europe/Madrid 35

Name: tz, dtype: int64

B, FRATAT LA seaborn G AP ARR B (4558 WL EI14-1) -
In [36]: import seaborn as sns
In [37]: subset = tz_counts[:10]

In [38]: sns.barplot(y=subset.index, x=subset.values)

America/Chicago _
America/Los_Angeles _
America/Denver _
Missing [N
Europe/London -
Asia/Tokyo [
Pacific/Honolulu .
Europe/Madrid .
0 200 400 600 800 1000 1200
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aTBE APATURLIEZE BRAE M Sa a5« B MR OAHRAE B

In [39]: frame['a'][1]
Out[39]: 'GoogleMaps/RochesterNY'

In [40]: frame['a'][50]
Out[40]: 'Mozilla/5.0 (Windows NT 5.1; rv:10.0.2)

Gecko/20100101 Firefox/10.0.2'

In [41]: frame['a'][51][:50] # long line
Out[41]: 'Mozilla/5.0 (Linux; U; Android 2.2.2; en-us; LG-P9'

Rz Le"agent™ 545 B T 5 BASAR AT HH RO —PHBERR R T A o — R SRS AR I A 54 £R
B CHRERRRBTRD 70 B ORI 2 55 4 — 13 AT i 2

In [42]: results = pd.Series([x.split()[@] for x in frame.a.dropna()])

In [43]: results[:5]

out[43]:

% Mozilla/5.0
1 GoogleMaps/RochesterNY
2 Mozilla/4.0
3 Mozilla/5.0
4 Mozilla/5.0

dtype: object

In [44]: results.value counts()[:8]

Out[44]:

Mozilla/5.0 2594
Mozilla/4.0 601
GoogleMaps/RochesterNY 121
Opera/9.80 34
TEST_INTERNET_AGENT 24
GoogleProducer 21
Mozilla/6.0
BlackBerry8520/5.0.0.681 4

dtype: int64

e, RBEIRAETEWindows FlHEWindows i F it i X G i3 Bk AT . A T i L, AR
& A EHagent 7 5 H 5 A7 "Windows gl i H P Windows FH /. B 147 [Jagentdi 2k, FrbAHE
Sl e AT E A R

In [45]: cframe = frame[frame.a.notnull()]

RJE TR AAT R 5 & A Windows (1 {H -
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In [47]: cframe['os'] = np.where(cframe['a'].str.contains( 'Windows"),

00008 '"Windows', 'Not Windows"')

In [48]: cframe['os'][:5]

Out[48]:

0 Windows
1 Not Windows
2 Windows
3 Not Windows
4 Windows

Name: os, dtype: object

N R AT LIRS I DX AH 75 2 31 RS8R Hm B AT 704 T

In [49]: by_tz_os = cframe.groupby(['tz', 'os'])

L 25l Fvalue_countsefi %, I LAHIsizekit . FF FHunstackxd 144 Sk S 4.
In [50]: agg_counts = by _tz_os.size().unstack().fillna(®@)

In [51]: agg_counts[:10]

Out[51]:
os Not Windows Windows
tz

245.0 276.0
Africa/Cairo 0.0 3.0
Africa/Casablanca 0.0 1.0
Africa/Ceuta 0.0 2.0
Africa/Johannesburg 0.0 1.0
Africa/Lusaka 0.0 1.0
America/Anchorage 4.0 1.0
America/Argentina/Buenos_Aires 1.0 0.0
America/Argentina/Cordoba 0.0 1.0
America/Argentina/Mendoza 0.0 1.0

Befr, WAPRIEBEHF MO X Oy TIAFXAHE, JIRYEagg_counts T (AT iklyig 17—
Al 51 44 :

# Use to sort in ascending order

In [52]: indexer = agg counts.sum(1).argsort()

In [53]: indexer[:10]

Out[53]:
tz

24
Africa/Cairo 20
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Africa/Casablanca 21

Africa/Ceuta 92
Africa/Johannesburg 87
Africa/Lusaka 53
America/Anchorage 54
America/Argentina/Buenos_Aires 57
America/Argentina/Cordoba 26
America/Argentina/Mendoza 55

dtype: inte64

R i Pt i take 4 [ XA U AL T #1047 S K -

In [54]: count_subset = agg counts.take(indexer[-16:])

In [55]: count_subset

Out[55]:
os Not Windows Windows
tz
America/Sao_Paulo 13.0 20.0
Europe/Madrid 16.0 19.0
Pacific/Honolulu 0.0 36.0
Asia/Tokyo .0 35.0
Europe/London 43.0 31.0
America/Denver 132.0 59.0
America/Los_Angeles 130.0 252.0
America/Chicago 115.0 285.0
245.0 276.0
America/New_York 339.0 912.0

pandasfy —ME {77 i%nlargest, AT LA [FIFER) A

In [56]: agg_counts.sum(l).nlargest(10)

Out[56]:
tz
America/New_York 1251.0
521.0
America/Chicago 400.0
America/Los_Angeles 382.0
America/Denver 191.0
Europe/London 74.0
Asia/Tokyo 37.0
Pacific/Honolulu 36.0
Europe/Madrid 35.0
America/Sao_Paulo 33.0

dtype: float64
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WRIE, WXBAREHTR, AT DUHMERE R R, ks —AEi4 >4 Fseabornffibarpolt ik £, K
— AR (LE14-2)

# Rearrange the data for plotting

In [58]: count_subset = count_subset.stack()
In [59]: count_subset.name = 'total’
In [60]: count_subset = count_subset.reset_index()

In [61]: count_subset[:10]
Out[61]:

tz os total

America/Sao_Paulo Not Windows 13.

America/Sao_Paulo Windows  20.

Europe/Madrid Not Windows  16.

Europe/Madrid Windows 19.

Pacific/Honolulu Windows  36.
Asia/Tokyo Not Windows 2o
Asia/Tokyo Windows  35.

0
1
2
3
4 Pacific/Honolulu Not Windows OF
5
6
7
8 Europe/London Not Windows  43.
9

®© ®© ®© ®© ®© ®© ®© © © ©

Europe/London Windows 31.

In [62]: sns.barplot(x='total', y="tz', hue='os', data=count_subset)

0s
B Not Windows
. Windows

America/Sao_Paulo

Europe/Madrid

Pacific/Honolulu

Asia/Tokyo

Europe/London

America/Denver

America/Los_Angeles

America/Chicago

Irr1-r. E

America/New_York

o
N
o
o

400 600 800
mean(total)

XK AE ) i Windows [ 7 7E /N7 2 BOARRT LR, DRI pm A 7320 F 20 b 2 AR
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def norm_total(group):
group[ ‘normed_total'] = group.total / group.total.sum()

return group

results = count_subset.groupby('tz").apply(norm_total)

FRRE A, WL 14-3:

In [65]: sns.barplot(x='normed_total', y="'tz', hue='os', data=results)

0s
B Not Windows
s Windows

America/Sao_Paulo

Europe/Madrid

Pacific/Honolulu
Asia/Tokyo
Europe/London
America/Denver
America/Los_Angeles

America/Chicago

America/New_York

0.0 0.2 0.4 0.6 0.8 1.0
mean(normed_total)

PAE T LA groupby fitransform 77, 58 20T SRR HEAL AT :
In [66]: g = count_subset.groupby('tz")

In [67]: results2 = count_subset.total / g.total.transform('sum")

14.2 MovieLens 1M%#s £

GroupLens Research (http://www.grouplens.org/node/73) K& 7 —4 W20 20904 K F)21 {2
#]tHMovieLens i P $2 it ) HL 2 VR0 iR . X S B S RS VA . B n s (XU SR AR 4R
O UAKRTHAMANOSG U 5dE GFERE . BB, MERIAIRNLEE) o JETHLES 5 ) Bk &

Gt PR 2 MR ER O . BARA AP PRGN LS 2 S BOR, (B SRR 3t

XA EE BEAT UL R D) DL L S BR K
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MovieLens 1M{#i 4 & 15 5k 160004 FH / %F4000#8 FBEZ 910075 26 P A0 5dit . e or h=AN3: i
Shy FPHE BRI B KHZEOE MZip SO R ARIE IR Z IR, T BAi it pandas. read_tabled %
N4 3l E]—>pandas DataFramesf % i

import pandas as pd

# Make display smaller
pd.options.display.max_rows = 10

unames = ['user_id', ‘'gender', 'age', ‘'occupation', 'zip']

users = pd.read_table('datasets/movielens/users.dat', sep="::",

header=None, names=unames)

rnames = ['user_id', 'movie_id', 'rating', 'timestamp’]
ratings = pd.read_table('datasets/movielens/ratings.dat', sep="::",
header=None, names=rnames)
mnames = ['movie_id', 'title', 'genres']
movies = pd.read_table('datasets/movielens/movies.dat', sep="::",
header=None, names=mnames)

FHPython ] Fr i1k, @il & F &1>DataFrame (1 Fi JLAT B AT 56k 2 hn 2 AR /2 75— V)i
Al

In [69]: users[:5]

out[69]:

user_id gender age occupation zip
0 F 1 10 48067
1 2 M 56 16 70072
2 3 M 25 15 55117
g 4 M 45 7 02460
4 5 M 25 20 55455

In [70]: ratings[:5]

Out[790]:

user_id movie_id rating timestamp
0 1 1193 5 978300760
1 1 661 3 978302109
2 1 914 3 978301968
3 1 3408 4 978300275
4 1 2355 5 978824291

In [71]: movies[:5]

Out[71]:
movie_id title genres
1 Toy Story (1995) Animation|Children's|Comedy
2 Jumanji (1995) Adventure|Children's|Fantasy
3 Grumpier 0ld Men (1995) Comedy | Romance
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3 4 Waiting to Exhale (1995) Comedy | Drama
4 5 Father of the Bride Part II (1995) Comedy

In [72]: ratings

out[72]:

user_id movie_id rating timestamp
0 1 1193 5 978300760
1 1 661 3 978302109
2 1 914 3 978301968
3 1 3408 4 978300275
4 1 2355 5 978824291
1000204 6040 1091 1 956716541
1000205 6040 1094 5 956704887
1000206 6040 562 5 956704746
1000207 6040 1096 4 956715648
1000208 6040 1097 4 956715569

[1000209 rows x 4 columns]

W, HAMERFIRZ AR IE X E i, BT EAARE SUESH 1280 4 MREADME XL
o AATECAE =R IEEE TR — R A FE . B ERA AR AR M A A AR R T R I
U155y, WA T A BER A IR R — AR P s R AU R 2 1. A48 H pandas()
merge ik # ¥ ratingsflusers &5 9 2 —id, A5 Ksmoviesth & it 2. pandas& iR Y41 44 1 E &
THEOLHENT LA 2 A I (BOEHE B

In [73]: data = pd.merge(pd.merge(ratings, users), movies)

In [74]: data

Out[74]:
user_id movie_id rating timestamp gender age occupation zip '\

0 1 1193 5 978300760 F 1 10 48067

1 2 1193 5 978298413 M 56 16 70072

2 12 1193 4 978220179 M 25 12 32793

3 15 1193 4 978199279 M 25 7 22903

4 17 1193 5 978158471 M 50 1 95350

1000204 5949 2198 5 958846401 M 18 17 47901

1000205 5675 2703 3 976029116 M 35 14 30030

1000206 5780 2845 1 958153068 M 18 17 92886

1000207 5851 3607 5 957756608 F 18 20 55410

1000208 5938 2909 4 957273353 M 25 1 35401
title genres

(%] One Flew Over the Cuckoo's Nest (1975) Drama

1 One Flew Over the Cuckoo's Nest (1975) Drama

2 One Flew Over the Cuckoo's Nest (1975) Drama

3 One Flew Over the Cuckoo's Nest (1975) Drama

4 One Flew Over the Cuckoo's Nest (1975) Drama
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1000204
1000205
1000206
1000207

Modulations (19
Broken Vessels (19

White

Boys (19

One Little Indian (19
1000208 Five Wives, Three Secretaries and Me (19
[1000209 rows x 10 columns]

In [75]: data.iloc[@]

Out[75]:
user_id
movie_id
rating
timestamp
gender

age
occupation
zip

title

genres

1

978300

48

98) Documentary
98) Drama
99) Drama
73) Comedy |Drama|Western
98) Documentary

1
193
5
760
F

1
10
067

One Flew Over the Cuckoo's Nest (1975)

Name: @, dtype: object

Dr

ama

N TR SRR F S T 294590, 3RATTAT BLE H pivot_table /52

In [76]: mean_ratings = data.pivot_table('rating', index='title',

In [77]: mean_ratings[:5]

out[77]:

gender F
title

$1,000,000 Duck (1971) 3.375000
'Night Mother (1986) 3.388889
'Til There Was You (1997) 2.675676
'burbs, The (1989) 2.793478

...And Justice for All (1979) 3.828571

columns=

2.761905
3.352941
2.733333
2.962085
3.689024

‘gender', aggfunc='mean"')

ZIRAEF L T Sy DataFrame, HARNHEE TGS, TV (K5 . JlboAE
Blo BUE, FATHLBERIED B 02260261 B (BEAEER — DMy o N TIEZIXAH 1,
Hsexttitle AT 734, SRJEFIHIsize()1 2 — & 25 U 4K/ X1 Series X 5.:

In [78]: ratings_by title = data.groupby('title').size()

In [79]: ratings by title[:10]

out[79]:
title

$1,000,000 Duck (1971) 37
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'Night Mother (1986) 70

'Til There Was You (1997) 52
'burbs, The (1989) 303
...And Justice for All (1979) 199
1-900 (1994) 2
10 Things I Hate About You (1999) 700
101 Dalmatians (1961) 565
101 Dalmatians (1996) 364
12 Angry Men (1957) 616

dtype: inté64
In [80]: active_titles = ratings_by_ title.index[ratings_by title >= 250]

In [81]: active_titles

Out[81]:

Index([''burbs, The (1989)', '10 Things I Hate About You (1999)',
'101 Dalmatians (1961)', '101 Dalmatians (1996)', '12 Angry Men (1957)°',
'13th wWarrior, The (1999)', '2 Days in the Valley (1996)°',
'20,000 Leagues Under the Sea (1954)', '2001: A Space Odyssey (1968)',
'2010 (1984)°,

'X-Men (2000)', 'Year of Living Dangerously (1982)°',
'Yellow Submarine (1968)', 'You've Got Mail (1998)°',
'Young Frankenstein (1974)', 'Young Guns (1988)°',
'Young Guns II (19990)', 'Young Sherlock Holmes (1985)',
'Zero Effect (1998)', 'eXistenz (1999)'],
dtype='object', name='title', length=1216)

Pl 2R 5| A A VR HdE KT 25025 LR A PR, SR AT Tl ol LA I AN R T fmean_ratings 1%
W4T 1

# Select rows on the index

In [82]: mean_ratings = mean_ratings.loc[active_titles]

In [83]: mean_ratings

Out[83]:

gender F M
title

"burbs, The (1989) 2.793478 2.962085
10 Things I Hate About You (1999) 3.646552 3.311966
101 Dalmatians (1961) 3.791444 3.500000
101 Dalmatians (1996) 3.240000 2.911215
12 Angry Men (1957) 4.184397 4.328421
Young Guns (1988) 3.371795 3.425620
Young Guns II (1999) 2.934783 2.904025
Young Sherlock Holmes (1985) 3.514706 3.363344
Zero Effect (1998) 3.864407 3.723140

420



eXistenz (1999) 3.098592 3.289086
[1216 rows x 2 columns]

N T IELAE AR B XA R, AT LU F A1 B3 HEA -

In [85]: top_female_ratings = mean_ratings.sort_values(by='F', ascending=False)

In [86]: top_female_ratings[:10]

Oout[86]:

gender F M
title

Close Shave, A (1995) 4.644444 4.473795
Wrong Trousers, The (1993) 4.588235 4.478261
Sunset Blvd. (a.k.a. Sunset Boulevard) (1950) 4.572650 4.464589
Wallace & Gromit: The Best of Aardman Animation... 4.563107 4.385075
Schindler's List (1993) 4.562602 4.491415
Shawshank Redemption, The (1994) 4.539075 4.560625
Grand Day Out, A (1992) 4.537879 4.293255
To Kill a Mockingbird (1962) 4.536667 4.372611
Creature Comforts (1990) 4.513889 4.272277
Usual Suspects, The (1995) 4.513317 4.518248

TS

B IRATREZEHR 55 PR ATV AR 73 B KT LR . — N Ipid i 4imean_ratings i - —> 1 147
BOPIIG 7> 2 Z 5, IR A THE

In [87]: mean_ratings['diff'] = mean_ratings['M'] - mean_ratings['F']
2" diff" He iy B AT A5 21 70 B K H 2 PER A BE 8 ) L«

In [88]: sorted_by diff = mean_ratings.sort_values(by="diff")

In [89]: sorted_by diff[:10]

Out[89]:

gender F M diff
title

Dirty Dancing (1987) 3.790378 2.959596 -0.830782
Jumpin' Jack Flash (1986) 3.254717 2.578358 -0.676359
Grease (1978) 3.975265 3.367041 -0.608224
Little Women (1994) 3.870588 3.321739 -0.548849
Steel Magnolias (1989) 3.901734 3.365957 -0.535777
Anastasia (1997) 3.800000 3.281609 -0.518391
Rocky Horror Picture Show, The (1975) 3.673016 3.160131 -0.512885
Color Purple, The (1985) 4.158192 3.659341 -0.498851
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Age of Innocence, The (1993) 3.827068 3.339506 -0.487561
Free Willy (1993) 2.921348 2.438776 -0.482573

X R £ RS FRECH AT 1047, 19 20 102 55 LA B 5 %A FLEE -

# Reverse order of rows, take first 10 rows
In [90]: sorted_by diff[::-1][:10]

Out[99]:

gender F M diff
title

Good, The Bad and The Ugly, The (1966) 3.494949 4.221300 ©.726351
Kentucky Fried Movie, The (1977) 2.878788 3.555147 0.676359
Dumb & Dumber (1994) 2.697987 3.336595 0.638608
Longest Day, The (1962) 3.411765 4.031447 0.619682
Cable Guy, The (1996) 2.250000 2.863787 0.613787
Evil Dead II (Dead By Dawn) (1987) 3.297297 3.909283 0.611985
Hidden, The (1987) 3.137931 3.745098 ©0.607167
Rocky IIT (1982) 2.361702 2.943503 0.581801
Caddyshack (1980) 3.396135 3.969737 0.573602
For a Few Dollars More (1965) 3.409091 3.953795 0.544704

ISR AR AR B KRR (BB MBI Z) AT BATH 545 73 B i) 7 22 Bbm i 2 «

# Standard deviation of rating grouped by title
In [91]: rating_std_by_title = data.groupby('title')['rating’'].std()

# Filter down to active_titles
In [92]: rating_std_by title = rating_std_by_title.loc[active_titles]

# Order Series by value in descending order
In [93]: rating_std_by title.sort_values(ascending=False)[:10]

out[93]:

title

Dumb & Dumber (1994) 1.321333
Blair Witch Project, The (1999) 1.316368
Natural Born Killers (1994) 1.307198
Tank Girl (1995) 1.277695
Rocky Horror Picture Show, The (1975) 1.260177
Eyes Wide Shut (1999) 1.259624
Evita (1996) 1.253631
Billy Madison (1995) 1.249970
Fear and Loathing in Las Vegas (1998) 1.246408
Bicentennial Man (1999) 1.245533

Name: rating, dtype: float64
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MRERCEERS T, B RRUELE () 2R TR RS R B 8T
IIMTIIE, B B A R A AT

14.3 1880-20104F [r] =35 22 )Ltk 44

FEA SRR E (SSA) $RHE T — 4 1880 R ILAE I %) L4 FHMFE i . Hadley
Wickham (VFZ AT REMIEE) 225 R0 B RiE R RIOEAE AL B T BE -

FATE G SR U A RN BIX A Hdl 5, XAl &7 48— s fiDataFrame:

In [4]: names.head(10)

Out[4]:

name sex births year
(%] Mary E 7065 1880
1 Anna F 2604 1880
2 Emma F 2003 18860
3  Elizabeth E 1939 18860
4 Minnie F 1746 1880
5 Margaret F 1578 1880
6 Ida E 1472 1880
7 Alice F 1414 1880
8 Bertha F 1320 1880
9 Sarah E 1288 1880

PRAT A XA B SRR 2 4, Bl

o IEIEEX T (MUEKRECH, WalLGER AR BRG],

o TEREANBTFIHNHEA

o UHBAFERITIAT, LIS KR HAR N4 T

o SiTETFES: JuE. WE. KE. QAR PIERL. RS,
o IMTANEMEEYS: ELPHA T BN NDOEHRA .

A AT A A AL TR, Xt TARARREIR AR S i, B PHRH P2,

BIMEARNNIE, FEE S ORI B R LA R T 2 N SO, el TR
AL A R AR SR RSO AR R 58 7T DAAETX R

HX: http://www.ssa.gov/oact/babynames/limits.html.
U RARTE R B A P XA T DA AW T, T DU &R 51 44K

"M% "National data" X fffnames.zip, ff#/5J5EH HH &A —4H 30 (Wlyob1880.txt) . FRAUNIX
fiheadfr 2 &H& 1 Hd — N CHIHT1047 (FEWindows_F, RAJ LI moredr 4, BYELHELE XCA YW
HARITID -

In [94]: 'head -n 10 datasets/babynames/yob1880.txt
Mary,F,7065
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Anna,
Emma,
Elizabeth,F,1939

F,2604
F,2003

Minnie, F,1746
Margaret,F,1578
Ida,F,1472
Alice,F, 1414
Bertha,F,1320
Sarah,F,1288

A1 AR AR LUE 5

e

FEIT A% =, FTLATT BLFH pandas.read_csvi4 Hm#i 3DataFrame

In [95]: import pandas as pd

In [96]: names1880 =

pd.read_csv('datasets/babynames/yob1880.txt",

In [97]: names1880

Out[97]:

name sex
(%] Mary F
1 Anna F
2 Emma F
3 Elizabeth F
4 Minnie F
1995 Woodie M
1996 Worthy M
1997 Wright M
1998 York M
1999 Zachariah M

births
7065
2604
2003
1939
1746

(V2 RV BV BV NV |

[2006 rows x 3 columns]

names=[ 'name', 'sex', 'births'])

RS S B S IR 7o 9 TR, BATAT LA births 31l i) sex 7 4H /it &
ANIZAEE Hbirths &1t

In [98]: names1880@.groupby('sex"').births.sum()
out[98]:

sex
F
M

90993
110493

Name: births, dtype: int64
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BT EAR SRR T B B T 2 AN, BT DASE — il it 2 200G B A B # A 2 8 — A
DataFrame H.1fii, i E—"year¥E. fiifflpandas.concatRI Al ik FiX 4~ H )

years = range(1380, 2011)

pieces = []

columns = ['name', 'sex', 'births']

for year in years:
path = 'datasets/babynames/yob%d.txt' % year
frame = pd.read_csv(path, names=columns)

frame[ 'year'] = year
pieces.append(frame)

# Concatenate everything into a single DataFrame

names = pd.concat(pieces, ignore_index=True)

KEFREERIUTFEN . 28—, concatBiN21%1T# £ >DataFrame4l & 2| —ifeff); 5=, WAUR
sEignore_index=True, K AAIAE B IR Fread_csviTiR B RIGTS . BIAERNIEE] T —ANE
# KftiDataFrame, &% 44 FHdE:

In [100]: names

Out[100]:

name sex births year
0 Mary F 7065 1880
1 Anna F 2604 1880
2 Emma F 2003 18860
3 Elizabeth F 1939 1880
4 Minnie F 1746 1880
1690779 Zymaire M 5 2010
1690780 Zyonne M 5 2010
1690781 Zyquarius M 5 2010
1690782 Zyran M 5 2010
1690783 ZzyzXx M 5 2010

[1696784 rows x 4 columns]

H T IXEHHE 2 5, A0 LA groupbyEipivot_tablefEyearfiisexZf il Exf Hgkfr R & T, W
K14-4F7 7

In [101]: total_births = names.pivot_table( 'births', index='year',

560008 columns="sex"', aggfunc=sum)

In [102]: total_births.tail()
out[102]:
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sex E M
year

2006 1896468 2050234
2007 1916888 2069242
2008 1883645 2032310
2009 1827643 1973359
2010 1759010 1898382

In [103]: total_births.plot(title='Total births by sex and year')

Total births by sex and year

2000000

1500000

1000000

500000

1880 1900 1920 1940 1960 1980 2000
year

N HEFATRAEN A propsll,  FHTAF G E 4 0 LB T AR LBl . propfE90.024%&
ANEE10044 28 ) L A28 L T HHTIX AN 4 5. Bk, FdiTsEikyearfisexsrdl, SRJG FRRET 5 INE] %
Mo L

def add_prop(group):
group[ 'prop'] = group.births / group.births.sum()
return group

names = names.groupby(['year', 'sex']).apply(add_prop)

BUE, SEBBIESEMA 1 T X5

In [105]: names
Out[165]:
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name sex births year prop

(%] Mary F 7065 1880 0.077643
1 Anna F 2604 1880 0.028618
2 Emma F 2003 1880 0.022013
3 Elizabeth F 1939 1880 0.021309
4 Minnie F 1746 1880 0.019188
1690779 Zymaire M 5 2010 0.000003
1690780 Zyonne M 5 2010 0.000003
1690781 Zyquarius M 5 2010 0.000003
1690782 Zyran M 5 2010 0.000003
1690783 ZzyzXx M 5 2010 0.000003

[1696784 rows x 5 columns]

FEPATIRFER) 0 AL BRI, — AR RLZ A — Lo A &, LE IR UE BT A 70 2 I prop ) AT 75 0%
1:

In [106]: names.groupby(['year', 'sex']).prop.sum()

Out[106]:

year sex

1880 F 1.0
M 1.0

1881 F 1.0
M 1.0

1882 F 1.0

2008 M 1.0

2009 F 1.0
M 1.0

2010 F 1.0
M 1.0

Name: prop, Length: 262, dtype: float64

TARSERG. N 7T SR B b, B ERH ZE R K — 4> 74k XS sex/yearfl & 1R
10004470 X FE— 7 H AR AT

def get_topl000(group):

return group.sort_values(by='births', ascending=False)[:1000]
grouped = names.groupby ([ 'year', 'sex'])
top1000 = grouped.apply(get_topl1000)
# Drop the group index, not needed
top1000.reset_index(inplace=True, drop=True)

WARAREXRDIY IS, ] DL FE:
pieces = []
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for year, group in names.groupby(['year', 'sex']):
pieces.append(group.sort_values(by="births', ascending=False)[:1000])

topl000 = pd.concat(pieces, ignore_index=True)

EUIRCHINES B S EITE FNNE T

In [108]: topleo0o

Out[108]:

name sex births year prop
(%] Mary F 7065 1880 0.077643
1 Anna F 2604 1880 0.028618
2 Emma B 2003 1880 0.022013
3 Elizabeth F 1939 1880 0.021309
4 Minnie F 1746 1880 ©0.019188
261872 Camilo M 194 2010 ©0.000102
261873 Destin M 194 2010 0.000102
261874 Jaquan M 194 2010 ©0.000102
261875 Jaydan M 194 2010 ©0.000102
261876 Maxton M 193 2010 0.000102

[261877 rows x 5 columns]
P& R B 7 B TAESUEH XX Mtop 100085 46 1.

PN TEN SRS

A7 e BN ARG A 2 B Itop 100084 58, FRATHUAT LUTda o #r #5- Fh i Zla 3 7. B 5K Rl
1000144573 9 55 L A 5+

In [109]: boys = tople0@[topleed.sex == 'M']

In [110]: girls = topl000[tople0d.sex == 'F']

AR R, RS AR BRI AT 2 AR R CLh AR AR fidohn AIMary (/) 22
ILBD o A5 R 5k Hyearfiname S it i B L AR OB LR -

In [111]: total_births = topl@@0.pivot_table('births', index='year',
000008 columns="name",

e aggfunc=sum)

AR, FRATH DataFrameffiplot/y izl )L % 26 (ILE14-5) -

In [112]: total_births.info()
<class 'pandas.core.frame.DataFrame'>
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Int64Index: 131 entries, 1880 to 2010
Columns: 6868 entries, Aaden to Zuri
dtypes: float64(6868)

memory usage: 6.9 MB

In [113]: subset = total_births[['John', 'Harry', 'Mary', 'Marilyn']]

In [114]: subset.plot(subplots=True, figsize=(12, 10), grid=False,
560008 title="Number of births per year")

Number of births per year

80000 —— John
60000
40000
20000

10000
— Harry
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—— Mary
60000

40000
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10000 = Marilyn

5000

O —

20 QQQ .\'c;.'l-Q

RS o N 960

RS R
year

o0

& o

7

MEFRT U, XA FEREANRRDH P R KOG 7. HESIFRm e, JA17E
TR RE R E A B T .

REGEZEZ SR CANEE S

— AR SRR B 4 /N H L A R D o X AMER T LB AR RN AE. — N IMER
TR AT II1000 42 5 FT S I EE, FedzyearfsexitiT R G (WLIE14-6) -

In [116]: table = topl@00.pivot_table('prop', index='year',
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500008 columns="sex"', aggfunc=sum)

In [117]: table.plot(title='Sum of tablel@00.prop by year and sex',
500008 yticks=np.linspace(®, 1.2, 13), xticks=range(1830, 2020, 10)

7 Sum of table1000.prop by year and sex

11 ——

1o .--‘====:==k:======---_..======="—‘ ﬁ_‘“‘*—--"““x--~::::\-~_
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MEIRATEAE , P2 SE B T (RT10005 I LU B BRARD oS3 —DNIMERTFE b
B HAENERTS0% AN A 4 7 K, XA A KIS JATTA 820104 55 #4147

In [118]: df = boys[boys.year == 2010]

In [119]: df
Out[119]:

name sex births year prop
260877 Jacob M 21875 2010 0.011523
260878 Ethan M 17866 2010 0.009411
260879 Michael M 17133 2010 ©0.009025
260880 Jayden M 17030 2010 0.008971
260881 William M 16870 2010 ©0.008887
261872 Camilo M 194 2010 ©0.000102
261873 Destin M 194 2010 ©0.000102
261874 Jaquan M 194 2010 ©0.000102
261875 Jaydan M 194 2010 ©0.000102
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261876 Maxton M 193 2010 0.000102
[1006 rows x 5 columns]

fEXSpropb& P HEAI 2 )5, BATERABE AT 2 /D44 7 I ABOINER A 1550%. B8 S —Morf
St REA R H B, HNumPyf — MR R RT3 Joit Hprop) R it Mecumsum, A5
Ffifidsearchsorted Jj ¥k H10.5 N %Al A AL B A BE R UE AN BRI -

In [120]: prop_cumsum = df.sort_values(by='prop', ascending=False).prop.cumsum()

In [121]: prop_cumsum[:19]

Out[121]:

260877 0.011523
260878 0.020934
260879 0.029959
260880 0.038930
260881 0.047817
260882 0.056579
260883 0.065155
260884 0.073414
260885 0.081528
260886 0.089621

Name: prop, dtype: float64

In [122]: prop_cumsum.values.searchsorted(9.5)
out[122]: 116

T R 5 & MOFFHUR, TRIFRATE X AN EE A, Bl 45 8117 219004 1)k >k
A, I FENMEZ .
In [123]: df = boys[boys.year == 1900]

In [124]: in1900 = df.sort_values(by='prop', ascending=False).prop.cumsum()

In [125]: in19@0.values.searchsorted(0.5) + 1
Out[125]: 25

IAERL AT LAY AT B year/sexH G HAT XN E T o $2X AT Bt 47 groupby &b FE, 2R G H— /MR
B 5 X AME -

def get quantile count(group, g=0.5):
group = group.sort_values(by='prop', ascending=False)
return group.prop.cumsum().values.searchsorted(q) + 1

diversity = top1000.groupby ([ ‘year', 'sex']).apply(get_quantile_count)

diversity = diversity.unstack('sex")
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BAE, diversityix/>DataFramedfif5 i ANEF A7 51 CREANMERN S —AS, IEEERG)D o il
IPython, fRATLLEE LN, @A LMEZ AIIRHEHIER (E14-THR) -

In [128]:
out[128]:

sex E
year

1880 38
1881 38
1882 38
1883 39
1884 39

In [129]:

250

200

150

100

50

1880

diversity.head()

diversity.plot(title="Number of popular names in top 50%")

Number of popular names in top 50%

1900 1920 1940 1960 1980 2000
year

MERRT S, ZZA4 T2 SRS Z 0, HIEER SRS, SEII A O
Br— T R AR ZREE (BB SRl .

R A I
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20074E, —& %)Lk 4 1158 N fiLaura Wattenberg7Efih (5 LR35 35 HY
Chttp://www.babynamewizard.com) : EHER, BEZATFERE DT LR RAET B3
. N T TREEARRIEDL, 3 Sok il AR BRI LSRR BT TR G
# extract last letter from name column
get_last_letter = lambda x: x[-1]
last_letters = names.name.map(get_last_letter)

last_letters.name = 'last_letter’

table = names.pivot_table('births', index=last_letters,

columns=["'sex', 'year'], aggfunc=sum)

WiE, Wikt BA — @ RN =4, FF5H i AT
In [131]: subtable = table.reindex(columns=[1910, 1960, 2010], level='year')

In [132]: subtable.head()

Out[132]:

sex F M

year 1910 1960 2010 1910 1960 2010
last_letter

a 108376.0 691247.0 670605.0 977.0 5204.0 28438.0
b NaN 694.0 450.0 411.0 3912.0 38859.0
C 5.0 49.0 946.0 482.0 15476.0 23125.0
d 6750.0 3729.0 2607.0 22111.0 262112.0 44398.0
e 133569.0 435013.0 313833.0 28655.0 178823.0 129012.0

PN RIANT T E A S AR RO R BT VG AL AL BE DA 53 B R 25 2R - B e AR NSO B
K

In [133]: subtable.sum()

out[133]:

sex year

[F 1910 396416.0
1960 2022062.0
2010 1759010.0

M 1910 194198.0
1960 2132588.0

2010 1898382.0

dtype: float64

In [134]: letter_prop = subtable / subtable.sum()
In [135]: letter_prop

Out[135]:
sex F M
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year 1910 1960 2010 1910 1960 2010
last_letter

a 0.273390 0.341853 0.381240 0.005031 0.002440 0©.014980
b NaN ©.000343 0.000256 0.002116 0©0.001834 0.020470
C 0.000013 0.000024 0.000538 0.002482 0.007257 0.012181
d 0.017028 ©0.001844 0.001482 0.113858 ©0.1229508 ©.023387
e 0.336941 0.215133 0.178415 0.147556 ©0.083853 0.067959
\% NaN ©0.000060 ©0.000117 ©0.000113

0.000037 0.001434

w 0.000020 0.000031 0.001182 0.006329 0.007711 0.016148
X 0.000015 0.000037 0©0.000727 0.003965 0.001851 0©0.008614
y 0.110972 ©.152569 0.116828 ©0.077349 0.160987 ©0.058168
z 0.002439 0.000659 0.000704 0.000170 0.000184 ©0.001831
[26 rows x 6 columns]

A VAT R HIEEE 2 )5, BT DR SRS E RS MR AR T, W& 14-87R:

import matplotlib.pyplot as plt

fig, axes = plt.subplots(2, 1, figsize=(10, 8))

letter_prop['M'].plot(kind="bar"', rot=0, ax=axes[0], title='Male')

letter_prop[‘'F'].plot(kind="bar"', rot=0, ax=axes[1], title='Female',
legend=False)
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ATUAE ., M20M60FE AT 4R, PLF B n" g R T 24 7 L 7 82 G, [l B 2 /i g i
A TFERER, FEE NS AT IEAC AL B, IR S A4 7 g U LN 7B, et T E
AR B — N 8] 3 571

In [138]: letter_prop = table / table.sum()
In [139]: dny_ts = letter_prop.loc[['d"', 'n', 'y'], 'M'].T

In [140]: dny_ts.head()

Out[140]:

last_letter d n y
year

1880 0.083055 0.153213 0.075760
1881 0.083247 0.153214 0.077451
1882 0.085340 0.149560 0.077537
1883 0.084066 0.151646 0.079144
1884 0.086120 ©0.149915 0.080405

H T IXAK )75 f)DataFrame J&, i nl Ll i Hplot k2 il tH — ka3 B 7 CanfE14-95r
IR

435



In [143]: dny_ts.plot()
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A ZA T W B 245 (BLEA R IE DL

R MHEEBR B, FAERAT T BN I E RSN 177, FlinLesleydiLeslie. [5]Ftop1000
e, ALl esI" ISk — 4 4 7

In [144]: all_names = pd.Series(topl@00.name.unique())
In [145]: lesley like = all names[all_names.str.lower().str.contains('lesl"')]

In [146]: lesley_like
Out[146]:

632 Leslie

2294 Lesley

4262 Leslee

4728 Lesli

6103 Lesly

dtype: object

RGN GRS PEHAR M4, L T TS A S A B A X R -
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In [147]: filtered = topl000[topl000.name.isin(lesley like)]

In [148]: filtered.groupby('name').births.sum()
Out[148]:

name

Leslee
Lesley
Lesli
Leslie
Lesly

1082
35022
929
370429
10067

Name: births, dtype: int64

FRR, BATLNERAERE AT R A, IR B AT AL AL BE

In [149]: table

In [150]:

In [151]:
Out[151]:

sex
year
2006
2007
2008
2009
2010

T N Y
® ® ® ® ®

F

table

table.

NaN
NaN
NaN
NaN
NaN

filtered.pivot_table('births', index='year',

columns="'sex', aggfunc="'sum")

= table.div(table.sum(1), axis=0)

tail()

i, AT BV AR 2 — sk R R EE R 1T T CanfE2-107) -

In [153]: table.plot(style={'M': 'k-', 'F': 'k--'1})
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1880

14.4 USDA T 5 54 1

FEAVAR (USDA) #iIlE T —hA R & e I5{5 B RIEEZE . Ashley Williamstil {f 1 iZ5# 1
JSONAR (http://ashleyw.co.uk/project/food-nutrient-database) . HAFHidF Ul T Ars:

"id": 21441,
"description”: "KENTUCKY FRIED CHICKEN, Fried Chicken, EXTRA CRISPY,

Wing, meat and skin with breading”,

"tags": ["KFC'],
"manufacturer": "Kentucky Fried Chicken",

"group": "Fast Foods",
"portions": [

{
"amount": 1,
"unit": "wing, with skin",

"grams": 68.0
¥

1

"nutrients": [

{
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"value": 20.8,

"units": "g",
"description": "Protein",
"group": "Composition"

¥

KR A A A TR R PR LR I R E TR M B IR . XME SR A R RIE &
M AR, DR ERATT R B SRR A U B R R 2K

M T B2 A AR WA AE T 8RR 2 5, AT DU A 53 1 JSON K o 2k 21 Python o
T EPython P & fjsonfii b .

In [154]: import json
In [155]: db = json.load(open('datasets/usda_food/database.json"))

In [156]: len(db)
Out[156]: 6636

dbH BN 5% H R — NS A M Y R EdE )7 8. nutrients B — AN ISR, b4
AN OGS B — S TR T

In [157]: db[@].keys()

Out[157]: dict_keys(['id', 'description', 'tags', 'manufacturer', 'group', 'porti

ons', 'nutrients'])

In [158]: db[@][ 'nutrients'][@]

Out[158]:

{'description': 'Protein’,
'group': 'Composition’,
'units': 'g’,

'value': 25.18}

In [159]: nutrients = pd.DataFrame(db[@][ 'nutrients'])

In [160]: nutrients[:7]

Out[160]:

description group units value
(4] Protein Composition g 25.18
1 Total lipid (fat) Composition g 29.20
2 Carbohydrate, by difference Composition g 3.06
3 Ash Other g 3.28
4 Energy Energy kcal 376.00
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Water Composition g 39.28
6 Energy Energy kJ 1573.00

FER 7 ML A e i ohDataFramelt,  mT DLRFHIBOL A — #8707 B X B, FATRBCE &4
PRy 2R G5 DU R SEE R -

In [161]: info_keys = ['description', 'group', 'id', ‘'manufacturer']
In [162]: info = pd.DataFrame(db, columns=info_keys)

In [163]: info[:5]
Out[163]:
description group id \

(%] Cheese, caraway Dairy and Egg Products 1008

1 Cheese, cheddar Dairy and Egg Products 1009

2 Cheese, edam Dairy and Egg Products 1018

3 Cheese, feta Dairy and Egg Products 1019

4 Cheese, mozzarella, part skim milk Dairy and Egg Products 1028

manufacturer

A W N RO

In [164]: info.info()
<class 'pandas.core.frame.DataFrame'>
RangeIndex: 6636 entries, © to 6635

Data columns (total 4 columns):

description 6636 non-null object
group 6636 non-null object
id 6636 non-null int64
manufacturer 5195 non-null object

dtypes: int64(1), object(3)
memory usage: 207.5+ KB

iifvalue_counts, fRu] LAEA BYIFIH 73T IL:

In [ 1: pd.value_counts(info.group)[:10]
out[ 1:

Vegetables and Vegetable Products

Beef Products

Baked Products

Breakfast Cereals

Fast Foods

Legumes and Legume Products

Lamb, Veal, and Game Products
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Sweets 341
Pork Products 328
Fruits and Fruit Juices 328
Name: group, dtype: inté4

BUE, N7 ailE R BuR i — 2, SRR IINE RS A B E TR A B RER
o BAIA VB BERSEBLZH . B, K BWIEIRK D FIER )y —DataFrame, i
M—AForgi 5K, )R ZDataFrame? SN2 — & . ) iEid concatif IX 28 AR PH i
KA ELT

JEF) 35, nutrients 145 5.

In [167]: nutrients

out[167]:

description group units value id
0 Protein Composition g 25.180 1008
1 Total lipid (fat) Composition g 29.200 1008
2 Carbohydrate, by difference Composition g 3.060 1008
3 Ash Other g 3.280 1008
4 Energy Energy kcal 376.000 1008
389350 Vitamin B-12, added Vitamins mcg 0.000 43546
389351 Cholesterol Other mg 0.000 43546
389352 Fatty acids, total saturated Other g 0.072 43546
389353 Fatty acids, total monounsaturated Other 0.028 43546
389354 Fatty acids, total polyunsaturated Other g 0.041 43546

[389355 rows x 5 columns]

R IX A DataFrame L i A — L EHE T, FrelEREEFFHATLL T

In [168]: nutrients.duplicated().sum() # number of duplicates
Out[168]: 14179

In [169]: nutrients = nutrients.drop_duplicates()

i T P DataFrameX} % 1 #4 "group"f"description", FrbAy 7 BTABIEHE R HE, IRATFHE &
AT E a4

In [170]: col_mapping = {'description’' : 'food',
et 'group'’ : 'fgroup'}

In [171]: info = info.rename(columns=col_mapping, copy=False)

In [172]: info.info()
<class 'pandas.core.frame.DataFrame'>
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RangeIndex: 6636 entries, © to 6635
Data columns (total 4 columns):

food 6636 non-null object
fgroup 6636 non-null object
id 6636 non-null int64
manufacturer 5195 non-null object

dtypes: int64(1), object(3)
memory usage: 207.5+ KB

In [173]: col_mapping = {'description' : 'nutrient',
R ‘group' : 'nutgroup'}

In [174]: nutrients = nutrients.rename(columns=col_mapping, copy=False)

In [175]: nutrients

Out[175]:

nutrient nutgroup units value id
(%] Protein Composition g 25.180 1008
1 Total lipid (fat) Composition g 29.200 1008
2 Carbohydrate, by difference Composition g 3.060 1008
3 Ash Other g 3.280 1008
4 Energy Energy kcal 376.000 1008
389350 Vitamin B-12, added Vitamins mcg 0.000 43546
389351 Cholesterol Other mg 0.000 43546
389352 Fatty acids, total saturated Other g 0.072 43546
389353 Fatty acids, total monounsaturated Other 0.028 43546
389354 Fatty acids, total polyunsaturated Other g 0.041 43546

[375176 rows x 5 columns]

i Feix s, LK infofRnutrients & FF Lk :

In [176]: ndata = pd.merge(nutrients, info, on='id', how='outer")

In [177]: ndata.info()

<class 'pandas.core.frame.DataFrame'>
Int64Index: 375176 entries, © to 375175
Data columns (total 8 columns):

nutrient 375176 non-null object
nutgroup 375176 non-null object
units 375176 non-null object
value 375176 non-null floaté64
id 375176 non-null int64
food 375176 non-null object
fgroup 375176 non-null object

manufacturer 293054 non-null object
dtypes: float64(1), int64(1), object(6)
memory usage: 25.8+ MB
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In [178]: ndata.

Out[178]:
nutrient

nutgroup

units

value

id
food

fgroup

manufacturer

Name: 30000, dtype: object

iloc[30000]

Glycine
Amino Acids
g

0.04

6158

Soup, tomato bisque, canned, condensed

Soups, Sauces, and Gravies

FATHUAE P LRI B4 73 SN E R At — sk P A E I (& 14-1100)

In [180]: result = ndata.groupby([ 'nutrient', ‘fgroup'])['value'].quantile(©.5)

In [181]: result['Zinc, Zn'].sort_values().plot(kind="barh")

a
=]
o
—

=l

Beef Products

Lamb, Veal, and Game Products
Nut and Seed Products
Breakfast Cereals

Spices and Herbs

Poultry Products

Pork Products

Sausages and Luncheon Meats
Snacks

Dairy and Egg Products

Fast Foods

Legumes and Legume Products
Cereal Grains and Pasta

Ethnic Foods

Restaurant Foods

Finfish and Shellfish Products
Baked Products

Meals, Entrees, and Sidedishes
Baby Foods

Sweets

Vegetables and Vegetable Products

Soups, Sauces, and Gravies
Fruits and Fruit Juices
Beverages

Fats and Oils

=

HERMEh— 367, Wl UKL & IR o & gttt 4 71

by_nutrient = ndata.groupby([ 'nutgroup",

"nutrient'])

get_maximum = lambda x: x.loc[x.value.idxmax()]

get_minimum = lambda x: x.loc[x.value.idxmin()]

max_foods = by_nutrient.apply(get_maximum)[['value', 'food']]

# make the food a little smaller

max_foods.food = max_foods.food.str[:50]
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H T 152 DataFramefR Kk, AT LA 7E S BN 43T Bl H k. X B H 25 Hi"Amino Acids"& 7
e

In [183]: max_foods.loc[ "Amino Acids']['food"]

Out[183]:

nutrient

Alanine Gelatins, dry powder, unsweetened
Arginine Seeds, sesame flour, low-fat
Aspartic acid Soy protein isolate
Cystine Seeds, cottonseed flour, low fat (glandless)
Glutamic acid Soy protein isolate
Serine Soy protein isolate, PROTEIN TECHNOLOGIES INTE...
Threonine Soy protein isolate, PROTEIN TECHNOLOGIES INTE...
Tryptophan Sea lion, Steller, meat with fat (Alaska Native)
Tyrosine Soy protein isolate, PROTEIN TECHNOLOGIES INTE...
Valine Soy protein isolate, PROTEIN TECHNOLOGIES INTE...

Name: food, Length: 19, dtype: object

14.5 20128 FS ok 2525 R B JF

FE PRI B2 R AT T A RBUA IR B T s . HhafEspE e, Bk, JEE.
Mkl DA K B A B FRATTT 201245 35 [ A 4t Kk Bl 4 Eb At %
Chttp://www.fec.gov/disclosurep/PDownload.do) . F7E20124:6 H #1542 — 1~ 150MB
fICSVIC A} (P0O0000001-ALL.csv) , FA145EH pandas.read_csvid H gtk :

In [184]: fec = pd.read_csv('datasets/fec/P0000OOOOL1-ALL.Ccsv")

In [185]: fec.info()

<class 'pandas.core.frame.DataFrame'>
RangeIndex: 1001731 entries, © to 1001730
Data columns (total 16 columns):

cmte_id 1001731 non-null object
cand_id 1001731 non-null object
cand_nm 1001731 non-null object
contbr_nm 1001731 non-null object
contbr_city 1001712 non-null object
contbr_st 1001727 non-null object
contbr_zip 1001620 non-null object
contbr_employer 988002 non-null object

contbr_occupation 993301 non-null object
contb_receipt_amt 1001731 non-null floate4

contb_receipt_dt 1001731 non-null object
receipt_desc 14166 non-null object
memo_cd 92482 non-null object
memo_text 97770 non-null object
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form_tp 1001731 non-null object
file num 1001731 non-null inté64
dtypes: float64(1), int64(1l), object(14)
memory usage: 122.3+ MB

ZDataFrameH [ 5 W K s :

In [186]: fec.iloc[123456]

Oout[186]:

cmte_id C00431445
cand_id P80003338
cand_nm Obama, Barack
contbr_nm ELLMAN, IRA
contbr_city TEMPE
receipt_desc NaN
memo_cd NaN
memo_text NaN
form_tp SA17A
file_num 772372

Name: 123456, Length: 16, dtype: object

PRy TR T VR 2 IR AR 28 T 16 % B 8l b il O S S B AR AR N G5 B . BOREAE
T%T%EEI’\JV\]’@EP)[ ZUMA R TAE GaHBIH ATV IE L2275 o

AR, ZEIR T RA WIRMER, Bttt et . dEilunique, RAT AR A E 1%
NA

In [187]: unique_cands = fec.cand_nm.unique()

In [188]: unique_cands
Out[188]:
array([ 'Bachmann, Michelle', 'Romney, Mitt', 'Obama, Barack',
"Roemer, Charles E. 'Buddy' III", 'Pawlenty, Timothy',
'Johnson, Gary Earl', 'Paul, Ron', 'Santorum, Rick', 'Cain, Herman',
'Gingrich, Newt', 'McCotter, Thaddeus G', 'Huntsman, Jon',
'Perry, Rick'], dtype=object)

In [189]: unique_cands[2]
Out[189]: 'Obama, Barack'

TR SEIRTE BT VA — Al - o
parties = {'Bachmann, Michelle': 'Republican’,
'Cain, Herman': 'Republican’,

'Gingrich, Newt': 'Republican’,
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'"Huntsman, Jon': 'Republican’,

'Johnson, Gary Earl': 'Republican’,

'McCotter, Thaddeus G': 'Republican’,

'Obama, Barack': 'Democrat’,

'Paul, Ron': 'Republican’,

'Pawlenty, Timothy': 'Republican’,

'Perry, Rick': 'Republican’,

"Roemer, Charles E. 'Buddy' III": 'Republican’,
'Romney, Mitt': 'Republican’,

'Santorum, Rick': 'Republican'}

DA, TERX AW PL K Series Xt B ffimap 7%, VRAT AR B Nk 44 75 3] — 4158 R1E B -

In [191]: fec.cand_nm[123456:123461]
Out[191]:

123456 Obama, Barack

123457 Obama, Barack

123458 Obama, Barack

123459 Obama, Barack

123460 Obama, Barack

Name: cand_nm, dtype: object

In [192]: fec.cand_nm[123456:123461].map(parties)
Out[192]:

123456 Democrat

123457 Democrat

123458 Democrat

123459 Democrat

123460 Democrat

Name: cand_nm, dtype: object

# Add it as a column

In [193]: fec['party'] = fec.cand_nm.map(parties)

In [194]: fec['party'].value_counts()
Out[194]:

Democrat 593746

Republican 407985

Name: party, dtype: inte4

REAWATEEERMT . 58—, 28R EAR It amiER (I EED -

In [195]: (fec.contb_receipt_amt > ©).value_counts()

Out[195]:
True 991475
False 10256

Name: contb_receipt_amt, dtype: int64
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N T T AT R, FRERE B AR A BE A 1L H B

In [196]: fec = fec[fec.contb_receipt_amt > 0]

HH T-Barack Obama#IMitt Romney & & F Z W & kit N, Frb e IS 7T —1 1%, R4
B R AATTIN N I S5 18 5 B 1 B A5 R

In [197]: fec_mrbo = fec[fec.cand_nm.isin(['Obama, Barack', 'Romney, Mitt'])]

MRPEHRNMV AN = g8 1H 2 B 45 5

UL G R  —FS R M R G5 Bl HTE A TR, T
Al R E T BRI, RATDRARGR, A BTSSR A T . 2%, AR
R, R

In [198]: fec.contbr_occupation.value_counts()[:10]

Out[198]:

RETIRED 233990
INFORMATION REQUESTED 35107
ATTORNEY 34286
HOMEMAKER 29931
PHYSICIAN 23432
INFORMATION REQUESTED PER BEST EFFORTS 21138
ENGINEER 14334
TEACHER 13990
CONSULTANT 13273
PROFESSOR 12555

Name: contbr_occupation, dtype: int64

AHER VP2 WAV KA RS A TAESER, B A —FEAIU A 28k, N IS Fr BERT
LG B — X R B O — NIPOLAE BB 2 51— o R, RBRIGYHAIA] 1 dict.get, €
FCVFBOA WA 5 R AL th g i

occ_mapping = {

'INFORMATION REQUESTED PER BEST EFFORTS' : 'NOT PROVIDED',
'INFORMATION REQUESTED' : 'NOT PROVIDED',

'INFORMATION REQUESTED (BEST EFFORTS)' : 'NOT PROVIDED',
'C.E.O0.": 'CEO'

# If no mapping provided, return x
f = lambda x: occ_mapping.get(x, X)

fec.contbr_occupation = fec.contbr_occupation.map(f)
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xS e 115 )

emp_mappi

ST TR Ab 2
ng = {

"INFORMATION REQUESTED PER BEST EFFORTS'

'INFORMATION REQUESTED'

"SELF'
'SELF

# If no mapping provided, return x

2=

fec.contbr_employer

B, RAT L8 pivot_table Ry 5e IR AMHRML S Brd 24T H 45

TCEE -

In [201]:

......

In [202]:

In [203]:
Out[203]:
party
contbr_oc
ATTORNEY
CEO
CONSULTAN
ENGINEER
EXECUTIVE

PRESIDENT
PROFESSOR

'SELF-EMPLOYED"',
'SELF-EMPLOYED',

EMPLOYED'

by _occupation =

over_2mm

over_2mm

cupation

T

REAL ESTATE

RETIRED
SELF-EMPL

OYED

'NOT PROVIDED',

lambda x: emp_mapping.get(x, x)

'NOT PROVIDED

= fec.contbr_employer.map(f)

sR

7

'
)

Jr R BE RS H BEAAS 220075 55

fec.pivot_table('contb_receipt_amt’,

index="contbr_occupation’,

columns="party', aggfunc="sum")

= by _occupation[by_occupation.sum(1l) > 2000000]

Democrat

11141982.
2074974.
2459912.

951525.
1355161.

97
79
71
55
05

1878509.
2165071.
528902.
25305116.
672393.

95
08
09
38
40

[17 rows x 2 columns]

A PN BN

R, N P N D

Republican

.477194e+06
.211041e+06
.544725e+06
.818374e+06
.138850e+06

.720924e+06
.967027e+05
.625902e+06
.356124e+07
.640253e+06

X L SR AR BB R E G2 CbarhFRoxACHFAUIRE, nE14-12F7) -

In [205]: over_2mm.plot(kind="barh")
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SELF-EMPLOYED ™=

RE T R E D R

REAL ESTATE @™
PROFESSOR B
PRESIDENT =
PHYSICIAN .

.§ OWNER [

S NOT PROVIDED s
g MANAGER ™

! LAWYER D

*Cr:: INVESTOR [

(o)

EXECUTIVE [
ENGINEER W™
CONSULTANT [
CEO

ATTORNEY S e

0.0 0.5

1.0

1.5

party
I Democrat
I Republican

2.0 2.5
le7

PRATBERAR T fi— T % ObamafiRomney i H B AR e ML AN Al Dk, A5 x i ide N tAT
SreH, AR JE A AR B T A 48 1 26 A top K TV

def get_top_amounts(group, key, n=5):

totals = group.groupby(key)['contb receipt _amt'].sum()

return totals.nlargest(n)

ARG AR HRNV i - AT SR A

In [207]: grouped = fec_mrbo.groupby('cand_nm")

In [208]: grouped.apply(get_top_amounts,

out[208]:
cand_nm contbr_occupation
Obama, Barack RETIRED
ATTORNEY
INFORMATION REQUESTED
HOMEMAKER
PHYSICIAN

Romney, Mitt  HOMEMAKER
ATTORNEY
PRESIDENT
EXECUTIVE
ColEc@0

'contbr_occupation', n=7)

25305116.
11141982.
4866973.
4248875.
3735124.

8147446.
5364718.
2491244.
.03
1968386.

2300947

38
97
96
80
94

22

82

89

11

Name: contb_receipt_amt, Length: 14, dtype: float64
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In [209]: grouped.apply(get_top_amounts, 'contbr_employer', n=10)

Out[209]:

cand_nm contbr_employer

Obama, Barack RETIRED 22694358.85
SELF-EMPLOYED 17080985 .96
NOT EMPLOYED 8586308.70
INFORMATION REQUESTED 5053480.37
HOMEMAKER 2605408.54

Romney, Mitt CREDIT SUISSE 281150.00
MORGAN STANLEY 267266.00
GOLDMAN SACH & CO. 238250.00
BARCLAYS CAPITAL 162750.00
H.I.G. CAPITAL 139500.00

Name: contb_receipt_amt, Length: 20, dtype: float64

Xt B A 4

BT LS 2B A S — b AR S 2047 M cute® BOM 4 H B4R /IR B s s 2 2 A i
JeH:

In [210]: bins = np.array([0, 1, 10, 100, 1000, 10000,
000008 100000, 1000000, 10000000])

In [211]: labels = pd.cut(fec_mrbo.contb_receipt_amt, bins)

In [212]: labels

Out[212]:

411 (10, 100]
412 (100, 1000]
413 (100, 1000]
414 (10, 100]
415 (10, 100]
701381 (10, 100]
701382 (100, 1000]
701383 (1, 10]
701384 (10, 100]

701385 (100, 1000]
Name: contb_receipt_amt, Length: 694282, dtype: category
Categories (8, interval[inte4]): [(©, 1] < (1, 10] < (10, 100] < (100, 1000] < (1
000, 10000] <
(10000, 100000] < (100000, 1000000] < (1000000,
100000001 ]

BULE AT DURR S fige e N k4% DA K T e bR 2800 B B2 5 A 0 e e dt AT 7021, A 3 — MR
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In [213]: grouped = fec_mrbo.groupby(['cand_nm', labels])

In [214]: grouped.size().unstack(®)

Out[214]:

cand_nm Obama, Barack Romney, Mitt
contb_receipt_amt

(0, 1] 493.0 77.0
(1, 10] 40070.0 3681.0
(10, 100] 372280.0 31853.0
(100, 1000] 153991.0 43357.0
(1000, 10000] 22284.0 26186.0
(10000, 100000] 2.0 1.0
(100000, 1000000] 3.0 NaN
(1000000, 10000000] 4.0 NaN

MOXAHdfE o] UG, 7R/ BT T, Obamaik /3 [ 4E LkRomney £ 13 % . ki nl LAY H %t
WURMIFLET TC AR AL,  DAE BT AL Ros Pz e ide N5 MR B AURE A LE ] (LI 14-13) -

In [216]: bucket_sums = grouped.contb_receipt_amt.sum().unstack(®)

In [217]: normed_sums = bucket_sums.div(bucket_sums.sum(axis=1), axis=9)
In [218]: normed_sums

out[218]:

cand_nm Obama, Barack Romney, Mitt
contb_receipt_amt

(0, 1] 0.805182 9.194818
(1, 10] 0.918767 0.081233
(10, 100] 9.910769 9.089231
(100, 1000] 9.710176 0.289824
(1000, 10000] 0.447326 0.552674
(10000, 100000] 0.823120 0.176880
(100000, 1000000] 1.000000 NaN
(1000000, 10000000] 1.000000 NaN

In [219]: normed_sums[:-2].plot(kind="barh")
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cand_nm
ma, Barack
I Romney, Mitt

(10000, 1000001

(1000, 10000]

t amt

(100, 1000]

ip

I

(10, 100]

(1, 10]

(0,1]

o
o
[=
[
o©
Y
=
o
o
o)

HHEER TR TG, BN EEANE A BRI

W] ARHZ I M i RSO 22 AR AR AN CAidt R Amid, T DUAR I B Bl A Jek 42 Rl 2 of s 1047 56
By DMER IR NHEAT T 2 00ONIHRF, IREe N DGHEAT T — IR YOR AR . BB WR T
BIXEHIRIFH CHER T

MR ge it e g5 B
AR08 NN Xof Bt BE4T 3R & 2 5 A
In [220]: grouped = fec_mrbo.groupby([ 'cand nm', 'contbr_st'])

In [221]: totals

grouped.contb_receipt_amt.sum().unstack(9).fillna(®)

In [222]: totals = totals[totals.sum(l) > 100000]

In [223]: totals[:10]

Out[223]:

cand_nm Obama, Barack Romney, Mitt
contbr_st

AK 281840.15 86204.24
AL 543123.48 527303.51
AR 359247.28 105556.00
AZ 1506476.98 1888436.23
CA 23824984.24 11237636.60
co 2132429.49 1506714.12
CT 2068291.26 3499475 .45
DC 4373538.80 1025137.50
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DE 336669.14 82712.00
FL 7318178.58 8338458.81

IR AT PR LS SR B, B2 19 25500 N AE S M 1S SR B st L 1«

In [224]: percent = totals.div(totals.sum(1), axis=09)

In [225]: percent[:10]

Out[225]:

cand_nm Obama, Barack Romney, Mitt
contbr_st

AK 0.765778 0.234222
AL 0.507390 0.492610
AR 0.772902 0.227098
AZ 0.443745 0.556255
CA 0.679498 0.320502
co 0.585970 0.414030
CT 0.371476 0.628524
DC 0.810113 0.189887
DE 0.802776 0.197224
FL 0.467417 0.532583

14.6 245

PATCLTE VB R)E —5. hT —SBOMNI N A, AR IR .

AH IR CEASF T, PythonC oy 17— NatdT 0. iz EdR s = . IRAA
BRI, AR — BUN A P . Ay AR 4K AR AR A
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XM, REWANuMPYEREEA . X fhndarray 88 A F#BI4E7T, FISE &2 1 20
BAEFIEE

AFAAE T LA R, AR AL

A.1 ndarray X % 1 4 S L

NumPyffindarray$ fit 7 — o Al pca e O] DUR SR sl i) ke o 2 e K977 0. 1B
PR Z TR BIROASRE, BdR2RA (dtype) i€ T HUERIIMRET A, thind sifle, B Ai/RfE
£

ndarray 45 K 156 2 i R BT A B 20 Gl e B B ) — N s FE AL (strided view) o fRTTRE
AN TE B A B a2, - A AT AT B 1 R R A4 o U, ndarray A R g — AR AT —
Ndtype, BILHHEEE, XMAGHAHRELS D (step size) {ENFH 5. BHEMHIE,
ndarray A i B DL A 25 2H 1k

o —MRREHE (NAFBA AU SO F A i —BesiE ) ifa4t

o Kl KAsldtype, JIALERA I E RAMERIFE T

o —~NEIHAIIR (shape) [17t4l.

o —NESRETTA (stride) , HAEEEHRIR N 1 HTHER L AT4ERL N — D u s/ 2l T

FIA-1 a7 Bt 158 BH 1 ndarray i) P 845 1)

7

ndarray object

data
-
( dtype J[ shape J strides J

filtn, —AN10x51 %, HIERA(10,5):

In [10]: np.ones((19, 5)).shape
out[10]: (16, 5)

—ANAI) (CIRRE, R K E4nibiR) 3x4x5(floate4 (8/FFi) ¥4, HiEEFF H(160,40,8)
—— FEE AR A N, B, B AN RO, AN AT VSR TR A R K
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In [11]: np.ones((3, 4, 5), dtype=np.float64).strides
Out[11]: (160, 40, 8)

EIRNumPY I AR 20 B AL 05 BE AR DB R, (B ATT A0 2 My el A SR ) A 4L AL P ) 22 A
o EEEER LGRS, RPN R RS, B D) Frobj[:-1]5kobj[:, - 1] At
FEIXFEI o

NumPyZ 4 S5 RAK £

PREJBEMR /R T B AP AT E SR SRR, FA. FFr 5 aPythonsf % . RNEF S EUH
FRIRZ (Mfloat16Ffloat128) , ¥iKidtypese & JE T 5N KM TAEIEH EBi. FiBH&,
dtype#lif5s — 2R (Helninp.integerfiinp.floating) , ‘B 417 LLERNp.issubdtype pfi £ 45 &1 1 -

In [12]: ints = np.ones(10, dtype=np.uintil6)
In [13]: floats = np.ones(19, dtype=np.float32)

In [14]: np.issubdtype(ints.dtype, np.integer)
Out[14]: True

In [15]: np.issubdtype(floats.dtype, np.floating)
Out[15]: True

I F dtypemro 5 v Bl o] & 5 HfT A 11 A0 35

In [16]: np.float64.mro()
Out[16]:
[numpy.floaté64,
numpy .floating,
numpy.inexact,
numpy . number,
numpy .generic,
float,
object]

IEECELF

In [17]: np.issubdtype(ints.dtype, np.number)
Out[17]: True

K7 NumPYH] P 58 4 AN 2 1 X SRR, (ERX SRR RIS REIR BT . A28 1
dtype1zt/% u&@%%’é?%/\o
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generic [—»| number »| integer —»| unsigned int

——»| signed int

——»| inexact [—»| floating

—»| complex

——| character »|  string_

——| unicode_

—»|  bool_

————| object_

A.2 S A B

Bt R G VA ARSI SRR R 24, B ERAE T e IRZ . EfhpandasH i
% pR R LU FRACHE o M AR PV 2 EARUESS, (B IR A T B S — LeAE B A R AN 2R
s H%

HHEY

ZHAGOLT, ARAT A EHMEMEdE, s SN MR 71— AR R i e i sk
177 ikreshapefe A — AR AR e AL RIAT SERLZ H . i, ARBCH — > —4e8d, JAw
SR EHON R (R LEA-3) -

In [18]: arr = np.arange(3)

In [19]: arr
Out[ ]: ar'r‘ay([ > » 4o > > > Oy ])

In [20]: arr.reshape((4, 2))
Out[20]:
array([ 1,
1,
1,

[
[
[
[ 1D

- - - -
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o|1(2 |3 (456|789 ]|10M

arr.reshape((4, 3), order=?)

C order (row major) Fortran order (column major)
0|12 04|38
31415 11519
6 |7 |8 216110
9110 | 11 317 |1
order='C’ order='F'

2 YR R R EE

In [21]: arr.reshape((4, 2)).reshape((2, 4))
Out[21]:
array([[o, 1, 2, 3],

[4, 5, 6, 71])

TERSERTR Ferb —4E R DL — 1, R 4E L AR/ B B A S 4 i ok«

In [22]: arr = np.arange(15)

In [23]: arr.reshape((5, -1))

Out[23]:

array([[ @, 1, 2],
[ 3 4, 51,
(6 7, 8],
[ 9, 1o, 11],
[12, 13, 14]])

reshape—AE B AL 10y 2 R I3 S REAH I (KB SIE W FR O AL (flattening) BT

(raveling) :

In [27]: arr = np.arange(1l5).reshape((5, 3))
In [28]: arr

457



out[28]:

array([[ ¢, 1, 21,
[ 3, 4, 5],
[ 6, 7, 8],
[ 9, 10, 11],
[12, 13, 14]])

In [29]: arr.ravel()
out[29]: array([ @, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14])

R LR FFMESRIGEAME, ravel A=A REIEREIA . flatten 7% 14T 8Z T ravel,
AN IR (e B Bl A

In [30]: arr.flatten()
Out[30]: array([ ©¢, 1, 2, 3, 4, 5, 6, 7, 8, 9, le, 11, 12, 13, 14])

H2H T DA B SO A B BT o XX NumPy T R Ut & — A LR 6 1) 8, T LATE R — /)
P RATR L TP A [

CHlIFortran/lii ¢

NumPy F8 V7R B 3% s A A8 A A T (A = o BRIAEOL T, NumPy 341 1247 8 S iy 61
FEM . EREITH, KBRS, MY, BT IR IR A AR A A E B
Ml 3 — MR 2SI, & RWRE RS T B U A7 IAEAR B A B R

HI L8y R, AT ANFIAR S 3 oy 5 R 9 CHIFortranliify . fEFORTRAN 77+, J 5 4= #
FEBIILSEHT .

%reshapefirevaliX £ 1%L, # 0T LA — AN RN B B A7 007 orderZ 4. — i n] bA
R'CEH'F GEHAFIKEA T HIED, BAAESENumPY SR o EA-3XFIGIEAT T 308

In [31]: arr = np.arange(12).reshape((3, 4))

In [32]: arr

out[32]:

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

(O]

In [33]: arr.ravel()
out[33]: array([ @, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11])

In [34]: arr.ravel('F")
Out[34]: array([ ¢, 4, 8, 1, 5, 9, 2, 6, 1o, 3, 7, 11])
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o|1(2 |3 (456|789 ]|10M

arr.reshape((4, 3), order=?)

C order (row major) Fortran order (column major)
0|12 04|38
31415 11519
6 |7 |8 216110
9110 | 11 317 |1
order='C’ order='F'

TR AR YA AR A N B (ILEIA-3) . CHIFortranifi s it s X ) mlt 2 45 1
AT BENT T«

o CHATALSEIN: JeZid mmI4efs (Blin, H1de THiogAbE) .
o Fortran/FIfLSF: Jngeid HmrI4efis (lan, Hosse Thip b .

AW &I AMIr o

numpy.concatenate ij LA% 48 i@ s — N B 781 (e, PIERS) ERER .

In [35]: arrl = np.array([[1, 2, 3], [4, 5, 6]])

In [36]: arr2 = np.array([[7, 8, 9], [10, 11, 12]])

In [37]: np.concatenate([arrl, arr2], axis=0)
Out[37]:
array([[ 1, 2, 31,

[ 4, 5, 6],

[ 7, 8 2],

[1e, 11, 12]])

In [38]: np.concatenate([arrl, arr2], axis=1)
Out[38]:
ar\r‘ay([[ ) ) ) ) 3 ]J

[ B B B B ) ]])
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KT DL AR, NumPy$fit 7 — S LU A @ 1 J777%  (Wivstackflhstack) o ik, Bz
LA LARIE A :

In [39]: np.vstack((arrl, arr2))
Out[39]:
array([[ 1, 2, 3],

[ 4, 5, 6],

[ 7, 8, 9],

[10, 11, 12]1])

In [40]: np.hstack((arrl, arr2))
Out[40]:

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

SR, splith] T4 — MBI 45 2 ik 7 o 245l
In [41]: arr = np.random.randn(5, 2)

In [42]: arr

out[42]:

array([[-0.2047, ©.4789],
[-0.5194, -0.5557],
[ 1.9658, 1.3934],
[ ©.0929, 0.2817],
[ ©.769 , 1.24641])

In [43]: first, second, third = np.split(arr, [1, 3])

In [44]: first
Out[44]: array([[-0.2047, ©0.4789]])

In [45]: second

Oout[45]:

array([[-90.5194, -0.5557],
[ 1.9658, 1.3934]])

In [46]: third

Out[46]:

array([[ ©.0929, 0.2817],
[ ©.769 , 1.24641])

e N FEnp.splitfIE[1, 3R R LR R 51 4k 7 HI4 A

RAVFBNH T A R T EALEZRAG s KL, e L 08 107 838 W E R S 12 £t
7.
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EEE

concatenate

vstack. row_stack
hstack

column_stack

dstack

split

hsplit. vsplit. dsplit

WtHA

— ML EEE, A FHEE—EHE
PEETHA RN HEHRTES (CAH0)
PEEI AR EEHRTES CRH)
KA Fhstack, ERSEE—HEEEBRN AT E=E
MEE “FRE BARXHRAH#TES CRH#H2)
BIEEMES EMAL ERSHE
split BB R L, D AER0. 1. 3#THRD

HESHIBNZE: rile

NumPy i 44 23 8] H A P ANRF IR A R——rRllc, EATTRT DASHZE (Y HE B 1 A BE O v«

In [47]: arr = np.arange(6)

In [48]: arrl

In [49]: arr2

In [50]: np.r_[arrl, arr2]

Out[59]:
array([[ ©. >, 1.

[ 2. , 3.

[ 4. 5 S
[ 1.0072, -1.2962
[ ©.275 , ©0.2289
[

1.3529, 0.8864]])

1
1,
I
1
I,

arr.reshape((3, 2))

np.random.randn(3, 2)

In [51]: np.c_[np.r_[arrl, arr2], arr]

Out[51]:

array([[ ©. , 1.
2. , 3.
4. , 5.

3

)

3

0.275 , ©.2289,
1.3529, 0.8864,

B AT LUK D) R e 4 A A

In [52]: np.c_[1:6, -1O:
out[52]:
array([[ 1, -10],

[ 2, -°1,

[
[
[ 1.0072, -1.2962,
[
[

_5]

vi p W N PO

1
15
1,
1
1s
1D
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[ 3, '8])
[ 4: '7])
[ 5 -61D

rFlcif) BRI REiE 2 2% H Uk,

LR EEEE: tileMrepeat

Sof H4H AT B A DA AR B KA ) T T B repeat filtileiX N . repeate B8 4H &N G
FREE—EIRE, r=E—A T KA

In [53]: arr = np.arange(3)

In [54]: arr
out[54]: array([@, 1, 2])

In [55]: arr.repeat(3)
Out[55]: array([e, ©, 0, 1, 1, 1, 2, 2, 2])

A0 BRHABRAT A RARIE S (WIMATLAB) A, NumPy iR/ B it E 5
(replicate) . XEERRK AN #E (broadcasting, FATEAE N — TR IHRZIEAR) fEE IFHh

T R %K

BOAEOL T, R AR — DB, MBI TR S BRI ALK AR N2 —HBH,
FICER BT LU B A R K

In [56]: arr.repeat([2, 3, 4])
Out[56]: array([e, o, 1, 1, 1, 2, 2, 2, 2])

XIT 24, e LR eI T R de e i E A
In [57]: arr = np.random.randn(2, 2)

In [58]: arr

Out[58]:

array([[-2.0016, -0.3718],
[ 1.669 , -0.4386]])

In [59]: arr.repeat(2, axis=0)
out[59]:
array([[-2.0016, -0.3718],
[-2.0016, -0.3718],
[ 1.669 , -0.4386],
[ 1.669 , -0.4386]])
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TR, WIREAH B, MBHSR T, XA RIREE SR, R, 7EX 24887
AR, A DM AN —HEAL, IR & S D) AR

In [60]: arr.repeat([2, 3], axis=0)
out[60]:
array([[-2.0016, -0.3718],
[-2.0016, -0.3718],
[ 1.669 , -0.4386],
[ 1.669 , -0.4386],
[ 1.669 , -0.4386]])

In [61]: arr.repeat([2, 3], axis=1)

Out[61]:

array([[-2.0016, -2.0016, -0.3718, -0.3718, -0.3718],
[ 1.669 , 1.669 , -0.4386, -0.4386, -0.4386]])

tile fr) T RE AL W 15 52 il 0 HE B AL A BIAS . (3R] DATE GHCRs H A8 G i e

In [62]: arr

Out[62]:

array([[-2.0016, -0.3718],
[ 1.669 , -0.4386]])

In [63]: np.tile(arr, 2)

Out[63]:

array([[-2.0016, -0.3718, -2.0016, -0.3718],
[ 1.669 , -0.4386, 1.669 , -0.4386]])

BoASHCEEREIECE . MR, BRI, AR EEMB. B E
AN AT R (1 e

In [64]: arr

out[64]:

array([[-2.0016, -0.3718],
[ 1.669 , -0.4386]])

In [65]: np.tile(arr, (2, 1))
Out[65]:
array([[-2.0016, -0.3718],
[ 1.669 , -0.4386],
[-2.0016, -0.3718],
[ 1.669 , -0.4386]])

In [66]: np.tile(arr, (3, 2))

out[66]:
array([[-2.0016, -0.3718, -2.0016, -0.3718],
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.669 , -0.4386, 1.669 , -0.4386],
.0016, -0.3718, -2.0016, -0.3718],
.669 , -0.4386, 1.669 , -0.4386],
.0016, -0.3718, -2.0016, -0.3718],
.669 , -0.4386, 1.669 , -0.4386]])

—_ —_——
RN RN R

HERZE I WEN KL takeflput

FEFAT RTATIL, SRR B 1 — AN I il i B A A R U T
In [67]: arr = np.arange(10) * 100
In [68]: inds = [7, 1, 2, 6]

In [69]: arr[inds]
Out[69]: array([700, 100, 200, 600])

ndarrayit G H & 772 H T RN il e BRI X

In [70]: arr.take(inds)
Out[7@]: array([700, 100, 200, 600])

In [71]: arr.put(inds, 42)

In [72]: arr
out[72]: array([ ©, 42, 42, 300, 400, 500, 42, 42,800, 900])

In [73]: arr.put(inds, [4@, 41, 42, 43])

In [74]: arr
out[74]: array([ ©, 41, 42, 300, 400, 500, 43, 40, 800, 900])

BRI B FAf Ftake, R & Naxis BRI ] :
In [75]: inds = [2, @, 2, 1]
In [76]: arr = np.random.randn(2, 4)
In [77]: arr
Out[77]:
array([[-0.5397, ©.477 , 3.2489, -1.0212],

[-8.5771, ©.1241, 0.3026, 0.5238]])

In [78]: arr.take(inds, axis=1)
out[78]:
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array([[ 3.2489, -0.5397, 3.2489, 0.477 ],
[ ©.3026, -0.5771, ©0.3026, 0.1241]])

puthizZaxisZ 8, &R MM N LA (—4k, Clify) LT Rs5l. B, f£FZEHRE
fildl A R 51 E TR, RAFIE R AR

A3 %

J"4% (broadcasting) #&KIEANFTARIIEA Z B FEAZHIPATI e B —FrARH KK )
e, HMESL NRE, MERLRFEREZTHRMMN. RbrE E R & I w2 A i 5
(4%

In [79]: arr = np.arange(5)

In [80]: arr
out[80]: array([0, 1, 2, 3, 4])

In [81]: arr * 4
out[81]: array([ o, 4, 8, 12, 16])

KHEIAT: EIXADIFIEHE A, EEAST %) T AR PrA TR B

&M, FATRT LIS 5SS 77 SO0 B AL R — AT RSP A AL B XA ] R
SRR i 5.

In [82]: arr = np.random.randn(4, 3)

In [83]: arr.mean(©)
Out[83]: array([-0.3928, -0.3824, -0.8768])

In [84]: demeaned = arr - arr.mean(9)

In [85]: demeaned
out[85]:

array([[ ©.3937, 1.7263, 0.1633],
[-0.4384, -1.9878, -0.9839],
[-0.468 , ©.9426, -0.3891],
[ 0.5126, -0.6811, 1.2097]])

In [86]: demeaned.mean(9)
Out[86]: array([-0., ©., -0.])
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FA-4IE QIR Tz fe . 1 3 A7 sSOMATREAT BT AL AL BE R ORI — 28, S2i8 ), A
TG — 5 RN, AIRYEE AOME A2 AT AR H BB AR S 4R CRUann — e84 S0k 24771
B .

(4,3) (3,) (4,3)
1123 ] 1] 2

+
Il

22l W N
S|l | AW

3
4
5

TRAEET

[ & E =
de R BN 0)E B4k & (trailing dimension, BPAREFIHALEZL) ik
BAKRLF—F0IKENL, MAACMNRTHEEG, THEAREA (R)
KEH109 %R E#AT,

BRIE L AR F FHINuMPYE T, (HAR 2435 TR ik B AR R S JE . fokE —
NERSEIABIT, ARBARA EX AT FIME . B1Farr.mean(0)KE N3, FirbA'E Al AYE
O i) LidbAT ) . DoNarri)Ja G 4EfE23, Prel el fea . MRIZEN, ZAE 1 h i Bk
CBIBATIEAT P EMED » BN B AR L A (4,1):

In [87]: arr

out[87]:

array([[ ©.0009, 1.3438, -0.7135],
[-0.8312, -2.3702, -1.8608],
[-0.8608, ©.5601, -1.2659],
[ ©.1198, -1.8635, ©.3329]])

In [88]: row_means = arr.mean(l)

In [89]: row_means.shape
out[82]: (4,)

In [99]: row_means.reshape((4, 1))
out[99]:
array([[ ©.2104],

[-1.6874],

[-0.5222],
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[-0.2036]])
In [91]: demeaned = arr - row_means.reshape((4, 1))

In [92]: demeaned.mean(1)
Out[92]: array([ 0., -0., 0., ©0.])

KIA-53LH] 1 Zis H AR

(4,3) 4,1) (4,3)
01010 1 1 1 1
11111 2 3 (313

-F —_—

21 2| 2 3 51515
3 (313 4 71717
el
FA-GER T BAN—FhiE M, XIKELE— =B 0% Ay b —A> —4E %4 .
(3,4,2) 4,2) (3,4,2)

] ]
] ]
0|1L 0| 1 0|2 L
2 | 3 2 |3 | 4|6 L

-F. —
4 |5 L 4|5 | 8 |10 L
v
6 | 7 6 | 7 . 12 | 14 rI

AR Y

e AE LR FE LT SE A LR AR, T SE R e e R . A IRANR, IR 1S ) T T

KFE AR
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ValueError Traceback (most recent call last)
<ipython-input-93-7b87b85a20b2> in <module>()

----> 1 arr - arr.mean(l1)

ValueError: operands could not be broadcast together with shapes (4,3) (4,)

A2 5 I I SR I8 S R AR A P PO B2 A R O A A A A el ) B 4 AR T 8 10 iR
W, BB SR A AU o AR BTEIANMT AR B 7, XSRS EOR AT BB R TR
ARAZF5(4,1) A (4,):

In [94]: arr - arr.mean(l).reshape((4, 1))
Out[94]:
array([[-0.2095, 1.1334, -0.9239],
[ ©.8562, -0.6828, -0.1734],
[-0.3386, 1.0823, -0.7438],
[ ©.3234, -0.8599, ©0.5365]])

T =GR OL, AR =GR AR 4 Bk s th g S N R . AT
] T AR = AR R YL ) R IR R

BAKARTIR: B, 5, 3) 2. (8, 5, 1)

e: (5, 3) (e 1 cs, 1, 3)
(1, 5, 3)

TRBA T — AR 8 OUHREEAEETD , BRI T iR — R
Wil HARreshapese — AN ik, HF AR EMIE — MRS HIRIR T . R —MRARR i
FEo PAtt, NumPy%cd et 7 —Fhimid 2 51 WL AN B R R E T . R T BRI I8 I Rk 1
np.newaxis & £ PL A “ 4" Y] Fr Keddi A ¥l :

In [95]: arr = np.zeros((4, 4))
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In [96]: arr_3d = arr[:, np.newaxis, :]

In [97]: arr_3d.shape
out[97]: (4, 1, 4)

In [98]: arr_1d = np.random.normal(size=3)

In [99]: arr_1d[:, np.newaxis]
out[99]:
array([[-2.3594],

[-0.1995],

[-1.542 1])

In [100]: arr_1d[np.newaxis, :]
Out[100]: array([[-2.3594, -0.1995, -1.542 ]])

PRI, GRIATH — =4 84L, JFA EXR2BEAT BT AL, A R #2405 N i X AR A A st e]
LA

In [101]: arr = np.random.randn(3, 4, 5)
In [102]: depth_means = arr.mean(2)

In [103]: depth_means

out[103]:

array([[-0.4735, ©0.3971, -0.0228, ©.2001],
[-0.3521, -0.281 , -0.071 , -0.1586],
[ ©.6245, ©0.6047, ©.4396, -0.2846]])

In [104]: depth_means.shape
out[1e4]: (3, 4)

In [105]: demeaned = arr - depth_means[:, :, np.newaxis]

In [106]: demeaned.mean(2)

Oout[106]:

array([[ 6., ., -0., -0.],
[ ., ©., -0., ©.],
[ 0., 0., -0., -0.1])

ALETHEATRER AR, (EXTEE MEEAT BT, A 37— P Bl F SO RE R D7 W8 2 skbs B
S, AHTE 5] J7 T T

def demean_axis(arr, axis=0):

means = arr.mean(axis)

# This generalizes things like [:, :, np.newaxis] to N dimensions
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indexer = [slice(None)] * arr.ndim
indexer[axis] = np.newaxis
return arr - means[indexer]

BN R G ERL )

ORISR 3 IO R il Tl R ST L i BB R o X TRl s o, 3K
AT XA -

In [107]: arr = np.zeros((4, 3))
In [108]: arr[:] =5

In [109]: arr

out[109]:

array([[ 5., 5., 5.1,
[ 5., 5., 5.1,
[ 5., 5., 5.1,
[ 5., 5., 5.11)

2, B ENTEE — A — 484Uk E B AR %51, RELIEARF AR BT L T

In [110]: col = np.array([1.28, -0.42, 0.44, 1.6])
In [111]: arr[:] = col[:, np.newaxis]

In [112]: arr
Out[112]:

array([[ 1.28, 1.28, 1.28],
[-0.42, -0.42, -0.42],
[ 0.44, 0.44, 0.44],
[1.6, 1.6, 1.6 11)

In [113]: arr[:2] = [[-1.37], [©.509]]

In [114]: arr

Out[114]:

array([[-1.37 , -1.37 , -1.37 ],
[ ©.509, 0.509, ©0.509],
[ 0.44 , 0.44 , 0.44 ],
[1.6 , 1.6 , 1.6 11)

A.4 ufunc = 2% N H
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BIRVFZ NumPy H1 7 A 2 2058 F o8 BT Bt PO i e R Ras 55, (HIE ] s sk br B — 4k
e R AREREAE BATEIHIEIA IS S H S vt A AR

ufuncsL 5 7 %

NumPy[# %A —Joufunc#ii s — S THUTH @ R B IZ F IRFA T 15 . RA-2IC 8 T iX 7%,
TN TR LA BAR P e AT T A

reducei% — MM SH, B — RV —cid B AT RS THEEHRD o Flun, &
A177] LA np.add.reduce i £ 41 i & AN o & HEAT SR AN

In [115]: arr = np.arange(10)

In [116]: np.add.reduce(arr)
Out[116]: 45

In [117]: arr.sum()
Out[117]: 45

EIGEI T ufune Cf TraddiE i, 20D o WREE THI'S, 298008 Hm 2 iz am T .
AR BE ] — R LA Tt K 7 A AF IR L R L A 5o AE R I, BAITH
np.logical_and 6 & £ 41 %47 FE 2 152 A R 19

In [118]: np.random.seed(12346) # for reproducibility
In [119]: arr = np.random.randn(5, 5)
In [120]: arr[::2].sort(1l) # sort a few rows

In [121]: arr[:, :-1] < arr[:, 1:]

out[121]:

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

[ True, True, True, True]], dtype=bool)

In [122]: np.logical_and.reduce(arr[:, :-1] < arr[:, 1:], axis=1)
Out[122]: array([ True, False, True, False, True], dtype=bool)

7, logical_and.reduceffall 5 iZ 2254 ().

ccumulatefiRreduce )5 R il f cumsumERsum ) 5% RIABEE . B =4 — AN IR R B4l A MR T R
B R E £ A
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In [123]: arr = np.arange(15).reshape((3, 5))
In [124]: np.add.accumulate(arr, axis=1)
out[124]:

ar‘r‘ay([[ @) 1, 31 6, 19])

[ 5, 11, 18, 26, 35],
[10, 21, 33, 46, 60]])

outer ] T 5PN E 4L XA -

In [125]: arr = np.arange(3).repeat([1, 2, 2])

In [126]: arr
out[126]: array([9, 1, 1, 2, 2])

In [127]: np.multiply.outer(arr, np.arange(5))

out[127]:

array([[o, 0, 0, 0, 0],
[6, 1, 2, 3, 4],
[e, 1, 2, 3, 4],
[0, 2, 4, 6, 8],
[0, 2, 4, 6, 8]])

outer i 45 SR AR 4 5 1 A N\ BSHts 1R 48 B2 R
In [128]: X, y = np.random.randn(3, 4), np.random.randn(5)
In [129]: result = np.subtract.outer(x, y)

In [130]: result.shape
Out[130]: (3, 4, 5)

5 Ja—/ M7 iZreduceat ] T 5l 2 fai”,  Hsgml & — A0 i % U1 317 5 & figroupbyia
o e WA TR WA RHE AT IR 0 R A I T Tl 5

In [131]: arr = np.arange(10)

In [132]: np.add.reduceat(arr, [0, 5, 8])
Out[132]: array([16, 18, 17])

& EE R A Earr[0:5]. arr[5:8]VA Marr[8:] L HATHIZIf . BRH A vk —A4f, X B PIEAN—A
axisZ

In [133]: arr = np.multiply.outer(np.arange(4), np.arange(5))
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In [134]: arr
Out[134]:
array([[ @,
[ o
[ 9,
[ o

)

3

9,
1,
2,
3

3

-

-

a AN O
(%

O OO W o
-
(0]
—
-

-

In [135]: np.add.reduceat(arr, [0, 2, 4], axis=1)

Out[135]:
array([[ ©
[ 1,
[ 2
[ 3

o],

41,

&l,
121D

RA-212.45 7 H o jufunc /i i .

ik
reduce(x)

accumulate(x)

reduceat(x, bins)

outer(x, y)

1t AR

BYEERTREZENARANEHTRES

REE, REMERHREER

“BER” 97 (L Egroupby) . ABMBEHNE IR UFERE
ik |

MxFyFHNENTENARREZEE., EREEDF R Ax.shape +
y.shape

9% 5 # iufunc

A 2RO ARG S H L AINumPy ufuncs. fi i LA FINumPy C AP, {H'E L T A4
FIEE. fEATT, FATYFZERE I Python ufunc.

numpy.frompyfunct% 32 —>Python i £ L& AN 70 il o Nt 2808 E M 24 Flin, R
& — B S TG 21 G (1 T R R 4

In [136]: def add_elements(x, y):

return x + y

In [137]: add_them = np.frompyfunc(add_elements, 2, 1)

In [138]: add_them(np.arange(8), np.arange(8))
Out[138]: array([o, 2, 4, 6, 8, 10, 12, 14], dtype=object)

Fifrompyfunc ] 2 it i s 2R [ Python X R84, X — MR E. Eige, ©fF 73— 7
%%, Elnumpy.vectorize. HEARI A frompyfuncil 4 sk, (HA] ALERTE & i 28 .
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In [139]: add_them = np.vectorize(add_elements, otypes=[np.float64])

In [140]: add_them(np.arange(8), np.arange(8))
Out[14@]: array([ ©., 2., 4., 6., 8., 1le., 12., 14.])

BRI 7 — M e ufunc R T B (HEATEARRE, BOVEAMETT e o R
HREHAT — IR Python BB B0, 1X 5t 25 EENumPy H 77 f) 3 T CHjufuncl2 R £ .
In [141]: arr = np.random.randn(10000)

In [142]: %timeit add_them(arr, arr)
4.12 ms +- 182 us per loop (mean +- std. dev. of 7 runs, 100 loops each)

In [143]: %timeit np.add(arr, arr)
6.89 us +- 504 ns per loop (mean +- std. dev. of 7 runs, 100000 loops each)

KERER, RENAEFHNumba Chttp:/numba.pydata.org/) , A H#Python ufuncs.

A5 SR AE R A

RATRECAVERR T, BIHACAEIRA I8 fndarray 5 /& — bRl BB 5 4%, it vl, 8
PR KINAEET, &R SR E8OAE CR IR RYEdtyperig) » W& LR, EUFARE
2o e R A A Mt . S5 — Rl ik findarray, o i) %A 7o 3 ] LR C
EE IS (struct, IXHUZ S HTHSR) BSQLE H A7 2/ i 44 7 BUIAT -

In [144]: dtype = [('x', np.float64), ('y', np.int32)]

In [145]: sarr = np.array([(1.5, 6), (np.pi, -2)], dtype=dtype)
In [146]: sarr

Out[146]:

array([( 1.5 , 6), ( 3.1416, -2)],
dtype=[('x", '<f8"), ('y', '<id")])

E X it ftdtype GEZHENumPYTEL SR M RAIRE . SR INERIGAHSIR, &
4% M (field_name field_data_type). iX#f, FAMTRBA 7 ol S, Ed 2P £
F AT UM S A RE AT Vg ) -

In [147]: sarr[@]
out[147]: ( 1.5, 6)

In [148]: sarr[0]['y']
Out[148]: 6
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TR RAFEdtype.names @ M . FEVS I G5B ROIEAS 7 BUR, R B Z R AL, P
PAAN S A= s S -

In [149]: sarr['x']
Out[149]: array([ 1.5 , 3.1416])

ik Edtypefl £ 47 Bt
1E5E &5 thdtypelt, /RA] LR E— MR (AT LU — N8, W] BLE—Nood) -
In [150]: dtype = [('x', np.int64, 3), ('y', np.int32)]
In [151]: arr = np.zeros(4, dtype=dtype)
In [152]: arr
Oout[152]:

array([ ([0, 0, @], @), ([e, o, @], @), ([e, o, @], @), ([e, @, 0], @)],
dtype=[('x', '<i8', (3,)), ('y', '<ia")])

FERXAEDLR 2 ME I T B8R i — NS -

In [153]: arr[@]['x']
Out[153]: array([e, @, 0])

XA, rlaar X RIAT A3 2 —A> 4SS AT IS b 4R

In [154]: arr['x']

Out[154]:

array([[2, 9, @],
[e, o, 0],
[e, o, 0],
[e, e, e]])

LR REF B S N AF AP IR 2R RS R . /I TT EAik B dtype, {1 Y BE R %454 o
N AR BT

In [155]: dtype = [('x', [('a’, "f8"), ('b", "f4")]), ('y', np.int32)]
In [156]: data = np.array([((1, 2), 5), ((3, 4), 6)], dtype=dtype)

In [157]: data['x']

Out[157]:

array([( 1., 2.), ( 3., 4.1,

dtype=[('a’, '<f8'), ('b', "<f4")])
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In [158]: data['y']
Out[158]: array([5, 6], dtype=int32)

In [159]: data['x"]['a"]
Out[159]: array([ 1., 3.1)

pandasif|DataFrameJf N L Friz iR, (HEMDERFINHRIE N ZAZ

N A B SR

PipandasftiDataFramefHLt, NumPy 2545 & — R X BRI T R . enl LU BN A7
B RN B LR ERRES RN .. BT A G R AR R N e 17
T, ATDASE RIS e TR A AR R PO S A R S (BRSNS L T
HE o

SERMCEUHIG T — AN E WRERE, B SO S O KA R, X R CHIC+HHAURS i L ) %L
WML TBL QLA G L B RGP HAEIRAERD o« RBRE SRR e RN TR
Ty FE AR BER RS |, HAT DL A np. fromfile R A N AE . XA A T AR RIS
B, SOIEIXASETLLT .

A.6 5 Z A7 AR R

ERPython N B 513 —FE, ndarrayffisortsi il 75 2 ity . M2 ii, HHWERENH
G AN 7 AL

In [160]: arr = np.random.randn(6)
In [161]: arr.sort()

In [162]: arr
Out[162]: array([-1.082 , ©0.3759, ©0.8014, 1.1397, 1.2888, 1.8413])

FEXT B BEAT U 7 I EE R — AL AR AAREEH A — DA, W R84 R 2 iz o
In [163]: arr = np.random.randn(3, 5)
In [164]: arr
out[164]:
array([[-0.3318, -1.4711, 0.8705, -0.0847, -1.1329],
[-1.0111, -0.3436, 2.1714, 0.1234, -0.0189],

[ 0.1773, ©.7424, ©0.8548, 1.038 , -0.329 ]])

In [165]: arr[:, ©].sort() # Sort first column values in-place
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In [166]: arr

Out[166]:

array([[-1.0111, -1.4711, ©.8705, -0.0847, -1.1329],
[-0.3318, -0.3436, 2.1714, 0.1234, -0.0189],
[ ©.1773, 0.7424, ©0.8548, 1.038 , -0.329 1])

R numpy.sorte AR E A AR — AN CHDFREIA . R4h, 2S5 (inkind) R
ndarray.sort—#¥:

In [167]: arr = np.random.randn(5)

In [168]: arr
Out[168]: array([-1.1181, -0.2415, -2.0051, ©0.7379, -1.8614])

In [169]: np.sort(arr)
Out[169]: array([-2.0051, -1.1181, -1.0614, -0.2415, ©.7379])

In [170]: arr
Out[170]: array([-1.1181, -0.2415, -2.0051, ©0.7379, -1.8614])

KA TR R AT DA 52— axis S8, DUEIRE & Sl ) 0f 25 SO gE 4T B o 7
In [171]: arr = np.random.randn(3, 5)

In [172]: arr

Out[172]:

array([[ ©.5955, -0.2682, 1.3389, -0.1872, 0.9111],
[-0.3215, 1.0054, -0.5168, 1.1925, -0.1989],
[ ©.3969, -1.7638, 0.6071, -0.2222, -0.2171]1])

In [173]: arr.sort(axis=1)

In [174]: arr

Out[174]:

array([[-0.2682, -0.1872, ©.5955, ©.9111, 1.3389],
[-0.5168, -0.3215, -0.1989, 1.0054, 1.1925],
[-1.7638, -0.2222, -0.2171, ©.3969, ©0.6071]1])

RATREVER R T, XPANHET 78T g i BT . HSnX I pmil, RN &=k
ME (HFRET, AerErA, WATRELMEAMRYTHE T o 2 Pythonf F #HR 4K —
M RIIER N TG values[:-1]7T LUR [Bl—AN P FIER . Xindarray th 72 4t :

In [175]: arr[:, ::-1]
Out[175]:
array([[ 1.3389, ©0.9111, 0.5955, -0.1872, -0.2682],
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[ 1.1925, 1.0054, -0.1989, -0.3215, -0.5168],
[ 0.6071, ©.3969, -0.2171, -0.2222, -1.7638]])

#2247 . argsortflllexsort

TR 3BT TAE, W T EARE — N E AN R R AT HEY . B, — /M RS AE B
PR TTRET UM HATH Y QR E42) o X2 MR — M7, an AR B s %
pandas(f& i, Wi WA DEmBHIT T . HE— DA, IRET LIS EI—A i
BRI R 1B (BORVIMAR ARG, AR SHE T T ERERINT T MALE . argsort
Hinumpy.lexsortsfi & SEHLZ DI RE > T E 700 A2 — AR S

In [176]: values = np.array([5, @, 1, 3, 2])
In [177]: indexer = values.argsort()

In [178]: indexer
out[178]: array([1, 2, 4, 3, @])

In [179]: values[indexer]
Out[179]: array([@, 1, 2, 3, 5])

—ANEERIGT, IR B AR YE B B A7 AT
In [180]: arr = np.random.randn(3, 5)
In [181]: arr[@] = values

In [182]: arr

Out[182]:

array([[ 5. , 0. , 1. , 3. , 2. 1,
[-0.3636, -0.1378, 2.1777, -0.4728, 0.8356],
[-0.2089, ©0.2316, ©0.728 , -1.3918, 1.9956]])

(O]

In [183]: arr[:, arr[@].argsort()]

Out[183]:

array([[ 9. , 1. s 2. s 3. 9 B 1,
[-0.1378, 2.1777, ©.8356, -0.4728, -0.3636],
[ ©.2316, ©0.728 , 1.9956, -1.3918, -0.2089]])

(O]

lexsortilargsortZEAN %, RAREE AT DA— e toxd 2 M EEH AT EEH . CRip) o Rididr]
REOR — Be DU M2 AR TR I EE AT R«

In [184]: first_name = np.array(['Bob', 'Jane', 'Steve', 'Bill', 'Barbara'])

In [185]: last_name = np.array(['Jones', 'Arnold', 'Arnold', 'Jones', 'Walters'])
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In [186]: sorter = np.lexsort((first_name, last_name))

In [187]: sorter
out[187]: array([1, 2, 3, @, 4])

In [188]: zip(last_name[sorter], first_name[sorter])
Out[188]: <zip at ©x7fa203edalc8>

NIFT 4648 F lexsort I s AT GE2x LU By 2k, 3K R B AR R LY o M e J — MR N B SRS
M. AXEAH, last_names& s Tfirst_nametl i F i
21 SeriesfliDataFrameftjsort_index VL & Seriesfjorder /s 2l A& i i 1% £ & £ 1 A7 {4
CEANTE LI FEERIAED SZILIK .

HoAthHE 7 5%

TEN) (stable) HEFHERRIFEM TTR AR AL E . X AR XL B A S b R SO S L ] 4 1
FPimE, X H .

In [189]: values = np.array(['2:first', '2:second', '1:first', 'l:second',
ceeeat '1:third'])

In [190]: key = np.array([2, 2, 1, 1, 1])
In [191]: indexer = key.argsort(kind="'mergesort")

In [192]: indexer
out[192]: array([2, 3, 4, 0, 1])

In [193]: values.take(indexer)

Out[193]:

array(['1l:first', 'l:second', '1:third', '2:first', '2:second'],
dtype="'<U8")

mergesort (&IEHERF) £ME—RIRREHF, BHRIEAO( log n)IMERE (FHEARE) , HEH
1k e ELER A [Fquicksort (CHROEHEE) ZE2 ., RA-3FH 1 7 F 4R 5005 K HA ¢ 1 PEREFE 5
KB 58 AN B ATE IR S AR Y, {H T — T RS

kind wE BRER TE=0g RIRRIE R
'quicksort’ 1 &= 0 O(nz)
'mergesort’ 2 = n/2 O(n log n)
'heapsort' 3 &= 0 O(n log n)
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o HE P EU

e 8 B 12— 7] R i B ok Bl /M e . NumPy A ML 77, numpy.partition
Flnp.argpartition, 1] PATE S5k /N7 2 K1 40 1 04

In [194]: np.random.seed(12345)
In [195]: arr = np.random.randn(20)

In [196]: arr

Out[196]:

array([-0.2047, ©0.4789, -0.5194, -0.5557, 1.9658, 1.3934, 0.0929,
0.2817, ©0.769 , 1.2464, 1.0072, -1.2962, ©.275 , 0.2289,
1.3529, 0.8864, -2.0016, -0.3718, 1.669 , -0.4386])

In [197]: np.partition(arr, 3)

Out[197]:

array([-2.0016, -1.2962, -0.5557, -0.5194, -0.3718, -0.4386, -0.2047,
0.2817, ©0.769 , ©0.4789, 1.0072, 0.0929, ©0.275 , ©0.2289,
1.3529, ©0.8864, 1.3934, 1.9658, 1.669 , 1.2464])

2 0Rif Hpartition(arr, 3), 45 RASL=ATCR BN =AY, B RE T .
numpy.argpartition 5numpy.argsortti1El, 2xik[El %51, HEAEE N T -

In [198]: indices = np.argpartition(arr, 3)

In [199]: indices

Out[199]:

array([16, 11, 3, 2, 17, 19, e, 7, 8, 1, 1@, 6, 12, 13, 14, 15, 5,

4, 18, 9])

In [200]: arr.take(indices)

Out[200]:

array([-2.0016, -1.2962, -0.5557, -0.5194, -0.3718, -0.4386, -0.2047,

©.2817, ©.769 , 0.4789, 1.0072, 0.0929, 0.275 , ©.2289,
1.3529, 0.8864, 1.3934, 1.9658, 1.669 , 1.2464])

numpy.searchsorted: 7THFHAFELITHR

searchsorted & —/NMEA P A _EHAT o BRE 77, HEREESE N B E IR B AL B 5t
RedERF B PPk

In [201]: arr = np.array([@, 1, 7, 12, 15])
In [202]: arr.searchsorted(9)
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out[202]: 3

PRAT A N —H LR 2] — AR 5] .

In [203]: arr.searchsorted([©, 8, 11, 16])
Out[203]: array([9, 3, 3, 5])

M ETH R R AT DA H, %7050, searchsorted2x iR [H10. 3 & KA HER AT v i [ AH 554
A EMRG

In [204]: arr = np.array([@, 0, 0, 1, 1, 1, 1])

In [205]: arr.searchsorted([©, 1])
Out[205]: array([@, 3])

In [206]: arr.searchsorted([©, 1], side='right")
Out[206]: array([3, 71)

Pk F searchsorted [t 75—/ MV, BBEIRATAE — MRS LR {EAE0R]100002 8]) , &
B NRR TGO, AV 3 e B L7 5 7T

In [207]: data = np.floor(np.random.uniform(©, 10000, size=50))
In [208]: bins = np.array([0, 100, 1000, 5000, 10000])

In [209]: data

out[209]:

array([ 9940., 6768., 7908., 1709., 268., 8003., 9037., 246.,
4917., 5262., 5963., 519., 895e., 7282., 8183., 5002.,
8101., 959., 2189., 2587., 4681., 4593., 7095., 1780.,
5314., 1677., 7688., 9281., 6094., 1501., 4896., 3773.,
8486., 9110., 3838., 3154., ©5683., 1878., 1258., 6875.,
7996., 5735., 9732., 6340., 8884., 4954., 3516., 7142.,
5039., 2256.])

RGN TSRS HEE s R X A 9 5 (LR 13RI 78[0,100)) 5 FRATTAT AEL A A

searchsorted:

In [210]: labels = bins.searchsorted(data)

In [211]: labels

out[211]:

array([4, 4, 4, 3, 2,
3, 4, 3, 4, 4,
3, 4, 4, 3])
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i1t pandasigroupby (i FH 12 45 S BRI AT JE 5 A Hhoof R a8 EAT 5 70

In [212]: pd.Series(data).groupby(labels).mean()
Out[212]:

2 498.000000

3 3064.277778

4 7389.035714

dtype: float64

A.7 FHINumbaZs 5 i NumPy bR £

Numba& — M TEIH, & LUFFICPUs. GPUsELH: & {4 A2 INumPY 5 1) 2 i ef
. BEHATLLVMIEHE (http:/livm.org/) , #PythonfCh%H: i a2 ACHS .

AT HNumba, k7 [E—AN4RE [ Python g 2, B ff FHforfli M+ 5k K (x - y).mean():

import numpy as np

def mean_distance(x, y):
nx = len(x)
result = 0.0
count = @
for i in range(nx):
result += x[i] - y[i]
count += 1

return result / count

H

XA AR«
In [209]: x = np.random.randn(10000000)
In [210]: y = np.random.randn(16000000)

In [211]: %timeit mean_distance(x, y)
1 loop, best of 3: 2 s per loop

In [212]: %timeit (x - y).mean()
100 loops, best of 3: 14.7 ms per loop

NumPy IR AR ZE L BB 10065 . FATAT LS HIX AN B B0 9 13 FINumba g 2, 4 Finumba. jit e
.

In [213]: import numba as nb
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In [214]: numba_mean_distance = nb.jit(mean_distance)

] LA e i 4 -

@nb.jit
def mean_distance(x, y):
nx = len(x)
result = 0.0
count = @
for i in range(nx):
result += x[i] - y[i]
count += 1
return result / count

B R ELKINUMPY R :

In [215]: %timeit numba_mean_distance(x, y)
100 loops, best of 3: 10.3 ms per loop

Numba /a4 B PythonfUhid, (H'E X Er4liPythonS (K)—ANER4r, W LA S Bl H %

Numbas& —MRBERIE, SCREZ R, gmiebiURm A P EfE. e8] BLgw BENumPy Python API
(—8455, A HforfEH . Numbath iT LRSI AT LT DL A8 GRS 1) 45 i ik, {H /245 R
CPython API, “E i ANREE LA 4% . Numbalfjitsh 0 —AM%&51, nopython=True, ‘&M T 1l
DA 4 N Pythonf R AR, X LEAAS AT PAG P NLLVM, (B ATAETPython C AP .
jit(nopython=True) A — ™ & £ [1) 7] 4 numba.nijit.

AT, FRATIE AT DU AE S «
from numba import float64, njit
@njit(float64(float64[:], float64[:]))

def mean_distance(x, y):

return (x - y).mean()

FEAUARE I Numbaffy 28 3RS Chttp://numba.pydata.org/) . F T/ 4H A1 & X
Numpy ufuncx} G 11+

FINumbafl] 2 H & X numpy.ufuncXf %

numba.vectorize )& T — M iEHINumPy ufunc, ‘&5 K & HufunciB%. % E— P numpy.addi
Pythonfl-+:

from numba import vectorize
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@vectorize
def nb_add(x, y):

return X + y

PAEA -
In [13]: x = np.arange(10)

In [14]: nb_add(x, x)
out[14]: array([ ©., 2., 4., 6., 8., 1e., 12., 14., 16., 18.])

In [15]: nb_add.accumulate(x, 9)
out[15]: array([ ©., 1., 3., 6., 10., 15., 21., 28., 36., 45.])

A.8 = J A i N\ i H

WAEF4T R, np.savefinp.load ] H T 5 EHL ULk dilkg AAAE 184 . iy — 1
THEATHAFEANE &M 5 . BHAENENE (memory map) , "EAE/REEALFRAE N AE T A T Y

N A7 AR A

AT WG SO & —FhoRe e AL b R AR ) gt i 50 SO A i 9 A7 AR I B A7 A R i 7 5K
NumPysEHL 7 — AR T ndarray fimemmapXf %, & SU VR KSR BN BT IR S, AN & —
MR AN AN NAE . 7356, memmaptfilA IR IEEH Tk, Bk, JEA B R E5E
A& H T-ndarray 1) 555 #i 58 H T-memmap.

TAVE— AWML, 7T LU B inp.memmap fAE N — A SO AR . B AL, AR LA ST
R

In [214]: mmap = np.memmap( ' 'mymmap', dtype='float64', mode="w+',
et shape=(10000, 10000))

In [215]: mmap

Out[215]:

memmap([[ ©., ©., s eens b s 0.1,
[ 6., ©., s eees 5 > 0.1,
[ 8., ©., s eens 5 » 0.1,
ceey
[ 0., 0., 0., ..., 0., 0., 0.],
[ 0., ©., ©., ..., 0., 0., 0.],
[ 0., ©., 0., ..., 0., 0., 0.11)
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Xfmemmap ] R 2 3R [RIRA E XE0TE AL

In [216]: section = mmap[:5]

U AR HR U 2 X LU B SR A AE A (LB Python i SCHXS 50, 1 M flush
HIEIPER RPN ¥

In [217]: section[:] = np.random.randn(5, 16000)
In [218]: mmap.flush()

In [219]: mmap

Out[219]:

memmap([[ ©.7584, -0.6605, ©0.8626, ..., 0.6046, -0.6212, 2.0542],
[-1.2113, -1.8375, ©0.7093, ..., -1.4117, -0.1719, -0.8957],
[-0.1419, -0.3375, ©0.4329, ..., 1.2914, -0.752 , -0.44 1],

*)

[ o. , o. , 0. y ..., 0. , o. , o. 1,
[ o. , o. , 0. , ..., 0. , o. , o. 1,
[ o. , o. , O. s e, 0. , o. , o. 1)

In [220]: del mmap

RESEA WG TR, Bt g e ss i, 2 prst H T A E e s = e 5 A
Bidt. AT A CEAFERI AR, 3R T ER AR SRR, ROvREE: B A S
Hg—se—ghlddam e, S EmoidsE:

In [221]: mmap = np.memmap( 'mymmap', dtype='float64', shape=(16000, 10000))

In [222]: mmap

Out[222]:

memmap([[ ©.7584, -0.6605, ©0.8626, ..., ©0.6046, -0.6212, 2.0542],
[-1.2113, -1.0375, ©.7093, ..., -1.4117, -0.1719, -0.8957],
[-0.1419, -0.3375, ©0.4329, ..., 1.2914, -0.752 , -0.44 1],

.«

[ o. , 0. , o. s eee, O. , 0. , o. 1,
[ o. , 0. , O. s eee, O. , 0. , 0. 1,
[ o. , 0. , O. s eee, O. , 0. , 0. 1)

P A A AT LUE P AT A 48 i 25 R AL Bk £ ditype

HDF5 }7 FoAh B 2H A7 it 7 =0
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PyTablesAlh5pyix # 4> Pythoni H 7] LLE NumPy %5 20 B0 174 4 i 24 H. AT B 45 I HDF 5% X
(HDF & B E AL B MR o IRA] LL2 2ok iy )L E GB R ETBIIEE 174% WHDF5#4 K.
#1225 Pythonfdi FIHDF5, i%%#%pandasZk b 04Y.

A.9 T HEH X

i FINumPyY GRS PR RE— BUERR AT, BPUAVEALE 5 — A tL 4l Python B RIS 2 . T IREL
FIH T — R B R ST

o K Python i Al 2% (18 i e R U2 s A /R 12 5
o REAMH #.

o WAEMIHIE, REMALAHARE TR .

o FHufunc i HAFh 71k

W F L NumPy E 16 a el # AN B B 75 i M Refe AR, Bl LB E— N HC. Fortrang{Cython (&
TEMUNA—T) KmBERG. AL TIEFREHE 2HBICython (http:/cython.org) , K4
EARIERIRK LK S1uiae 5 2ICHE = EEM MRS

ELENAF I EEE

BARXME A S AR REH, ERRER T, BOATERERN S, B m WA A /]
DI T332 32 3 AR K IR o I PR Pk RE Z2 04— e REFE FERCPUR Rk 2247 (cache) 1A%
AR, RS UTRESAAAE (B, X CACHTFF A B AT RAD — o i trify, BN
WAF T RAE N IE U N AF A7 B R L1 8L2CPU Cache. Ib4h, NumPy[ICiEi 5 JAi
G CRte) W ESAFERITE LT TR, IR e S — L B A7 T )

— AN ARG SRR LR, W e E S UEA TR MY (EPFortranZy (Ffk
Je) BCHY (AT D FAEIENAFT . BRIMEDL T, NumPy#d @& DLC AU S 77 =B .
SIS (LhinCARUE S R B D AR AFortranBi%4: . J#idndarrayfiflags)@ 4 Rl AT
R IXEE(E

In [225]: arr_c = np.ones((1000, 1000), order='C")
In [226]: arr_f = np.ones((1000, 1000), order="F")
In [227]: arr_c.flags

Out[227]:
C_CONTIGUOUS : True
F_CONTIGUOUS : False
OWNDATA : True
WRITEABLE : True
ALIGNED : True
UPDATEIFCOPY : False
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In [228]: arr_f.flags

out[228]:
C_CONTIGUOUS : False
F_CONTIGUOUS : True
OWNDATA : True
WRITEABLE : True
ALIGNED : True
UPDATEIFCOPY : False

In [229]: arr_f.flags.f_contiguous
Out[229]: True

FEXAM T, XA EL AT HEAT SR AN, #Ri8 EUE, arr_c4xtbarr B, [ Jvarr _cHIATEN
TR RSN . BATAT LAZEIPython ] Y%timeit KAl — T :

In [230]: %timeit arr_c.sum(1)
784 us +- 10.4 us per loop (mean +- std. dev. of 7 runs, 1000 loops each)

In [231]: %timeit arr_f.sum(1)

934 us +- 29 us per loop (mean +- std. dev. of 7 runs, 1000 loops each)

WRAEMNumPy HEEFPERE, X HEEINIZ A2 FFRIH T . G SR BCE I N AF T A FF SR ESR,
1 F copyFFAE N'C'al'F' R AT fift e iZ 7] 5t .

In [232]: arr_f.copy('C").flags
out[232]:

C_CONTIGUOUS : True

F_CONTIGUOUS : False

OWNDATA : True

WRITEABLE : True

ALIGNED : True

UPDATEIFCOPY : False

R, EREBHRAER, HERA—ERELN:

In [233]: arr_c[:50].flags.contiguous
Out[233]: True

In [234]: arr_c[:, :50].flags
Oout[234]:
C_CONTIGUOUS : False
F_CONTIGUOUS : False
OWNDATA : False
WRITEABLE : True
ALIGNED : True
UPDATEIFCOPY : False
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2, IRAI2E] T IPython shellflJupyter notebook () 3kfl. A&, A2 IPython B 1%
JEUREITRE, AT A & B AE jupyterfdi H .

B.1 fi < P 2

IpythonZE 7 1 — M TRESL I /N EEEZE, T RESITIIR SRR L. ERTERA:

o HWHEAMEN, ez, ANSMPATLRTS T RTE S
o {EAN[Flsession Al AF w2 1 5
o B H SN D7 B — AN

xeefeftshellt, Ztinotebook I, K Jynotebook M sk it Fo g A A4yt A AU I 2]
BRI T

RRMEL G a4 M52

Ipython Al AR VR ZR AN AT Z A AR B A Ay o XA TIREARH A M, DR IR AT RE 75 22 A
TR A4, Blin%rundr &, BT BIRIRL AE AT :

In[7]: %run first/second/third/data_script.py

AT, ARER A AR, RO EATHE . Y L SAUF 5L T data_soriptpy. {RAETT A
A% runds 4, ARIFHCHIHPE ik, SREMTTELZ it 4, LA T 4.
KARCHI+PE ik, LA R A4, MAREIIF R EHIT R 4, REREN . KT D% T
CUrl-NS F sk, IRTRSENIT Hdn 4 o BORER T JLUCR AT LU 22 iy T i |

Ctrl-RA] LL Sk i [FUnix X & shell (Ettnbash shell) [fireadline 352> 3448 2 Tt . £ Windows
I, readlineZi 58 & #IPython 45 (1. EAEHIXANDhRE, JEiZCtrl-R, SREHMA—Sa & T AT
AR B R ) A

In [1]: a_command = foo(x, y, z)

(reverse-i-search) com': a_command = foo(x, y, z)
Ctrl-R&AEH P s, FREIL FFFHIRE—1T

N\ R A H AR

R B 0 55 A R AE RSN . IPythonfty—A-session & 76— AMFFRAERL, 11k
41 )0 LI PythonRE LA L. RUTTRI ML £ A BIRTE (A FRIZ R (B TR
R

In [24]: 2 ** 27
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Out[24]: 134217728

In [25]: _
Out[25]: 134217728

NS RAFREAE AL T RUI_X AR, XEMATHHw S . X TR MR, #A— DX
WA s X. UL ERAS7TT 2 G, AP E_27 Gaid) M_i27 GaAd :

In [26]: foo = 'bar'

In [27]: foo
Out[27]: 'bar’

In [28]: _i27
Out[28]: u'foo’

In [29]: _27
Out[29]: 'bar'

KA N B 7558, B4R B Python ) execoe s 7 B AT

In [30]: exec(_1i27)

XH, i27RAEIn [27)5 N A

A LA BEAR R BT DALARR] P S A g P s . Yohisti] LAFT BN AT BER 70 (AN 52, n_ BB
b4 . Y%resetn] LLEFEAZ B v 44 25 [6], B N A HH 2247 . Yoxdel BEA pf £ ] LL 2B IPython
H—ANRE R R A 5 . TR TXEEAR AN E L NE, EEE Y.
ik, AR ARE R HIEEHREER, BACEIPython 4 R4 H i B sk 238 ol 51 50 S AN
Wb mse CREIN AT, BIERf Fl deloctt 7 S Hoan 44 2 M B AR & . ERXFE LT,
/I FH xdel % Fl%resetn] DL B A4k i 50 B N P A7 0] 7

B.2 5¥fE R H

IPython ) 53 — M DyRE 2 TEEER A RGMRIE R G . KEWE, (EFREILEHN, THEH
IPython, i i] LA WindowsEiUnix i FH i AT #4E, Gifshelldn 4. T HFE. HPythontf %
BIRB R fRfgas R A fw R dr 2 m 4 M H x BT 6e .

KB-1545 7 Hshellir & AR R EATE L. RESTE NN 4R LT RE.
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e )

lemd £ 7 5t shell $1.47 cmd

output = lemd args imfTrun, 7E output 71 stdout
%alias alias_name cmd A= REHSEXTE
Y%bookmark EMH IPython HEXBER G

%cd directory HERGNITEEXRIEANNER
%pwd RESFNRELEER

Y%pushd directory BLRIERMEER L, FTEEEXABHFER
Y%popd B E N ERMEEENE X
%dirs REEEYF] B RN

td hist FTERARIERN B R

Y%env RERGHHIEESHF 5L
%matplotlib B2 & matplotlib HYIEIN

Shellfi 2 F1 5 4

MBS IG—AT, & VRIPYthonhATIUS IR I FA WA . XA IR AT DA BR SO (GR35
fE&4%, MrmaldeD . o8 H BT AEM HAb Ay £

AR LS, RN E PG A TR G4 . BN, ZEFRBCM LT Linux
FIEMNL L, FATLASRAFIPHLIE N Python s &

In [1]: ip_info = lifconfig wlan@ | grep "inet "

In [2]: ip_info[@].strip()
Out[2]: 'inet addr:10.0.0.11 Bcast:10.0.0.255 Mask:255.255.255.0"

iR [El I Pythontf Rip_infoSifr g —A B E HIFIERER, ER&E L MRA RIS G
LfEH]Y 5 IPythoni® il U g UAE A HT MR I Pythonff . ZEX A, ] LAFEAR & 44 i b0 b

$l\-/v 1

KNS
In [3]: foo = 'test*'

In [4]: !'1s $foo
test4.py test.py test.xml

Yoalias B A B& H 7] LA E X shelldir & HIHREE TS o B — ]S

In [1]: %alias 11 1s -1

In [2]: 11 /usr
total 332
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drwxr-xr-x 2 root root 69632 2012-01-29 20:36 bin/
drwxr-xr-x 2 root root 4096 2010-08-23 12:05 games/
drwxr-xr-x 123 root root 20480 2011-12-26 18:08 include/
drwxr-xr-x 265 root root 126976 2012-01-29 20:36 lib/
drwxr-xr-x 44 root root 69632 2011-12-26 18:08 1ib32/
lrwxrwxrwx 1 root root 3 2010-08-23 16:02 libe4 -> lib/
drwxr-xr-x 15 root root 4096 2011-10-13 19:03 local/
drwxr-xr-x 2 root root 12288 2012-01-12 09:32 sbin/
drwxr-xr-x 387 root root 12288 2011-11-04 22:53 share/
drwxrwsr-x 24 root src 4096 2011-07-17 18:38 src/

RATELAT 242, s Em AT —#, AT SEEIT:

=

In [ ]1: %alias test_alias (cd examples; 1ls; cd ..)

In [ ]: test_alias

macrodata.csv spx.csv tips.csv
Ysession4i i, RE LAk EAIREARMAY, TEMHEE.

HxH2% R4

IPythonty — /Ml B H S B RSE, AT LAARARORAZ & H 300 40, SXFEAEBERBE 25 AU 2>
WO Blin, BRI 1, TRIAA R AR

In [6]: %bookmark py4da /home/wesm/code/pydata-book

oz )G, A %cdBEAR T4, #ia] LMEH E %
In [7]: cd py4da

(bookmark:py4da) -> /home/wesm/code/pydata-book
/home/wesm/code/pydata-book

WRBZEMAT, S TR —NHERES, RALUEH-brERES, SHBENME.
18 F %bookmark [1J-13E 51, AT LAE H BT AT 11 15 2%

In [8]: %bookmark -1
Current bookmarks:
py4da -> /home/wesm/code/pydata-book-source

P, MHLAFE, fEsession (Al &R

B.3 B R TH
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b TAE IR T A B A AR R R 5L, IPythontl & A &K Python Bk -1 & T H. . fEH# 71
Mrep, B ZAREA EFRARLE. 202, IPythonE% M T AN T Python Py & pdb i
WA B, FEPUEMAG. XTI, IPythonfg 5 T HARISTHI AT TR . RaSTEM
TR T A,

Far

IPython )i il as Htabth 4= TEIRIE IR IZ4T 52 W B EAE 5% 1 pdb. 0GRS IR foe (I T 2 I
KRR BEREZ RPN %debug, HURZ 7S, BRI R HEHAEZ

In [2]: run examples/ipython_bug.py
AssertionError Traceback (most recent call last)
/home/wesm/code/pydata-book/examples/ipython_bug.py in <module>()
13 throws_an_exception()
14
---> 15 calling_things()

/home/wesm/code/pydata-book/examples/ipython_bug.py in calling_things()
11 def calling_things():

12 works_fine()
---> 13 throws_an_exception()
14

15 calling_things()

/home/wesm/code/pydata-book/examples/ipython_bug.py in throws_an_exception()

7 a=>5
8 b==¢6

---=>9 assert(a + b == 10)
10

11 def calling_things():

AssertionError:

In [3]: %debug
> /home/wesm/code/pydata-book/examples/ipython_bug.py(9)throws_an_exception()

8 b=2=¢6

—-==>9 assert(a + b == 10)
10

ipdb>

—HBENPRAS, AR T DT AE = B Python i, 7R HEARMEJE hAS 25 T B0 R AN 80
(R R 2 RFFEATEER « BUAR MR KA RIRGIT4G. @ity (up) Ad (down) , fRHT
CAAEAS [F) S 200 0 HE AR B2 V1 46k -
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ipdb> u
> /home/wesm/code/pydata-book/examples/ipython_bug.py(13)calling_things()

12 works_fine()
---> 13 throws_an_exception()
14

AT %pdbrir 2, A LA R AATA R 5 Lk IPython H 20 E 2 K ES, 152 H - 2 RILX A D RedE &
g

FA RS H BT R AR AR AR 5, 5 2 2R A5 S 5 B W s el rE R SR AR [ R 3, DAL B A AP
BUPIRZS . 2 M IR aT LBl 56— M2l %runfl-d, ‘&S fEHAT M N A AT A0 HS 2 B
PR EE . RA1D Figs (step) DAHENJHIA:

In [5]: run -d examples/ipython_bug.py

Breakpoint 1 at /home/wesm/code/pydata-book/examples/ipython_bug.py:1
NOTE: Enter 'c' at the ipdb> prompt to start your script.

> <string>(1)<module>()

ipdb> s
--Call--
> /home/wesm/code/pydata-book/examples/ipython_bug.py(1)<module>()
1---> 1 def works_fine():
2 a=>5
3 b==26

SR, R AT LR Gl TAE . ldn, TERTTH IS4, AT AR E — AW, whreii A
works_fineZ 1, SAGIZATIHIA, fEIERIW Sk %c (continue) :

ipdb> b 12

ipdb> ¢

> /home/wesm/code/pydata-book/examples/ipython_bug.py(12)calling things()
11 def calling_things():

2--> 12 works_fine()
13 throws_an_exception()

X, ARA] Pstepidt Aworks_fine(), Bii@id4%n (next) #iTworks_fine(), #AT—47:

ipdb> n
> /home/wesm/code/pydata-book/examples/ipython_bug.py(13)calling_things()
2 12 works_fine()
---> 13 throws_an_exception()
14
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NG, FRATAT LA Athrows_an_exception, Zik K AEFIRIN—1T, BFLE. FE, WilEENam
LIRIEA B AR, AR EAFIH NS ! 7] LA 25

ipdb> s

--Call--

> /home/wesm/code/pydata-book/examples/ipython_bug.py(6)throws_an_exception()
5

----> 6 def throws_an_exception():
7 a=>5

ipdb> n

> /home/wesm/code/pydata-book/examples/ipython_bug.py(7)throws_an_exception()

6 def throws_an_exception():

oo 7/ a=>5
8 b==26

ipdb> n

> /home/wesm/code/pydata-book/examples/ipython_bug.py(8)throws_an_exception()
7 a=>5

----> 8 b=26
9 assert(a + b == 10)

ipdb> n

> /home/wesm/code/pydata-book/examples/ipython_bug.py(9)throws_an_exception()
8 b==¢6

---=>9 assert(a + b == 10)
10

ipdb> la

5

ipdb> !b

6

F Al A B A AR I AR B TR Rk S AT . KB-2, FIH T A K as dr 2o W RARSI5E 1
IDE, FRATRESEAT &b 1R S — THE 2 AT, Rl ier . —2EPythonfXJIDESH 1R
I GUIHES, EFENT HIHL -

495



e e

h{elp) BromLdlE

help command &7~ command Y34

c(ontinue) BENITIERF

q(uit) REERSE AMEEZAE

b(reak) number 7 LB XY S number TR E RS

b FEIEE RIS number TR EBTS
path/to/file.py:number

s(tep) HNFEOE B

n(ext) HITHEfT, FHEHERIRRN T 17
u(p)/d(won) FEREIFR%E FHE T

a(rgs) BTREFIRMNSE

debug statement FFHH (E17) FRBHITH L statement
I(ist) statement ELHFENRT, BrEpEN L TX
w(here) FIENE BN R TSR ER LT X

ik A ke 1 ey s

A — Iy TAER DLH BRI . 25— A28 R T set_tracerfi 2 (M4 pdb.set_tracedii %
1), XA EH AR IR R (R —FE, KA 2] IPython ¥ id
B

from IPython.core.debugger import Pdb

def set_trace

Pdb(color_scheme="Linux"').set_trace(sys._getframe().f_back)

def debug :
pdb = Pdb(color_scheme="'Linux")

return pdb.runcall(f, *args, **kwargs)

H— R fiset_tracedbH i . WIRARAE RIS ToREATAF ARG & (bhln kA5 2 A1), ArbL
TEARKS A TAr[ 57 B 5 F set_trace:

In [7]: run examples/ipython_bug.py
> /home/wesm/code/pydata-book/examples/ipython_bug.py(16)calling_things()

15 set_trace()
---> 16 throws_an_exception()
17

fic (continue) A] LALRARRS 4k 4L 1E 7 173k
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HATRIE 1 debug ki, AT LALEARTS A8 (17 I8 FIAE ] o R0 (8 kA o BRBERANTS 1 — A N
B, BBEL e RIEHE.

def f
tmp = x +y
return tmp / z

HmE e, B Bi(1, 2, z=3). TEBINS, KHENE DS HLES% debug, FRRH B A
pAZE S Cisutaf

In [6]: debug(f, 1, 2, z=3)
> <ipython-input>(2)f()

1 def f(x, y, z):
cooed 2 tmp = x +y

3 return tmp / z

ipdb>

XA IET A T3P BRI 8]

e, WA AT LA Y%orun—i Ml . AL IZ 1T Y%run -d, AT DL ELRERE N TR ICES Bl R s L
RIF R BAIA

In [1]: %run -d examples/ipython_bug.py

Breakpoint 1 at /home/wesm/code/pydata-book/examples/ipython_bug.py:
NOTE: Enter 'c' at the ipdb> prompt to start your script.

> <string>(1)<module>()

ipdb>

I E-b AT 5, AT AT A
In [2]: %run -d -b2 examples/ipython_bug.py

Breakpoint 1 at /home/wesm/code/pydata-book/examples/ipython_bug.py:2
NOTE: Enter 'c' at the ipdb> prompt to start your script.
> <string>(1)<module>()

ipdb> ¢

> /home/wesm/code/pydata-book/examples/ipython_bug.py(2)works_fine()
1 def works_fine():

1---> 2 a=>5
3 b==¢6

ipdb>
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REGiTR): %time 1 %timeit

X RN [B] 2 AT B 7 BT S S R T REAy B0 AN ) 4L A B St o S50 P 3 0 1) AT I
] ARAT AR KIIE TS B8 B0 RO TRl iRl . 232 52, IPython o] RULE/RIT A AN ARSI, 1R
B D MIRAFIR LS B

T3 A time S A 1) % £ time. clockflltime timeZ5 ACHG TNy, BEELE W EE, KR AEE 1t
ToB AR A AR -

import time

start = time.time()

for i in range(iterations):
# some code to run here

elapsed_per = (time.time() - start) / iterations

KA e — MR E B EAE, IPython G AN EAR KL, %timefl%timeit, 7T LLHZILIXAN T,

%timesizty —RiEA], & LSILHHATHIE . REEATE — N KR EIIER, AT EBRAFE
B AT LRI A Sk R R B 7. XA — AN S 60000077 HI5 2, FIPEAN Tk, FLL
1% i foo F 3k 745 £ -

# a very large list of strings
strings = ['foo', 'foobar', 'baz', 'qux',
'python', 'Guido Van Rossum'] * 100000

methodl = [x for x in strings if x.startswith('foo')]

method2 = [x for x in strings if x[:3] == 'foo']

BERENTITERER 1% FZK, (AFHINE? H YtimedtAT— FIllE:

In [561]: %time methodl = [x for x in strings if x.startswith('foo')]
CPU times: user 0.19 s, sys: 0.00 s, total: ©.19 s
Wall time: ©.19 s

In [562]: %time method2 = [x for x in strings if x[:3] == 'foo']
CPU times: user 0.09 s, sys: 0.00 s, total: 0.09 s
Wall time: ©.09 s

Wall time (wall-clock timeffIfi 5 ) & FEITER . BN AN HENFEL, HEXFR
73R AER . WS Yotime Z2 RN, Rk a R INAE B4R . AR HERf, W] DAfE
FH%timeit B AR B $. A FR—41B4], EREZIGSITIX IR IS F)— AN A uErf it i Ta) .

In [563]: %timeit [x for x in strings if x.startswith('foo')]
10 loops, best of 3: 159 ms per loop
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In [564]: %timeit [x for x in strings if x[:3] == 'foo']
10 loops, best of 3: 59.3 ms per loop

XA T fEPythonbr#EE . NumPy. pandasflH e FE AT RE IR A ME AT 1 K TR 7

Bref, X AD I Al R !

Yotimeiths il & 73 AT N (AL B A R Bk 2, B RAMAD BN R . X SEI [B] W] BE R R Z AN E
L, (ER 20500 (K BR BRAT 1 1 T IR — S IAD K e B A58 72 B — M, JRATTAT
CAELRZLLAC I AN 747 S 484, DL T e AR PERERS A

In [565]: x = 'foobar'’

'foo'

In [566]: y

In [567]: %timeit x.startswith(y)
1000000 loops, best of 3: 267 ns per loop

In [568]: %timeit x[:3] ==y
10000000 loops, best of 3: 147 ns per loop

FEfl 4T %prunfl%run -p

ARG SRS X RIRER, BT e IR B RIAEAE TR, PythonEZE 1) /b T H &
cProfilefsisl, &I ARR T IPython. cProfiles 4T — MEF BT & KD E, FaIREEa Ak
AT I TE]

fi i cProfile 38 % 5 SURAE Ay AT s AT — B BAER, Hth B> s B BB 18] BORIRA T —
AR I TER A AT R B ARBUZ A (T3 — R 51 11100x 1005 B 1) e K280 RFAEAED -

import numpy as np

from numpy.linalg import eigvals

def run_experiment(niter=100):
K = 100
results = []
for _ in xrange(niter):
mat = np.random.randn(K, K)
max_eigenvalue = np.abs(eigvals(mat)).max()
results.append(max_eigenvalue)
return results
some_results = run_experiment()

L)

print 'Largest one we saw: %s' % np.max(some_results)

YRAT LU cProfileiz AT 3X AMAIAS, A8 1 R ) i 4T :
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python -m cProfile cprof_example.py

BATZ G, R RO LR . X HERE R I 18] 24 R, el -sta e
R

$ python -m cProfile -s cumulative cprof_example.py
Largest one we saw: 11.923204422
15116 function calls (14927 primitive calls) in ©.720 seconds

Ordered by: cumulative time

ncalls tottime percall cumtime percall filename:lineno(function)
1 0.001 0.001 0.721 0.721 cprof_example.py:1(<module>)

100 0.003 0.000 0.586 0.006 linalg.py:702(eigvals)
200 0.572 0.003 0.572 0.003 {numpy.linalg.lapack_lite.dgeev}
1 0.002 0.002 0.075 0.075 __init__.py:106(<module>)
100 0.059 0.001 0.059 0.001 {method 'randn')
1 0.000 0.000 0.044 0.044 add_newdocs.py:9(<module>)
2 0.001 0.001 0.037 0.019 __init__ .py:1(<module>)
2 0.003 0.002 0.030 0.015 __init__.py:2(<module>)
1 0.000 0.000 0.030 0.030 type_check.py:3(<module>)
1 0.001 0.001 0.021 0.021 __init__ .py:15(<module>)
1 0.013 0.013 0.013 0.013 numeric.py:1(<module>)
1 0.000 0.000 0.009 0.009 __init__ .py:6(<module>)
1 0.001 0.001 0.008 0.008 __init__ .py:45(<module>)
262 0.005 0.000 0.007 0.000 function_base.py:3178(add_newdoc)
100 0.003 0.000 0.005 0.000 linalg.py:162(_assertFinite)

HE7RHRET1517. Hfficumtimedl, 7T LA Sy 30E &R s BN 1 200 E] . iR — Ao T
HERH, HIFARIEIE. cProfile it AR R BN IR A EE A 8], A EATEAT THI

b T Em 2T, cProfileth mf ITEFREF AR, A WHEEACIEE, 1A BIE T HEE .
Ipython ¥ %prunf%run -p, A E 4 #1350 SZILX A ThEE . Y%prunfili HI 344l cProfile ) fir 41T 1% 15,
{HSE 7] LA BT AT 2 PythoniB 4], 1A F 3 A py A

In [4]: %prun -1 7 -s cumulative run_experiment()
4203 function calls in ©.643 seconds

Ordered by: cumulative time

List reduced from 32 to 7 due to restriction <7>

ncalls tottime percall cumtime percall filename:lineno(function)
1 0.000 0.000 0.643 0.643 <string>:1(<module>)

1 0.001 0.001 0.643 0.643 cprof_example.py:4(run_experiment)
100 0.003 0.000 0.583 0.006 linalg.py:702(eigvals)
200 0.569 0.003 0.569 0.003 {numpy.linalg.lapack_lite.dgeev}
100 0.058 0.001 0.058 0.001 {method 'randn'}

500



100 0.003 0.000 0.005 0.000 linalg.py:162(_assertFinite)
200 0.002 0.000 0.002 0.000 {method 'all' of 'numpy.ndarray'}

AL, BA %run -p -s cumulative cprof_example.py A flag AT AHHMRLKITER, RZIRAHE I
Ipython.

fEJupyter notebook ™1, AR LA % Y%prunBEAR 7 (BiN%) Ko — B BRI . X3t —
AN A4 O B e (R RO [ B — e 8, L A A X BUARED T I A K TR 2

i FIPythonJupyter, A I T H AT DLLs BT T/E M T2, Hhr —&2
SnakeViz (https://github.comljiffyclub/snakeviz/) , ‘&£ Hd3.jsi= A —AN 5B &5 R 128 B al A1
NI

AT 43 H7 B

HEAFLT, M %prun (B EHETcProfileff1 0175 MREIMME R, AEEIRA R Hh AT i H] 1)
WA, SFHGRSTER, bR, RAEITHE. W TIXMER, AN i
line_profiler (7] LB PYPIS & HE T HIKMA) « B IPythonddit:, HJ LR H—ANH B AR
H %lprun, AT LK — AR ELE AN BREUEATIZAT 400 . AR LUEIE 2 IPython il & (&7 IPython
SCRYECA S N ECE /N I AT, 8 XA

# A list of dotted module names of IPython extensions to load.

c.TerminalIPythonApp.extensions = ['line profiler']

PRIE T UBAT 4 :

%load_ext line_profiler

line_profilerth if ATERR PR (BFCHCRY) , (HAEEIPythonF /& B iR K. B AR
H—AHA T AR prof_mod, fifi—NumPy$ZH 15 :

from numpy.random import randn

def add_and_sum(x, y):
added = x + y
summed = added.sum(axis=1)
return summed

def call function():
X = randn(1000, 1000)

y = randn(1000, 1000)
return add_and_sum(x, y)

WIRAR T fi#add_and_sumiR I RE, Yoprunt] LLZS HE TR I N 4

501



In [569]: %run prof_mod

randn(3000, 3000)

In [570]: x

In [571]: y = randn(3000, 3000)

In [572]: %prun add_and_sum(x, y)
4 function calls in ©.049 seconds
Ordered by: internal time
ncalls tottime percall cumtime percall filename:lineno(function)
1 0.036 0.036 0.046 0.046 prof_mod.py:3(add_and_sum)
1 0.009 0.009 0.009 0.009 {method 'sum' of 'numpy.ndarray'}
1 0.003 0.003 0.049 0.049 <string>:1(<module>)

R R AN K. 0% T IPythondfifline_profiler, #iitr4 YlprunstGEMH 1. M8 R AR
A e, AT VR YolprunE 2 M7 i BR U MRS o 1BV A2

%lprun -f funcl -f func2 statement_to_profile

A48 5 Hradd_and_sum, iz17:

In [573]: %lprun -f add_and_sum add_and_sum(x, y)
Timer unit: 1e-06 s

File: prof_mod.py

Function: add_and_sum at line 3

Total time: 0.045936 s

Line # Hits Time Per Hit % Time Line Contents
3 def add_and_sum(x, y):
4 1 36510 36510.0 79.5 added = x + y
5 1 9425  9425.0 20.5 summed = added.sum(axis=1)
6 1 1 1.0 0.0 return summed

KA SRR T o AT 7RIS E A — R . B AT RREEARED, FRATRT LA A
call_functionJ£-x} ' flladd_and_sumit 477041, 153 —A> 58 B (14 H 14 BEAE TS -

In [574]: %lprun -f add_and_sum -f call function call function()
Timer unit: 1e-06 s

File: prof_mod.py

Function: add_and_sum at line 3

Total time: 0.005526 s

Line # Hits Time Per Hit % Time Line Contents

def add_and_sum(x, y):
4 1 4375 4375.0 79.2 added = x + y
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5 1 1149 1149.0 20.8 summed = added.sum(axis=1)
6 1 2 2.0 0.0 return summed

File: prof_mod.py

Function: call_function at line 8

Total time: ©.121016 s

Line # Hits Time Per Hit % Time Line Contents
8 def call function():
9 1 57169 57169.0 47.2 X = randn(1000, 1000)
10 1 58304 58304.0 48.2 y = randn(1000, 1000)
11 1 5543 5543.0 4.6 return add_and_sum(x, y)

RIZ 52 F %prun (cProfile)#E4T 2 M43 Hr, %lprun (line_profiler) o 4. Felid 5 ix A T
AT IRiEHE

AL %elprun 25 TS 5 U B A% 05 PR R AE BT RO BTN L O BURERE . JE B
e TS

B.4 1§ FHIPython = 50T K B H: 75

THERGE S A R 2R AR H AR B TACE ARG, sfegny (tbinfUigE#D B
TR

B, X FRARERZTTZARMA SRR, EFHERARRRE, DIk %, RERE
RIS, I BRI A B R 7 st B 45 2R . BRI IPython Bt i R AF EL kS iy &
17, BHEEGTIE. THZLRAERRN, RFERE E QB NS B8O SO TS B
Ro

R R LA A

7EPython , 444 Nimport some_lib, some_libH HACHD st 94T, P AR & . BB E

SXIEIN, B AR N B 1 some_libfEEdy 4 2510 . 24 F — K4 Asome_lib, #iesfFEl—A
CAFTE B Ay 44 25 (A1 51 A o VR AE 19 1)U MR Y%orun—ANBHIAS, B AR T o0 — AMBEH, i A

Bt iz, e A . Rk fEtest_script.py A W A

import some_lib
X =5

y = [1, 2, 3, 4]
result = some_lib.get_answer(x, y)

WIERARIZATIE T %run test_script.py, SAJE1E04 1 some_lib.py, ~—XFHAT%run
test_script.py, E2432|IHRA FIsome_lib.py, X2 K yPythonfb &2 48 i) “— N E ALl . 1X—
X2 T PythonfILH B 54 /0 #3685,  ELAIMATLAB, ‘&4 A GRS . R uix AN il i,
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HLRIE. 8RR LEFRUEFEimportlibfE i 48 reload of %5 -

import some_1lib

import importlib

importlib.reload(some_lib)

X 0] PLRUERE iz T test_script.py s 1] LUINEE# fsome_lib.py. fREIE, WERWBIE R, £%
Kb #R A FH reload 2 JE 5 BREUK) . KT XA A AL, IPythonfs — MEi#k ) dreload s CE AN BEAR R
¥ HEERERE, WEKIE Tidsome lib.py, #RJE%i Adreload(some_lib), <24k B4k
some_libFI'E k. Ak, XANHTEAEH THE% S, HILE)EIPython#t 2 T .

(N R 52
XF IR, WA RN SR, (A 2RI, A IRAE AR R AR B FH Y
DR AH IR R AN I R
NETATE — AT R T R AR WL -
from my_functions import g

def f(x, y):
return g(x + y)

def main():
X =6
y =7.5

result = x +y

if _name__ == ' main__ ':

main()

{EIPythonH G AT IX MR P & RAE T, IRRIVEH A T2 81725, TM5E LAEmain ik 3 i)
45 A RASAREAEIPython 4 U7 18] 21 o T4 ¥ 75 12 2 ¥ main T AR BLEEAE L) A 44 7 ] o
PAT (EFETE _name__ == '_main__': ', WIRARAELLIXAMBERAT DB G D o XFE, Y
fR%rundiamante, #itnl LA A BT @ L Emain A8 i . X &4 T 7EJupyter notebook 11X A% 4%
HE LA TREAL & .

ERRSR S
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WRIZHE AU S BIRAR B Z S o BBl — S e, IR B 2 D R B R A R Ik
HARCIGNE? “ T I0 T &7 PythonZ M) — &7, e il TAZ H AT A, R R0RE bR AN
REMGAEGIAL, AR TR AERGRAES BTl WA A .

SRS RSO R R

IARARZ AT SIAVA (B e RBRIET) |, IR RS sk e i . RS, X
HARAGHMER: KRS RIS, EWRE S ELLENER. (22, f£HIPythonJt
KIS, IBATA0MN M RIS UNT10047) 5 EEEM DS =AU, bR S IE. B
SO RS S D IR B A 1) S R N 2 SO A e o BRORBIGES R, R AR K
AAU, =LA Pythonic, £eid 5 SIXAN, A 2R KSR/ N ST Ao

WA BRI KRV, TBRETE R RSO o $RB]— A BB A R A A A B
JERNE R SR F 2 — R DA, (ERXAERBA TAE AR B2, A BRENAZ A5 R, JF BN
ZAE EDVL LR ) 11 53 B DI RE DU I REAN K

B.5 IPython = 2¢ T fE

AT HE HIPython RS ZH 5 — MR R 5 XSRS, 8RN IPython L E

ik 28 2 5HPython & i 1)

IPython2x )R ] BEMESE I & SRAL AR B AT . XTI R, tinpit, JIRAMTdl, NE
fipprinti By DARR AR 3 (EGZ, FEF 8 XHIR, Rl B BAERF AT . BBH — 1T
T 14 ] R 2 2

class Message:

def __init_ (self, msg):

self.msg = msg

MR AT, e RILERA B %t ANE SR -
In [576]: x = Message('I have a secret')

In [577]: x
Out[577]: <__main__.Message instance at 9x60ebbdg>

IPython 24z i repr /8 AR 772k B i 745 &8 GEiToutput = repr(obj)) , FEEFEHIGFTEIH K. K
I, FRATTRT LS I — AN ] B ) repro g VA B BT I A28, DATS EI— AN H I -

class Message:

def init_ (self, msg):
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self.msg = msg

def _ _repr__ (self):
return 'Message: %s' % self.msg
In [579]: x = Message('I have a secret')

In [580]: x
Out[580]: Message: I have a secret

A AT B

WY R E 248, K2 HIPythonflJupyter notebook (4N (Fith . $RRFF. 47 FRAELE) I
SEHES R ARG B . BT E, /RA AR

o B

o SURH AT HSRFE, BB 2 S N AT AT

o PUT/EEPythoniEf) (fillnn, 512 ZAE A AR s R N 2k IPython &R ZLIZ 4T I N 7%)
o o HIPython & Bis 4T dditE, Lblnline_profiler 1 i) %lprun B AR 55 %k

o & FJupytertdifs

o ENXHCOHBEARMREERGH 4

IPython ¥ L & /7t {E 455k [Mipython_config.py SC {4, 38 & 76 H F*home H % 11 ipython/ {4
Jerb, FRE I AMEERCCE . 4R EIPython, B ERIAINER X AN A i 7E profile_default ST 4
Jerp BRI . Rk, ZERAILINUX RS, 52K IPythonfit & SO 1% 2 -

/home/wesm/.ipython/profile_default/ipython_config.py

BRI, BT NHE 2

ipython profile create

RACAF I AR G E H OIRR . AR, R T M EESEM. 5, "
DA ZAEE S . BRRAREE S —MPythonBC B A, 1125 — MR B H 1. Bl —
ANHTIOBCE SO AR T, W R s

ipython profile create secret_project

fise 2 Ja, 7EHIE K profile_secret_project H AT HERC B S0 F, SR )5 4017F 5 3hIPython:

$ ipython --profile=secret_project
Python 3.5.1 | packaged by conda-forge | (default, May 20 2016, ©5:22:56)

Type "copyright", "credits" or "license" for more information.
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IPython 5.1.0 -- An enhanced Interactive Python.

? -> Introduction and overview of IPython's features.
%quickref -> Quick reference.

help -> Python's own help system.

object? -> Details about 'object', use 'object??' for extra details.

IPython profile: secret_project

AZHT—FE,  IPython ) SCRE 2 — AN B G 1f 257 >1 Be B ST IBER

it B Jupyterfs L6 A&, RDNAR AT LUME R T Python e iE & . B — N EBIH Jupyterfic & SC
£, 1817

jupyter notebook --generate-config

X kE4x7Ehome H 3% 1. jupyter/jupyter_notebook_config.pyf!l & ic B . SwiEse 5, Al LUEE
HE4:

$ mv ~/.jupyter/jupyter_notebook_config.py ~/.jupyter/my_custom_config.py

F1 - Jupyterz J&, VRAT LS IN--config 24 :

jupyter notebook --config=~/.jupyter/my_custom_config.py

B.6 4

S AR AR RG], JRIIPythond GBS 2] T — @ T, FRERFESS: 2] IPythonfl
Jupyter. FNIXPEANIH MBI a2 e s A = R 1), IRATREIE 2 R — e T A, T LAikREE
S FE {5 FH Python Al 55 /%

iR 7] LAZEnbviewer Chttps:/nbviewer.jupyter.org/) 4k %15 £ 45 8 () Jupyter notebooks.

507





