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WA Ve 9% 51 Python A | TZFE Whirlwind Tour of Python, [RIFEA:$ ] Notebook 151,
Notebook A& IPython K Web hix, HHiE. £ &3] Jupyter (http:/jupyter.org) WiH M, &—
HEARIE, B, o=HEHY (Jupyter/nbgrader) MR L E., HIEARINFEKEARS
% 1 T4, Notebook HIHRIE 4y i, ENYEEE LRNWIEAT, BAAT ALE T BT 2% o
HEHBSRD, AR AR, 83+ Markdown SCAMZ, REfS7E M 01 H L E#E A& FH
) Web o (bridll, FIIZ&. BidE. BEMR) J9E Mathjax 52 A5, REOMNREEAE /T LALIAT B
TEASERONEE, SRR —A%,

BRMEBIE P RIERIF R, (HX —PEESTRA S Gt B3 E . A4
XA I e PRI5E T DL ad = A7 s, 5 —Fh 5 & fE 2k hit Notebook Zife R, %
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%, AW AT A 2 Rt i, AP R IR R AE . BT, A2 Ld
T Python % F£ 3R 55 1) Anaconda & fThRI 45 - & (PaaS), 3 #F Jupyter Notebook % F&
R, WL % 3% £, 40 JupyterHub (https:/tmpnb.org) . SageMathCloud (https://cloud.
sagemath.com) ., {##k Azure (https://notebooks.azure.com) fE£igwfEdriE, BN LAELE
T Notebook X, Zm5iHIisiTRAS, WFSCHRY B, THE. #iE. WER, &rTLL
iz 4T Terminal L., B4, # T GitHub iS4 P2, A nbviewer (https:/nbviewer jupyter.
org) ®]LL# % GitHub #J Notebook, & A binder (http:/mybinder.org) 35 CHD 6 JE —
HEE, ARAEE A MRAVA A, IR fE LR % T Notebook i e AR A 1R £, FrHIHfE
17 T [E Yves Hilpisch {8+ #J The Python Quants Group 2\ &) JF % Y Python Quants Platform
(http://tpq.io) . Yves 1§11 =4 Python £l EI A5 HIZ g AEE, 38 vl LA 3Rl Mt
M, HAEMA CPU Xeon 1231, 16GB WA, REfBifiE — i 21 5952, Jupyter
Notebook 3 i 1 £ 4 #£1E = (Python, R, Scala, Julia, Haskell, Ruby----- ), HELH
Kotlin (https://github.com/ligee/kotlin-jupyter) . Java 9 ) REPL #iZhHE JShell (https://github.
com/Bachmann1234/java9_kernel) , 5% 75 & fE UK F % %¢ Anaconda & fThR. TE&(E
ARERIEFA T HAEWRE S &, K3 JERIA 814 Notebook 4 5 1LY, T W%
(], ISR PN I IR A 16 T A6k 2 TUNA B34 (https://mirror.tuna.tsinghua.edu.cn/help/
anaconda/) I #F W # Anaconda 4 T K IE, B =5 RGE A T MR Docker (https:/
www.docker.com/) A& ] UL H % # FH Jupyter 7F GitHub | [Y Docker 81§ (https://
github.com/jupyter/docker-stacks), —fitZe2%E, &4 51, BEIRER T H##%E Anaconda JF & ¥
55, 13 FF Spark, TensorFlow #J Notebook JF & PRk

AE{EF Jake VanderPlus (GitHub k5% @jakevdp) H Al & 428 i k% eScience “# 4y
BRHE R . e — L RSCER, W —SIUEPEA N, 1HER T 4/ PyData
=i, JHAEK Python B2y THE 588 rT LML, Jake fEHCHE nT HLAL J5 1 BT A B, €1
T altair, mpld3. JSAnimation ®] #L {t 2 & &, [F I} 245 NumPy. Scikit-Learn, Scipy.
Matplotlib, IPython %35 # Python £2 )% A 7 K& orik, FoAES > WU il ki, M ith
2014 411 Z #1183 “Frequentism vs Bayesianism” (4283 L 5 T 9= %) W 3R 25 5
%, 2015 4, WriifhZELE O’Reilly iR (Python HARFI#FMY —F5, —EFgixiE, IE
AR T 2016 4E4E I K A, #liE], th7E O’Reilly fit T — 2% Python £#i F-# & (J&
F O'Reilly ¥y Alas *F- & 6] & Notebook, ftfi a] fF 23z 1), /4 T Pandas, Seaborn,
Matplotlib % T.E., 2017 42 H, fhfE YouTube kAT T —4 A0, 1t 3€ B 74 T & 77 9
HEFA EEATR BT SR, R T Python U FHE g AR A A (hSi ek, BLAEAE
Notebook H14wh%, HAy, MK, KAREFAETS, TR/, HRRA SERERIIE KA
TEfh, 5ARE, HRBRERX, RHBREARSEIMAERK D, R,
K|S J VR FIHE B R E IR A ANEC R, B A VL /MR, IR AR B
PFHARFHA IR RZRR, 1L £ M SQL. Excel, Matlab, SPSS HJ4y#7Uili T fi# Python %
BT H, MEARE B Bk, VHE SRR,




it

Y 12 ‘\ '2"
T AREEHF
XA — AT 44 Python BB R4S, WIRETE &AW, IRIGHEH B — /M. 2
ABARFF (data science) ? FLXAATE /@ SCHRIIRINAE, HEIAEDI LG T
(AR T HER) . HPFETE LAV TR A2 RIbRE (R TRHE AT AR
We), ZANA B BRI, W5 AR IRk .

FINA X EEHITHRRANE T A AR EBIEAE BTG, BoPhe v ReRoE B Al A ikt
PSR PHERER B (R ARIF, 72 Tl SRR RS 2 B rh G BOR BB A A G, 35
FRHEBARFHARSCHE BONTh, AR B A BRAYSE 3L, ikt Drew Conway T
2010 4F 9 AfEH A Bk R EIEIRFHAAERE (A0 0-1 FiR) .

0-1: Drew Conway HAIBRIZ 4T E

BIRE P B AR B B BRI BRI, HIERINAXIEEGEL T “Hafy” R
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i B EERIRE, SdERHALE T SASURINEE D . FITFERIIGE D —HRER
HOTBANR A (Bl BIEAREIERR) Bl TEMBZERATEE RERS Be L&

HBTE S BRI T B . o TR AR s ST RAVRE J——FE 405 i 20t Ll
2K, BERTCASR HIERIRIAIET, SCRTDAPE ML IR

A RN ZICEARFHE B E—/HR IR, MSEBE BT UME B AR S
BHEETRE D . TTRIRRICMFEERETR . TR E s, RIEMZ T & a3, ERR
TR, R FHG R, SRR SRR R SR TR, AFBEALE
PREA RIS RE

BiRriEE

TERAE WA BB, B L& FRHE S L, 2% A AR XA — ]
W “HRLIZERE 2] Python We? 7[RI AN R Y HT 2 A HOARBE DR, RETF SYSORHIE
NG, Tl E R RSB RI GR AR RE T, 35 T REM TSR TR, T PRI R 28
H IR ARE 2] Python AR5, e BT EVEASE L RE S5 P TR 2 T Aok
. BAM ECSA RS EAIN,. MEmMER, (HRE—HiEHX ARl —4
A RIBEAE F— Xt QU EA RIS,

X IR — A1 28 Python P FE AL il AniR 45, BIR 1% 1%E C & 2% Python 1Y A%
P, WARECREL ol AEE ARG T, KBRS ARE D, XA
5 By Python I P2 % > dnfif i# it Python HY4CHE Bt 4% ——42 45 IPython, NumPy, Pandas,
Matplotlib, Scikit-Learn, LR HAAHICHIRE T HE——@ 8ot i fig . ACPRFN o A

A4 B Python

Python TEAFHA AN — R LEOZAILHFEILE T, ey H T KRB 4
Brfnel#ift . X mIRexik Python R A G T3 BB 4y, X TIES —HBH A2 A
Fem o AR LRI T . Python Z T UAREAE BB BH- 418 T2 b, EZEER A E
W = RO A R miERN AR RS : NumPy Al LUGCEE[E 2K % (homogeneous)
BOA AV B . Pandas AT LLALEE 2 Fh 257 (heterogeneous) HibRZE %G . SciPy nI LLfiR
e LR TR, Matplotlib W] EAZs il ml FH T EN R "I A LB JE . IPython W] L SE
AR B AGRFERI Y E 4 F=ARRY . Scikit-Learn ®[ L fTHLEs 222, A H MR £ T ERE
JEHFE T I 4a

AERPRTFZE—A> Python A[ 2R, IBAFRMELEVRIERAASHILG IR B A Whirlwind Tour of the
Python Language, XA MIZFEI 28 T Python (A, HIUEIEZGR K 4gmARTE
B IEARFHA K P52 2] Python,

Python 25Python 3

A5 Python 3 AYIED:, HFFA$E T Python 2.x RA AR EAIEZL LTS, B AR Python
3.0 1F 2008 4Eak kAR T, (HIFEA B PR, LHEERER Web JF R i, XETRE

| RV
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B VF 22 58 =05 B2 7 PR N L B A 55 22 TR SR He 2% Python HUBThRAS . AR, M 2014 4R @) FF
16, BRI E ) TR E AR T & R 3 7% Python 2 1 Python 3, kA<
5K P BT AR A Python 3 183, it H o A KSR 40 (RS 7R (51 JE 250 A % A, w] LAYE Python 2
HiafT, RS E] T Python 2 A MUY, Fhss R ETFANIL,

oig 1l
MBS
A —EAE SN E R ES TR, B2 Python 50HEFA 1 EER,

IPython #= Jupyter (% 1 %)
XARR TR A VE 2 (8 H Python OB RHA KR 4L THHRIEL,

NumPy (% 2 %)
XAFE AL T ndarray XF4, WA Python &8t A i A fE R B4 4.,

Pandas (% 3 &)

XA SR HE T DataFrame X}4, W[ LLH Python 280l A7 fif FN4R (R A AR B / 5]
Matplotlib (% 4 %)

XANFEREE Y Python #2431 T 2808 rTAL AL IhRE

Scikit-Learn (% 5 &)
X NFE A B B B ML e 2 S SRR AL T i A 5 1 Python filvSRER,

Python #(#EF+# (PyData) tt5F HYSRARE X AR AR, 500 BB R,
ik, WAERREEEEHSIZ T M Python SKELATHALAERAY E 45, T B FIRE 7 BLI 2 7% ¢
ko At AR g B RTLE Python Bt b 78 KRR o> TARAARR, BNfEAEZ
RO, FOPRERENINIERFEE,

R TN

A BRFNTE AR (RIS RG], B {5 %) #B Wl LLAE https://github.com/jakevdp/PythonData
ScienceHandbook T#i, AR ERMIRTER LIENT, —BERUL, ARAPHREL ToRBIED,
PRATLAME B RE RIS o BRABIRIE TARK—#o R, & MITCoRe & 31Ar 15K
UFAT, Eedn, FAARBEIJLARS A BS — MRF AR R, B8 K O Reilly
B R GIE R M TR AR VF vT 5 S DA i (o (ARSI 2 (e R TC 2R A F RT, {5 e
R A O PR B 7 i SRS v I 35 SR A T

FAVRA ZAEFFA RGN LR IRAE S AT AR LS DR B 5 DH B — a5 45 4.
YE#& . Wi Fn ISBN, tkdn “Python Data Science Handbook by Jake VanderPlas (O’Reilly).
Copyright 2017 Jake VanderPlas, 978-1-491-91205-8” ,

IR R A B OO R GRS R S T ER eI H97EE, WGD fRif S permissions @
oreilly.com S5FA T2,

=
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RERZEESEM

L4 Python AR F IR RE M 7 i Hse R Wi B, T 41| 2% — S FE 2o B R PR I 3 38
I,
AR 22 %E Python 5 A IR %, (H R FEBAR R 7 1H, Fef#E (6 FH Anaconda % 4THR ',
Windows, Linux Fl Mac OS X #:E R GHYRHEFNEH 75X, Anaconda KATHRA HiFf,
» Miniconda (http://conda.pydata.org/miniconda.html) 5 fiL & Python fif B 2% F1— 14~ 4& 4
conda iy A7 T B, conda & — M FE RS, vl LUE B Z Fh Python 27,
AT Linux F P EGRAY apt 1 yum F2FRLEHESS
e Anaconda (https://www.continuum.io/downloads) P& T &2 Python Fll conda 2 4, ifs [
Mghe THHEE NRARREFE., BTMEETIF2E, RkeEeEE 5 ]IS
TR,
W% HE T Miniconda, FrAFEFE (45 Anaconda) #ARRIUAFRNZ%E, Hk, et
% %¢ Miniconda, HABBARE L 2%
B, FEIELSE Miniconda 2 8 (HIAVREFENZTE A Python 3 IIAS ), SRJF%edE
AP EERTE,
[~1$ conda install numpy pandas scikit-learn matplotlib seaborn ipython-notebook
ARSI S H A 5 Ll Python FHg 8 T H, 223505 B R FEAR i B, 3k & conda

install 427 & &4k, T conda RS 5.8, H4E conda REAUFASE (5RZ14EFE) HIEIEEFN
i, 1527 conda fEL3CAY (http://conda.pydata.org/docs/) .

HERRETE
AR T T AR

o Bk
FHIARTES T SR N,
o K (constant width)
FoRBEIT B, DARCESCHR BRI & R BdRE. SRR IR E . B
Foci 5%,
o JNHHZETEEM (constant width bold)
PRI % P AR A A s b SOA
o ZETEBUA (constant width italic)

R P B B SR b SCRE P TERR L SOAR

1 A EKERH PIEE B e RS TUNA 852 (https:/mirror.tuna.tsinghua.edu.cn/help/anaconda/) , ——iF#1E
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O’Reilly Safari

. Safari (J 3 MY Safari Books Online) MMk, EFF. ZH M
‘ Safa RN Y e =2 R 2
AT 2 ROFHOR T b A B BRI, 518, 2 LR L. X
SR Sk B 250 2 K AR MWL, H h AL $E O’Reilly Media, Harvard Business Review,
Prentice Hall Professional, Addison-Wesley Professional, Microsoft Press, Sams, Que,
Peachpit Press, Adobe, Focal Press, Cisco Press. John Wiley & Sons, Syngress. Morgan
Kaufmann, IBM Redbooks. Packt, Adobe Press. FT Press. Apress. Manning, New
Riders, McGraw-Hill, Jones & Bartlett /1 Course Technology,

W £45 8., 1515R] http://oreilly.com/safari,

BXFR AN

TEATRASAS PR AR )R K 25 HH Rt
FEHE .
O’Reilly Media, Inc.
1005 Gravenstein Highway North
Sebastopol, CA 95472
-
ALSCT PRI X P BT TR R 2 SRR C 3 807 % (100035)
BRI A G (E5) ARAF
O'Reilly HY&—ABHA LRI, RATCFEARLERBIARBAHRE L, BEfiRE. =
BIARRS LA R o A5 B ASASAT A b b A -
http://bit.ly/python-data-sci-handbook
T ABRIPFE A A RE, 15 KB FHBES]: bookquestions@oreilly.com
BT FE L O'Reilly FEI45, BriIlEREE. SUCRUEIEIEE, TEUIRILLT W5 .
http://www.oreilly.com
A I4E Facebook HIMbBIEANT
http://facebook.com/oreilly
THRTETRATTAY Twitter )4
http://twitter.com/oreillymedia

AT YouTube ¥RATHbAE 20T

http://www.youtube.com/oreillymedia
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IPython: #&i&Python

Python G R £ JF & PREE vl (e 55, ot o 0 [RDEE 76 L1 b o IR — BT R 3R5E . 3k
EZAMSIEARF: el ZRIIF KRB IPython (http://ipython.org/) JN_E—/~3CA %
2% (Emacs 8 Atom, HAERYLOE M E ). IPython (interactive Python HY&i#R, BIzd A3
Python) i Fernando Perez £ 24—~ 58 1) Python fiRF: s T 2001 4E B4, b kBN
—ATH . H Perez WYJRIEAREL, %0 HEOD T4 “BHAUHRR A a BT L. TR,
AR Hs Python B EEHRFHAESHISIEE, B2 [Python it —4> 58 HLASE KT .

% T 14 Python FU—/~28 T35 O, IPython B4Rk T —LE7 H Y Python iE i M hnsh &g,
AF it b BE P RA AR —L, B4, IPython #% % %% M i 2 7€ Jupyter Ji H (http://
jupyter.org) W, iZT0 H4& 4L — AN 3 F 0 YT 3% 19 Notebook, ‘BRILIIF K. thiE. o=
B RAAEAEFHF 45 F, IPython Notebook 3% H il F| Jupyter Notebook &5 #JI4: {5, 1M
Jupyter Notebook A~ {¥ 3 £f Python, 4445 i+ Julia, R FiIH: fib 45 #2 15 5 1Y Notebook,
Jupyter Notebook A5 VRILZI EAE [ 156 Y U1 T Aok H Skt A i E—— A Sy 230k
{5k & Fl—#H TPython Notebook 5 1Y

IPython jf & ] Python BEAT A 2K & AR A TR MBI E MR, AREENA
IPython X B HE F=#AEH A HAIZHRE, JH G BAETEL LI T Python FUAHE, Tk
PR — AR “BEE A A7, XAy 4wl LA B A P Bt B AURD A ¢
(AT S5 B B . 5 Sl A1 45 TPython Notebook [ —Seb:, X Seppp: o B i 4 4
o FEERAEFH A

1.1 shellixZNotebook

A B B8 7 28 5 Fh 8 TPython A 757 IPython shell i IPython Notebook, %% 45



PR REA SR, I HIR IS ARE T (R LI h )i, R DB DL T (X 28
—FLHE, JEMREE B UI] fEIFAGZ AT, SERIEAT A — T An{al 2 3h IPython shell £l
IPython Notebook,

1.1.1  BzhIPython shell

XA NE—H, CRREESFASN, BIREE 8, HEARM
B T EAE ) F oLl —il, o5l i S s WL e ATz B i B8 B 13— £ A 15
%, PRA[CAEAr & 475 A ipython J3 7 IPython R . ANRVR%% T Anaconda B EPD
1 Python KAThR, RGHHSHE RN B S (EHESI 1.21),

ARTER UL LR RIE, KR NS

IPython 4.0.1 -- 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]:

Xk FT A THE ORISR T

1.1.2 BEzhJupyter Notebook

Jupyter Notebook & IPython shell £ TV ETE 1, &t T —R5IEBNEERY)
fiE, Jupyter Notebook A~ {X "] LA# 4T Python/IPython iE4], B iFFH PRI A,
BB AT ER . B2 2030, JavaScript #E1:, 255, ANNAndL, XL Notebook X
PR RELAIE 205 SAEfif, DAME At A /T LAFT FFiX 28 Notebook, - HAEMATTH CLHY R GEH P
111x 46 Notebook Ui,

R4 TPython Notebook & il R Web % &5 & N AT A B NG, (HaBumy—4
IEAEIZATHY Python BERETEHEA REHA TS, BRI R (WHFRIE “7, kernel),
T BAER ARG A AT ALL T i 4

$ jupyter notebook

XA A S BB — /A HEY Web RS %F, RTUMEIRIIRISE R R BRI T NSE . RN, B4
SRR, BoRBIEEM T 4 XA HERBEA TR
$ jupyter notebook
[NotebookApp] Serving notebooks from local directory: /Users/jakevdp/...
[NotebookApp] 0 active kernels

[NotebookApp] The IPython Notebook is running at: http://localhost:8888/
[NotebookApp] Use Control-C to stop this server and shut down all kernels...

— HUL E&rAHAT, RIVERAD S22 A sh3THF, HH A 30 34 F] localhost ML (SLhx
bt SRR R R GEE ) . AR A B 3T, ReLLE AT HF—AE A, FFA
FAATIF XA WAL (FEX 7Rl H 2 http:/localhost:8888) ,




1.2  IPythonHy#5 Bh AN 3244

AR ORI FISEA TR AT, AL —E AT, WA P IHER TR A
LRSI v oo NN

B BT AR NS IR AT FON SR A TH LTS T A i, R 2 Bt
fo, BERIASHBEER, MrBamfl LB s R, EEEFESSh—, il
RIEL R, BBRFIFK, Stack Overflow S MZ B AL r] LR FE R IEE, BIE O
i) PR XA T, EEEOh— AR R P R, AR I R X
YR PO TR 4, W A 8o BIARmiE L, Tiekdd s
B H AT,

IPython i1 Jupyter f K FAAL 2 — & RE4a 0 FH P SH5Bh SCRA A 22l (9 BE B, H5Bh A P
ERGER AR, BARWI AR SR AR A A Zu (g R A T, {H2& s ] IPython hEEHR
FIREAFEE T LT ROGRE JLk4%8E, TPython 5t AT LA R il 20 i —LE[a) i,

o AN XA BREL? X R B IRLE S BRI 151 ?
o XA Python X4 IR CHD & B2
o RIEAMBHEHA? XX GAWRLEE R 37

e TRRH 8 el id TPython T HORPRERPUXLEE B, 5 2 TR, #1522
FAF ST IEACRS, 1 Tab el CAHT A shkh 4,

1.2.1 HfFFSTRENHE

Python 1% 5 FIHEHEFHE A SR G0 BT PR R QIR i PR RK— 0oy 75 ks
SRICCAY . 45— Python TG — ARSI, %R ED docstring, k£ Hfh
T, PR E X R R AN 575 . Python AT B[ help() B& 5 il LAZRHRUX
SR, JRHREATEN AR . Blan, AnREEEFRNER len AR, ATEMZIRELT
PRI

In [1]: help(len)
Help on built-in function len in module builtins:

len(...)
len(object) -> integer

Return the number of items of a sequence or mapping.
AR A R ARRERS , XA B WTRES R AR SCA, B8 HBLE R p st e A,

RISE T — AR R BARH R L, AR A, Fril IPython 5IA T ? FF S AR UX
A SCREAHABA S BIVGES

In [2]: len?

Type: builtin_function_or_method
String form: <built-in function len>
Namespace:  Python builtin

Docstring:

IPython: #@#kPython | 3



len(object) -> integer
Return the number of items of a sequence or mapping.
ERFERHRILFENT—Y), RS T5:

In [3]: L =[1, 2, 3]
In [4]: L.insert?

Type: builtin_function_or_method

String form: <built-in method insert of list object at 0x1024b8ea8>

Docstring: L.insert(index, object) -- insert object before index
FEF T X GAR B UL AR S S B SO i H -

In [5]: L?

Type: list

String form: [1, 2, 3]

Length: 3

Docstring:

1ist() -> new empty list
list(iterable) -> new list initialized from iterable's items
HEME, XMAELEHTRACOENEESE bR THEL 1A
docstring F/NEREL
In [6]: def square(a):

..... """Return the square of a.
et return a ** 2

BEHEE, A THEE O — docstring, [MNES —ITHE T —ANFHEF =, BT
docstring il # A& Z A7), FEHEEG, H Python I =A5 53R R L7757,

B TR ? 5 kR EX A docstring :

In [7]: square?

Type: function

String form: <function square at 0x103713cbo>
Definition: square(a)

Docstring: Return the square of a.

VR RLIZ SR BAE VRS (AR S s AR N % SCRSAY 215, X ARk vl LAk docstring PRk gk
By,

1.2.2 BEFS77REUERE
1 Python 47 55, B LA AR AT LA i Bl e 4 B X G A A ) 1980 T 5 2 e O
fit. TPython #45 T FEIIRICROAIREE TR (1T 22)

In [8]: square??

Type: function

String form: <function square at 0x103713cbo>
Definition: square(a)

Source:

5 =z

4 | E1E



def square(a):
"Return the square of a"
return a ** 2

XF X AR TR LA, P (RSt T DA B PRI BR AR Ra & fER 1 2 T R SSELAn i .
WRREHEMAEH 22 55, SR A AR RERL, XEFEAIRERIAEIEA
& Python SEELIY, it CIBEE SO IR IFEY RIES S, EXMELT, 22 5%
PFERT 2 5. RIS TERZ Python N E X GFIR T tp R BUXAERIIE L, 40 L i)
FREEEINY len BR%L:

In [9]: len??

Type: builtin_function_or_method

String form: <built-in function len>

Namespace: Python builtin

Docstring:
len(object) -> integer

Return the number of items of a sequence or mapping.

20 22 $R 4 T AN SRKOSCHUER R 1, ATEAEHAEAAT Python eR B DL AT B

1.2.3 HTab#r 2R ARNIERIER

IPython 75— N4 HJ4: A& H Tab # A sh b & FIR AR, Bk Ky 2= BN R, £
B RAIRGIF, FA1HH <TAB> KPR Tab .,

1. MR ABHWTabBE Eh4M &

&—~ Python % R ARG & & FpE EFN G . FILATTHEN help A %2K{L)L, Python 5 —A>
B dir %, ATLUR Bl —AN @ PR 151026, {HAE Tab H shtb 243 1 AE SR b F
R E R, BRI G AR EMESE, AT AKX AR R AR, BN —
Agsi () i Tab #:

In [10]: L.<TAB>
L.append L.copy L.extend L.insert L.remove L.sort
L.clear L.count L.index L.pop L.reverse

h T NG, AT AR BT T AR — A ST LA, 285 Tab B
& AR IC B Jm P T 7 -

In [10]: L.c<TAB>
L.clear L.copy L.count

In [10]: L.co<TAB>
L.copy L.count

R ARG AL, $2T Tab @SR AFRE R 2, Flan, TR RGIFHNE#RSDS B
% L.count #kih .

In [10]: L.cou<TAB>

R4 Python (A T #E X 43 23 4k AMER IR MERIARLAT / NER IR, (E@ MBI, R A T

IPython: ##kPython | 5



VEFoRBA BT ., A THEBEL, XNFIRFBRINEIE T X R A 5k
the A, URATCLELT BB A — 2% T RIS R IBX SR A 1R M5 13: 51 Hi ok «
In [10]: L._<TAB>

L.__add__ L._ gt L.__reduce__
L.__class__ L.__hash__ L.__reduce_ex__

AT REEL, B RERTRENRTHIT, KB & Python Bk FRIZ 5 (WEHR
MfE “dunder 55”) .

2. BB TabB s &

Tab A Zh#b 4 EMNEL R A R ARE A H. T X R 3k AL ttertools LA
co KT Al S A5 .

In [10]: from itertools import co<TAB>
combinations compress
combinations_with_replacement count

WAL, PR RTCAN Tab @ 22 R AR R AL DA T RARE XK BRI Python 2 1%
HHAWIRLE S =5 A R ol WL AN ] )

In [10]: import <TAB>
Display all 399 possibilities? (y or n)

Crypto dis py_compile
Cython distutils pyclbr
difflib pwd zmq

In [10]: import h<TAB>

hashlib hmac http

heapq html husl

CAH TR, JHEATEIRI ARSI A /AR 399 MR, )

3. B#TabH M & BEFFILA

A URENTE B TR RSB PR — A S RULA AR, Tab A 3hbas bR A . =
A& M PR C RS IR B0 R LA F A, BT T XTI ARATS R, Python
PP T * Aok SCHLRY B BT IERCTT 1 o

Bilan, FTCAUHEFIZ H dy £ 22 [t UL Warning 252 T A X 4L

In [10]: *Warning?

BytesWarning RuntimeWarning
DeprecationWarning SyntaxWarning
FutureWarning UnicodeWarning
ImportWarning UserWarning
PendingDeprecationWarning Warning
ResourceWarning

THER, XER > o RRERT S, BEETS,
WIEE, BRIKFRANET TR, eiafrrh s find, MIWTELXAE .




In [10]: str.*find*?
str.find
str.rfind

FESEhr B R b, BORBL, IR — TR B ERTAR A C R ABR B,
X R A BCRF AL o T HREI T — AN R E B A AR A AL

1.3 IPython shell Ay IRiERE

ARRE RN, PRATREE LA ok Pedled . AR AY AT RERE Cmd + C 1 Cmd
+V (#HE Cul + CHFlCul + V), BAERZEFMARSH HTE IRk, &gH P
PR EERE R RN IZ, AT SCAR SRR &5 (40 Emacs, Vim %) il & 24194%
A PR TR Z iR,

IPython JF¥5 A Lk gutR s B4k, (L& ehigft T —2e b 55, RERRIER A AT
g Pl T, (R b, X SePdl 75 5 A& IPython A8 By (iERY, MiAgidit IPython *t
GNU Readline FERIEIIOE R LA, Bk, £ RN AN —LetdE 7 T Re SRR RS
B AE . Heoh, —2ePedE 75 2T DR A T 10 B2 &5 1 Notebook HE1EH, {H&
AW E3EHE IPython shell HFAYHEEE TR,

— BRI Tix et 7550, whaethsstT—2em 4, mA T “home” # EFEHF,
MR PR AL — 4 Emacs A P, 8 A Linux shell ALY, VR %HE T RN 2B 21
Ko BASFXehiEgo ALY SMIER. XEABNRER. GLhERERME
bR

1.3.1 SiRER
L2 A 8 K — 40 R RS B R AR 9 L, R Hf— S5 T 4 T
LIEARIHEF I “home™ i HF,

HREESE FHE
Ctrl +a TR BRI TRIFF AR AL
Ctrl+e FIehR BRI TRISE AL

Cul+b (SAFEKE)  FEhsEBR A4
Cul +f (SO ikEE)  FEhsaiit— A1

1.3.2 XAENPRIERE

A~ N#B51E ] Backspace # AT LAMERAT—4~5-4F, (H P45 5883)—E ABE B A BERS FiX 4~
e, JEH ek HREMBR —/~F4F. TPython Hg —28wl LUBHER VR A BB 40 SCA I PREE
g, b IOREIR LSt IR R AT SCA I PRAE S . — BT AR Corl + b A Cul + d 21
£, A Backspace #2HEMMERAT—F4F, whAA B AT L ptsl 1,

IPython: #B#kPython | 7



iR ik
Backspace TR R — /5

Ctrl +d MBS fe — A4

Ctrl + k MICHRTF AR BV BATHIAR R

Ctrl +u IATHITE K 853 AR

Curl +y yank (EIREIE) 2 Aif 85 000 S04
Cul +t transpose (HIZc#) BIFH/A~F4F

1.3.3 WAL RER

Zli%lﬁ/k:lﬂ’]ﬁr’ﬁx&ﬁ’]lﬂ%ﬁﬁ‘tm IPython $ ALy & 0 L AYERFET Ko XA 4
J— Eiﬁi_TT IRET A R iy 4 I SE AR A7 il /£ — 1 TPython g B 3T
B2 T Y SQLite %&Z?EEE#JO Zﬁﬁlﬁ%ﬁ%%ﬁﬁﬁﬁﬁfﬁkm)ﬂthu W o, AHRA
SRIDA LRI

REERE EN1E

Cul+p (Sf_E¥ik) BRI — A~ 5 S w4
Ctrl +n (3R T#ik) FRIUG—A 5 s w4
Ctrl + 1 3 S A Y B S 2

SIS R IA . ERT—1r, FAT1E T —AAE square RYERAL, it?i‘cﬂ']%)k—/‘%ﬁﬂ’]
IPython shell H [z [A1## 2% Python [ 81, FHHREIX /N BB E L, M UR(E IPython %
T Cul +r #15F, BB TR

In [1]:

(reverse-i-search)'':
WRVRIEIZIE R G 4 A FFF, IPython 3 B ZhIH TN Al Bl iV A 4. AR A IR, %
SVCEEN N 4% :

In [1]:

(reverse-i-search)'sqa': square??
1/1\—[u[ﬁﬁﬁ%ﬂnﬁ%ﬁ’ﬂiﬁﬂéﬁﬁiiﬁ?, WK T Cul + r @RS Bob—4
VCRCIZA A4 . ACRIRIERT— 1 B8 TAYIE, 45T Cul + r PR RTLE S

In [1]:

(reverse-i-search)sqa': def square(a):

""Return the square of a"""
return a ** 2

WRMRAESF KRG A, #% T Return e E& EA TR, RJaut T AR ARSI G4, 4k
SERRANI ST -
In [1]: def square(a):

""Return the square of a"""
return a ** 2

In [2]: square(2)
Out[2]: 4




R, RATEUHE Cul + p / Cul + n 8¢ BTG AR &, (HaE U IR T
H LA Wk Ul , anRIREIA def SRIGHT Cul + p, WIS AEMRAI A4 L 4LEI L
def FF kBT AT & (AERAHIIE) o

1.3.4 EHibRriEE

A —EEARREHAE Z i LA 2B h P s, (e AR A .

e ik

Curl +1 TH L i BRI N 2
Ctrl + ¢ FRIMT 24 HiT Y Python fiy 4~
Ctrl +d B TPython &%

WRPRICERIFF R T — A st dEF KRRy, Cul + ¢ tREERREEIR LR,

X HLPHB R — 2o hEE S TR A LA LR, (R SRR Pk & IR e, —H
PRIZHCT XFILAILTC, HE S RAFx e Pt 75 A AR 5o,

1.4 |PythonEix4

R TIAT28 T IPython Znfal Lk URULSE A5 5% H. W] 28 B J5 2 M FFNHEZE Python, A5 48
— L4 [Python f£ i Python &% LAl 2 EIIMESRThRE, X LEThEEWARIE IPython A M <,
FEHABLL % F5 S VE MR SR . 31X 20 BE i iy A 15T FH T 170 1t i o s 0 B89 0 7 v ) 4% iy
WlaE, EaSAmFIER: 1TEi% (line magic) FIEITE% (cell magic), FTREEHL
B % FRHERRTZ, TERT AR BITBBELAINAS %% (E RIS, 1ERT2THA.
R RN HE - LE P I, AT SRS TR A 2o B A,

1.4.1 FENECAEDLR: %pasteFl%cpaste

L R(EH Python fiReasvt, A LW IEIRAT, ARG 2 47 s rTRE & S B
AR R R, R eh A S A AR AT S . — AN E LRI DL, PRIE—A~ Wl hirh
B T —LORGIRED, HAEKE TR R PRAIRE S b, B0 T 15X /4 1R] B R AL

>>> def donothing(x):
return x

BRI LE AR TN Python iR 2% vh A SRt — FERD, H & AR 0o & 48 A T RGN 21
IPython H, mtss tHELEE IR

In [2]: >>> def donothing(x):
cet . return x

File "<ipython-input-20-5a66c8964687>", line 2

return x
A

SyntaxError: invalid syntax
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EEZRMM SR, MBS R oRE T, HEAZEFEM, Python /Y
%paste JBE: AR AT LASRDGX B & FF5 19 2 A T A R«
In [3]: %paste

>>> def donothing(x):
return x

## -- End pasted text --

%paste fir 4 [FIINH ATFRATIZARD, BrUAPR AT AR 2R A B BIAE R T

In [4]: donothing(10)
Out[4]: 10

BIN—AE IR Ay A& %cpaste, ZAr AT IF— AR ER T AT, RATLILEX
AR TR HP AT — A s 2 AR B

In [5]: %cpaste

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

:>>> def donothing(x):

: return x
X e AR S BB A B A — A, SEBL T fEARHETY Python e #s Hr AR AE B
AR RESEELHI BhEE o

1.4.2 HITHMERED: %run

YRIT R A LRSI, ATRES KB CAE [ 1Python #4728 B R R [RIH,
B SCAS AR g A R R A S AR, 7(“IPythonzlﬁthkﬁz;aqmﬁmqg%ﬁ@
ANHIEB—HE D s SR D, XA ThRe el LLE it %run By A A se i,

R PREIE T —A myscript.py 3Xf, ZXHEELLTRNE:

# file: myscript.py

def square(x):

return x ** 2

for N in range(1, 4):
print(N, "squared is", square(N))
PRATUAFEG R IR AEAE IPython & TEH B TI%ET

In [6]: %run myscript.py
1 squared is 1
2 squared is 4
3 squared is 9

HER, ARt T Bz E, ZARS RS AT A e B0 nT LLE TPython 2 i b
)

%Pd%
ik
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In [7]: square(5)
Out[7]: 25

IPython ffi 1 JLAH 5 ROR VAR AR A4k AT, IR AT LLLE IPython fi#RE &% FRI A %run? A 75
A

1.4.3 TERBIEITHE: %timeilt
B A ARE A H B B stimeit, B4 ABNIFESEE TR —47HY Python & A YHA T
i\, fldn, FATAIREAE T fRFIRER A IIPERE

In [8]: %timeit L = [n ** 2 for n in range(1000)]
1000 loops, best of 3: 325 ps per loop

%timeit PAFALAE, B&HNZRPATRIEI G4, DEREBERENLZEER, WT2470Eq,
AILAIMAGE A % f5 5 f 628 gl e BE s, DGR Z A58 A . Bil4an, T for IR
[R5 E 4 «
In [9]: %%timeit
tL=1]
: for n in range(1000):
L.append(n ** 2)

1000 loops, best of 3: 373 ps per loop

MU LSS R ATUSLZNE W, FIREA LR for JEIRLARE) 10%, FRAVHFLE 1.9 Firh
BE— PR F wtimeit FIABXACRDREAT THR AN AR T5 5

1.4.4 BERRFBIER): 2. %magicFA%lsmagic
FIE5@ Y Python R —#, TPython BEM: bR B A SCRY T 778, I HwT LLE I brif i 75 5K
RIGX Se A A SCRSTE B, il4n, A Ti%3) wtimeit Bk R ECHY SCRSTERE, T LAT M by
ALAFfird

In [10]: %timeit?
oAt PR BSOS T R, T G 2R 005 38R 45 . oA T 3R A AT T BET: R 5 s AR DL e —
SEIRGl, ATEAR AL TR 4

In [11]: %magic
Sy T R ] SR AR A A AT BRI BRI SRR, ATEASR AL, T 4

In [12]: %lsmagic
B TOBRFREEIR, B E B S MR B E IR B OB R, X BAS A
IR, AHLRARIREBELHER, FLAZT% 1.10 1A IS EHR,
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1.5 AFHmbBHE

FATERT AT, Python shell RV _E 75 1R 88 Cul + p / Curl + n PRAEEEIREU 5§ @y
4, B4, TPython f£ shell F1 Notebook H &AL T JLAZRER S v S a0 5 2, LA
G ARGHFFEER, ATESAENTA,

1.5.1 IPythonfg4 N\ Fn4 H 315

FIHFTA L, FAUR R IZEE BIFAK TPython FFIAY In[1]:/0ut[1]: FERMIHRR T . (HSLER
b, BAPEAUGR AR IR, B4 T8 24 A £ 16 H anfl sk B A Fidas th g S8 /Y
%, BERHLL TR T4 406

In [1]: import math

In [2]: math.sin(2)
Out[2]: 0.9092974268256817

In [3]: math.cos(2)

Out[3]: -0.4161468365471424
BATFAT —ANER math B2FE, SRIETHHAE 2 I IEZ R BE R 5% R EUE . XA
Fdg HAE shell T In/out #7%5, (HAREA{NANH——TIPython S L 6% T AU{E In F1 0ut
HY Python A8 &, X SEAR & F 2 T L e dir 4 D0 8

In [4]: print(In)
['", "import math', 'math.sin(2)', 'math.cos(2)', 'print(In)']

In [5]: Out

out[5]: {2: 0.9092974268256817, 3: -0.4161468365471424}
In A%, BIFICRANesS (FIRPE —TE A AL, CAE
In[1] AILAFIRE —kind) -

In [6]: print(In[1])
import math
out IHEAE—FIFE, Wd— AT, SRR ARCTIS BRI (ARERIE) -
In [7]: print(Out[2])
0.9092974268256817
HER, NEABREERARIL, Fl4an inport IEAIF print BT, T/E#H
RATRES IR ENA MBS, (R4, print & —ANeR%, "BRYIREI{EZ None, XAFEHL
REULHE T SRR, AR(HR EI{E A None My A #AS S INE] out AF e,
WCERABFIH Z At g5 AR, BRUL BN KA AL, Bilan, R Zar A RAG A
sin(2) ** 2 fil cos(2) ** 2 {fN, ZERAT .

In [8]: Out[2] ** 2 + Out[3] ** 2
Out[8]: 1.0




AR 1.0, HAABER, EXANGIFH, FREATEF A ZATRIER, (B amf
PrRIIT— MBS 2RI R R AR R R, L dmadEw A,

1.5.2 TRIZREERFNLETHYHE H
FrifEf) Python shell (A ELE—/~ HFRRERCART 4 R faj s P g, A8 _ (BA T RIZR)
FFEF L AR, X Fp 5 2UFE [Python & F -

In [9]: print())

1.0
{H & TPython it T —H——FRATLAH I & T RIS BIECE ANkt , FH=4TX
AR EIBCE =A 0 i (B A a4 -

In [10]: print(__)
-0.4161468365471424

In [11]: print(__)
0.9092974268256817

IPython HYIX —ZhREMEILIF 1. M =45 T RISHF 472 bLBOE L4, I HAEXFME LT
W AT SRR E R E T (.
X HUS SR E 75—~ PefdE g

In [12]: Out[2]
Out[12]: 0.9092974268256817

out[X] IR BIEAAE X (Bl—Z& TRIZTS) .

In [13]: _2
Out[13]: 0.9092974268256817

1.5.3 ZE i@

BRI REAR 2R F— KB (FE55 4 Tpr 2800 m P dr A rp i L) o s TR

T AR T — MMRIFA T BB D &, XA Y A5 A MERE, %

22 AR DA, AR 1 — A Aot Al i 5 Aot e TR B n— 14 5
In [14]: math.sin(2) + math.cos(2);

WHER, ITERERBUET, FERBERRASE AR L, WASHFHE

out B2 T :

In [15]: 14 in Out
Out[15]: False

1.5.4 HEXPEEGS
AR RESRIRUL RO AT A D S0, ¥history BEiir & 2lRE A L, 4 T 7
ATLLAEANTETENE 4 HA R4
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In [16]: %history -n 1-4
1: import math
2: math.sin(2)
3: math.cos(2)
4: print(In)

MBI, LA A %history? kA FH F L ARSSE B 0L N vl FHET I anmid . Hofh (0]
B BE Bty A8 %rerun (%A AW BH AT G A ) i %save (iZan Ao o s
A ARG RE — /) . AR AEIRECE 240 fE 8, BIRMEM 2 BhIhee (EHIES
Wo1.245),

1.6 IPython#ishellég %

2 5FrifE Python figReds 22 LI, (R4 Il — A 4 N5k —— IR EAE L A Python
THF ARG A A7 L RS O Rk E P, ifi IPython AJ LAFS #kix AN 84, JF HARHEL T1E
IPython £ Jiii L B4AAT shell Air ARG . X —Hh A R ZhRER fE FUSICSSC B . —frrhfE
fifE ¢ Z G2l Python WEGETT, il RGEar & 11117,

DA NZBE RFEFH —/~2 Unix £4%, 40 Linux 3% Mac 0S X, T 3CHAY—2oRGIanE
1E Windows &Gt iafT &k, K4 Windows ST BRINE FHRYAE 52K Unix 2SR
shell, (%K EF 2016 4F- & fi f£ Windows 4t H Al LLiz 475 £ /) Bash shell, FiLAfEARA
JERXFEARAN @ T 1) AR AR shell fv 4, HILPREAE Software Carpentry Foundation
f shell Z#2 (http://swcarpentry.github.io/shell-novice/) ,

1.6.1 shellfREN]

FKTAfal{E ] shell / iy / A A ATHISE R BAEAR I THETEE N, (HRBAABAE
(ARSI IR R T — i PRIE AT THE o shell & —Fudl i SCA 5 THRALZE LAY TS
Ko H 20 22 80 AP, FARFER LA LE R (ECLIRE Eik) BEIZRIER
SR, REBOHREHUN P CLBGE Tl 0 S i fe s 505 75 N S B IE R STt T 28
b, {BR, #1ERGRAEXLEEIE N - S m B 2 s A (e, ELRI0] 3 S i i A A
Kl HPESRRTE A —A 4, R A S HITES . ZLERHNRR R
Gixe shell oIS, I H KL EBIERAVESR A K A TR BN SRR I,

BUEATE shell AN RTRESS(A],  BHRA @ {7 ot o o BEARFISE Mgk v LASE IR 24255, 4
fr 2B e R 02 shell P ATREARFH 75— /N (R EUR [R1 0 W TE A & 17 10 0 Hhid A sk RE
SERATESS , AT 2R E s EARFISE ALY X WAL SR ATRE R — AN A H R A2 )5, R
58, shell X F AT 55 REdR 100 L P bl fE, 2, FATHAEAKIN shell 17 2]
L ER L Bl T AU P A,

Bil4n, LLFA&—HP7E Linux / OS X 2GRS, GIAE MO AES 120 shell 2516/
Al (osx: ~ $BAERTF, 16 $ TS /Gl NEAMANG 4 16 # 2RISR —4
R, FEARELERRANE) -

m
ik
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osx:~ $ echo "hello world"

hello world

osx:~ $ pwd
/home/jake
osx:~ $ 1s

notebooks projects

osx:~ $ cd projects/

# echoZ&{LlFPython[TFT El e %
# pwd=ATE TIEM 12

# XA IR

# Us=FIlH 4 Rr% RN

# cd=ps 2

osx:projects $ pwd
/home/jake/projects

osx:projects $ ls
datasci_book mpld3 myproject.txt

# mkdir=GIEE AR S

osx:projects $ mkdir myproject
osx:projects $ cd myproject/

osx:myproject $ mv ../myproject.txt ./ # mv=FEzhC{, X HBE
# SC{Emyproject. txt )\ _—2%
# B HBBEIM AR /)
osx:myproject $ 1s
myproject.txt

TR, DL GI O A iy 4 i ARl o B RS R A TR R R (R
BRI, BIERAE, B ) BRI R, AR, (UGEE LA
A4 (pwd, s, cd, mkdir Flcp) 5t ATDASE BOR 2 BUH W SCHR R, S iRddT—
LE S RAL S5 I, shell B idEH A M.

1.6.2 IPythond Ayshellfp4

PRAT LA A | 755 (BT ZRF TPython hRAT FF (5 445 @r 4. {41, Us. pwd Al echo
A TR F 2B 4T

In [1]: !1s
myproject.txt

In [2]: !pwd
/home/jake/projects/myproject

In [3]: !echo "printing from the shell"
printing from the shell

1.6.3 frshellfE NS EHE

shell 4y 4 A X AT LA IPython HHFH, i8] LAFN IPython iy 44 %5 RIJEAT28 B, fl4n, R+
DLt it — I RINFRREAE (T shell dir & F9%0 H R A7 2] — > Python %13
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In [4]: contents = !ls

In [5]: print(contents)
['myproject.txt']

In [6]: directory = !pwd

In [7]: print(directory)
['/Users/jakevdp/notebooks/tmp/myproject']

R, XEEERIFALFIRAIEAGR [, ikl Python g SLH— M5k shell iz 1] 26
libyiZawiy R

In [8]: type(directory)
IPython.utils.text.SList

X & 0 Python FIIFEMR(GR, FHEH WTLMRFIFR —Fe#fE, (HEXMRADAE L MIhEE, 6
40 grep f fields LA s, nfilp @k, RIS SE . SIEME REES, RaTLL
F TPython [A'E HIHE Bk B £ I TEELTE B,

B—AT5 a2 ., B Python 28 (% A shell, ®JLL#E {varname} 1Z7kSCHL .

In [9]: message = "hello from Python"

In [10]: 'echo {message}
hello from Python

R AR TERFE SN, 1E shell 4 rf FHS2BRAE SRR,

2 AN
1.7 SshellBxIExHm<S
$4{ TPython shell —EHMF TS , VAT RE AP TRl AR 1cd Sk S 222k

In [11]: !pwd
/home/jake/projects/myproject

In [12]: 'cd ..

In [13]: !pwd
/home/jake/projects/myproject

J5 & Notebook H1J shell iy &g £ — M 57 3 shell b ATrY, AR IRA ELL—Fi
FRARY T 2ROE e TARRS AR, ATUMEH %ed BED: 4

In [14]: %cd ..
/home/jake/projects

FL b, BIAFI T IREE AU % 75 55K BIL T RE -

In [15]: cd myproject
/home/jake/projects/myproject

KRR EMEFRIE A Bh s (automagic) %k, RILLEIT %automagic JiE{s R EIES THEIE: .




BT %cd, Hofth ] FH AR AL, shell BY BE 7 BRI 508 A %cat, %cp. %env, %ls. %man, %mkdir,
%more. %mv. %pwd. %rm F %rmdir, 4R automagic #EFTH, LA EAR(—A Bk AERaI LA
B % PR, XAEEURATLLEF IPython $27R 7724 1R85/ shell —FE(d HH .

In [16]: mkdir tmp

In [17]: 1s
myproject.txt tmp/

In [18]: cp myproject.txt tmp/

In [19]: 1s tmp
myproject.txt

In [20]: rm -r tmp

X FRFEFN Python 231G R A% 1 i [a) shell 53, k& UR7E4w%H Python fCRDIE, W
LA/ AE Python fifB &5 F1 shell 22 [A] 3 [0 E145 A 7 8

1.8 $Ei=FAK

AT e FOBHE 50 B 28 T5 2 — ST, i IPython &L T — R FIHE X — i A 80 /Y
TH, X B2 48— o551l Python S R UL TR, AR5 PRFE IR b HF iR
T H,

1.8.1 EHIFE: %xmode

KEEHE, 24—/ Python A RPA @I, ST —AS . MMRRE IR R X L
W —/N, FTUAESITE (traceback) HkEI 5 X AN HARMIIRI . FIH %xmode JE&E
PLER %, TPython RYFIRAESEH KA HIETENME BR SR, UL R FRRD A 6.

In[1]: def funcl(a, b):
returna / b

def func2(x):
a=x
b=x-1
return funci(a, b)

In[2]: func2(1)

ZeroDivisionError Traceback (most recent call last)

<ipython-input-2-b2e110f6fc8f~rgt; in <module>()
----> 1 func2(1)

<ipython-input-1-d849e34d61fb> in func2(x)
5 a=x

6 b=x-1

7

S return funci(a, b)
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<ipython-input-1-d849e34d61fb> in funcl(a, b)
1 def funci(a, b):

“_ee> 2 returna / b
3
4 def func2(x):
5 a =X

ZeroDivisionError: division by zero

VA func2 BMECRE— AR, BETEDRIBLE FTEASE B e WAL T4 BOAMEILT,
RAEE B RAEILT, R T SBERRIE PRI L T30, FI %xmode BETLERAL (fH
HREEX), TUASEITEIE A,

%xmode H — N AZH, AR, BERAE 3 AL . Plain, Context [l Verbose, ERIA
1L T2 Context, IR AVHIHE RILNTE L Wit Plain BWIRE, HHAVEEED.

In[3]: %xmode Plain
Exception reporting mode: Plain
In[4]: func2(1)

Traceback (most recent call last):

File "<ipython-input-4-b2e110f6fc8f>", line 1, in <module>
func2(1)

File "<ipython-input-1-d849e34d61fb>", line 7, in func2
return funci(a, b)

File "<ipython-input-1-d849e34d61fb>", line 2, in funcil
returna / b

ZeroDivisionError: division by zero

Verbose BEANNA T —LBUMIE S, WG L TR A R B0 225 .

In[5]: %xmode Verbose

Exception reporting mode: Verbose
In[6]: func2(1)

ZeroDivisionError Traceback (most recent call last)

%Pd%
ik
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<ipython-input-6-b2e110f6fc8f> in <module>()
--> 1 func2(1)
global func2 = <function func2 at 0x103729320>

<ipython-input-1-d849e34d61fb> in func2(x=1)

5 a =X
6 b=x-1
-> 7 return funci(a, b)

global funcl = <function funcl at 0x1037294d0>
a=1
b=20

<ipython-input-1-d849e34d61fb> in funcl(a=1, b=0)
1 def funci(a, b):

> 2 returna / b
a=1
b=20
3
4 def func2(x):
5 a=x

ZeroDivisionError: division by zero
XL B T LTS B R R BL A T 4 & HBLR . %4%&ATT%%%%¢%E%
Verbose f:WR? X & B A AR AR &, X A5 Nl B s &S AR K. R
PEATAMESE, A BRI 8 224 A B 5 I P,

1.8.2 iX: HELEHITIE A B LSRR (o] AT

FRAERY Python 2¢ H AR L HA pdb, ‘B4 Python MUIHIRE:, X MHRER LUFH P B2
TR, DMERE AT RESHEHRN R, IPython HE5R IR AR IHIA 25 4% ipdb, ‘B4 IPython
LTRSS,

JAEAE X ARG AR S, XEAE—— N, IR DUl fE L SR 1 e
TENMUEZEER.

Iwmm¢§ﬁﬁﬁﬁﬁﬁﬁT%%a%%w%%mvT AR ARSI S e TR %A
Ry, BEERTHAIIT AR EREIRIE R, ipdb HERFFLER AT DFE S22 [H Y
ém%u,ﬁﬁTﬁﬁi,%iLﬁWMmmA'

REERLIIRE, RIEHIT i RS ——3TED a f1 b AUME, SRIEHIA quit REER
PR &6
In[7]: %debug

> <ipython-input-1-d849e34d61fb>(2)funcl()
1 def funci(a, b):
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“_ee> 2 returna / b
3

ipdb> print(a)
1

ipdb> print(b)
0

ipdb> quit

XA ZEE PRI RN REA I andt, FA T T DA B BD AN oA R &8 R

In[8]: %debug

> <ipython-input-1-d849e34d61fb>(2)funci()
1 def funcil(a, b):

----> 2 returna / b
3

ipdb> up

> <ipython-input-1-d849e34d61fb>(7)func2()
5 a=x
6 b=x-1

---> 7 return funci(a, b)

ipdb> print(x)

1

ipdb> up

> <ipython-input-6-b2e110f6fc8f>(1)<module>()
----> 1 func2(1)

ipdb> down

> <ipython-input-1-d849e34d61fb>(7)func2()
5 a =X
6 b=x-1

.- 7 return funci(a, b)

ipdb> quit

X LEPRATEAPRE R S B DRI A, I L& R — 1 ef B 8 T 8 iR

AR AR A AR AEAT (] S AR B B R sh IR &, nTLLH %pdb BET: bR Bok B ahix 4~ B
@ﬂﬁ:

In[9]: %xmode Plain

%pdb on

func2(1)
Exception reporting mode: Plain
Automatic pdb calling has been turned ON

Traceback (most recent call last):

File "<ipython-input-9-569a67d2d312>", line 3, in <module>
func2(1)

=z
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File "<ipython-input-1-d849e34d61fb>", line 7, in func2
return funci(a, b)

File "<ipython-input-1-d849e34d61fb>", 1line 2, in funcl
returna / b

ZeroDivisionError: division by zero

> <ipython-input-1-d849e34d61fb>(2)funci()
1 def funci(a, b):
--> 2 returna / b
3

ipdb> print(b)

0

ipdb> quit
wJa, WRIRA A, HEARUR RS T, WAL %run -d dr 4 kisfT,
FEFITH next iy 4 820 ) T 28 B IS 710D,
BoERGS
X RN A T — s T H R IR A A, TRAEE T L% HEBA Hivam 4
B AR

we ik

list PR SCHE  RT R A

h(elp) B4 AR, Sulrdkiee r A IR
q(uit) RS FIR T

c(ontinue)  RHIAIARE, kSLsfifery

n(ext) BRBIRE PR T —2

<enter> HEF—

p(rint) FTENAS &

s(tep) BT

r(eturn) PR HY

TEVE & H (5 help 4, B AR tpdb UFELSCHY (https:/github.com/gotcha/ipdb) 3k
U Z RIS B

1.9 KAy AT

FETF RARRSFN B B Hm AL PR E R A, 2 RS Bl X Z ARE, (HAETFR
AR R e X e SR . IEANS BRI A B T K2 97% HIRTIH], F&
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MRLZSICH R ZE R 1 L — DR EAAR R

Ak, —HBRWBzfrEk, fEaiisir8eeasa i, A EERSEMmLSS—
Hear A st EEHES A, AREEA 24T R E — R E 2R ER M
AE#E A M. Python #2471 2 P AT X SRS LI Fnsy Hri s B s B . Tl PR B LA T
IPython BEH: 4>

%time

Xt BN TE AT T IR AL ZEA T TN
%timeit

X EANE R PATHEATIHN, CASRAT 5w A R
%prun

FIHI o3 Hr e iz ACHD,
%Llprun

FIRZE o Hr g izt TR,
%memit

D AN TE AR AR
%mprun

I RTINS B d s A TR,
B A4 & B A IR R & 5 IPython IR 48 11, R 75 2 42 3¢ line_profiler 1 memory_
profiler ¥ &, TR PREAERE TR I 43X 2oy e,

1.9.1 RABEZITHE: %timeiltFA%time
L4 i BE 2 bR B3R AT T I 48, BRATT TR T %timeit £7 BN %%timeit BT LS,
Horp wwtimeit a] LIRS BB st R MR ARSI 17 ] -

In[1]: %timeit sum(range(100))

100000 loops, best of 3: 1.54 pys per loop

FEEERE, DO MRIERYE, FRLL stineit [ DL ARYE BAEITR S %K. X TR
A, wtimeit Yt A 2 ARk EE BATHIREL
In[2]: %%timeit
total = 0
for 1 in range(1000):
for j in range(1000):
total += 1 * (-1) ** j
1 loops, best of 3: 407 ms per loop

A EE — M RIEH AR R AR, BN, RA—AFIRTFEHF, RIS HE

SEMERT. W TUcHE PSR THET, B — AT PR AT HE P 2k, P
DL s R S5 R IR 22 -
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In[3]: import random
L = [random.random() for i1 in range(100000)]
%timeit L.sort()

100 loops, best of 3: 1.9 ms per loop

P X AL, %time BEVL AT RE& B AFHIESSE . X T is TR K Ay dr Aokl , 2k
A RGAE IR A KT RERIES H, IF 4 %time BEL BB — A FAESE, TRA—
AT B F—A CHE P 5 ZR AR 2 B T
In[4]: import random
L = [random.random() for 1 in range(100000)]

print("sorting an unsorted list:")
%time L.sort()

sorting an unsorted list:
CPU times: user 40.6 ms, sys: 896 ps, total: 41.5 ms
Wall time: 41.5 ms

In[5]: print("sorting an already sorted list:")
%time L.sort()

sorting an already sorted list:
CPU times: user 8.18 ms, sys: 10 ps, total: 8.19 ms
Wall time: 8.24 ms

ALLEH, B CHEF SR A7 HE i b AR HE R 0 5 R A HE AR 22, (HRBN(E
RIAERT CHEF AP FR AT HE R, H %time PHEH b %timeit THIHE TR AU AISEK, 3%
AW T %timeit fEICEM T —LEAREE B S15 ok BHLAE A Ge i H 6 T B TP, f6il4n,
wtimeit 2 P (F {5 EEARF A1 Python ¥t % (BILIREIN), %Al ResZmiltnt, Fik,
%timeit 3@ LL %time FHLFFFIEER,

Fwtimeit —Hf, %time BEIK A At ] DUl I WA 23 58RI L AT RS THN .

In[6]: %%time
total = 0
for 1 in range(1000):
for j in range(1000):
total += 1 * (-1) ** j

CPU times: user 504 ms, sys: 979 ps, total: 505 ms
Wall time: 505 ms

KT %time F1 %timeit (Y 215 LA BN TR IS H0EDL, wTEL#E G IPython HYHS B DhiE
(4nfE IPython $2/RFF i A %time?) FREL,

1.9.2 SHENBIZA: %prun

— R AR £ BN TE ALY, A B 6k R A AR T it B BN 15 A TR I
Python L& — AN BRI ID 43 Hr 8% (PR ] LAAE Python SCRS A TR E L AHR{E8), HE
IPython $&4E T —FP5E J5 (A 5 Rk fdi X Aot g, BIGE B 5 R L %prun SEHE,
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FELLTOIF-rb, AT SC— AR A R B, IR e — 2 TR

In[7]: def sum_of_lists(N):
total = 0
for 1 in range(5):
L=1[j~ (> 1) for j in range(N)]
total += sum(L)
return total

BUAEH %prun F—A R ECE TR B o bk

In[8]: %prun sum_of_lists(1000000)

7 Notebook H, & RATENET I, 21 NHR:

14 function calls in 0.714 seconds
Ordered by: internal time

ncalls tottime percall cumtime percall filename:lineno(function)

0.599 0.120 0.599 0.120 <ipython-input-19>:4(<listcomp>)
0.064 0.013 0.064 0.013 {built-in method sum}

0.036 0.036 0.699 0.699 <ipython-input-19>:1(sum_of_lists)
0.014 0.014 0.714 0.714 <string>:1(<module>)

0.000 0.000 0.714 0.714 {built-in method exec}

EERFE AN, AR A B R SRR, SEoR T WB A TR R e . FEIX
A, RES AT A AE sum_of _Uists UFIREE A . sl WEx Mot F&ATAT
CAFF 4 7% JE i it PR R MR LR AR TH RLIL I PERE .

T %prun I E £ 45 B UL BT A2 BGE T, " LLE o IPython B HS Bh ZhfE (£
IPython f&/RFF A %prun?) FREL,

1.9.3 H%lprun#iTERITo#T

FH %prun IHCHED s A s EGH AT o HrAR R A L (RA R AT o A iR S 5, %D
REF{%H W& T Python B¢ IPython, {HAE R LA I %2 2% Tine_profiler @ SCHL, & 5LF]
FH Python Y5 PR T H. pip 2%t line_profiler fi:

[ Y,

$ pip install line_profiler

TR AT LUH TPython S A line_profiler fLHE AL IPython /& .

In[9]: %load_ext line_profiler

IULE %lprun fir 45k AT LW B BB T8 AT 04T 10 AR T IRAIGIF-rh, B 1752 s
Lo HTIIRLE R

In[10]: %lprun -f sum_of_lists sum_of_lists(5000)

FIRTEPERE D Hrit f2—4%, Notebook £ 7E UL iR [BIZEH, 4 FHiR:

Timer unit: 1e-06 s

Total time: 0.009382 s
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File: <ipython-input-19-fa2bel76cc3e>
Function: sum_of_lists at line 1

Line # Hits Time Per Hit % Time Line Contents
1 def sum_of_lists(N):
2 1 2 2.0 0.0 total = 0
3 6 8 1.3 0.1 for 1 in range(5):
4 5 9001  1800.2 95.9 L=[j~(>>1) ..
5 5 371 74.2 4.0 total += sum(L)
6 1 0 0.0 0.0 return total

B LIRS B4 T DX Lo R py OC s . il h I A7 IA] B2 iR, FROT AT AR 2
FEF B Eeth 75 BcfEmt . mTDLE i 2o B B ek AT, {8 O ot SEERERAT IR H Y
W% 56T %lprun fUfE BLUL KA S H0E T, W LLE T IPython FIFEBY BhRE (7E IPython
FERTFRHIA %lprun?) FRER,

1.9.4 F%memitFN%mprunitiT R FES T

F—Fo Mot — M EREFT N R, X el LLd i IPython B9 75—/ SR PEAS, HD
memory_profiler, #ll line_profiler —££, BE4eH pip I R .

$ pip install memory_profiler

SR 5 H TPython S AIZY i

In[12]: %load_ext memory_profiler

INTE AT AR /G THRY BE 2 R A . %memit BEJLERAL (‘TARMEAY AT EE L ThRE2
fU1F wtimeit) A %mprun BEZL BB CEHLHEHI AN TEIRELEFEAE ST ¥lprun), %memit
BRI A R AR 8] P«

In[13]: %memit sum_of_lists(1000000)

peak memory: 100.08 MiB, increment: 61.36 MiB
AILVESR], XA EREBCRBEHEE T 100MB A AF

o T-BAT AL AT RS A, LA %mprun JBE7: BRI, (HRSERDR:, SXANBE I R AL (U
ot il 7 R PR B B BCE Z, TiR T Notebook 25 & e e, FTLAE 56 A %%file JBE{: R
B OV — AN AR, BFIZ Ay & 2 mprun_demo.py, ‘BALE sum_of_lists A%k, i%
R LA — R, RE G NAT 40 B 5 R BT I -

In[14]: %%file mprun_demo.py
def sum_of_lists(N):
total = 0
for 1 in range(5):
L=1[j~( > 1) for j in range(N)]
total += sum(L)
del L # remove reference to L
return total

Overwriting mprun_demo.py
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WAL E S AR, Hsirairmaotres:

In[15]: from mprun_demo import sum_of_lists
%mprun -f sum_of_lists sum_of_lists(1000000)

I A HTENAEE SRR 1 1% R B N AT RENS DL, 4 T R

Filename: ./mprun_demo.py

Line # Mem usage Increment Line Contents

4 71.9 MiB 0.0 MiB L=1[j~(j> 1) for j in range(N)]

Filename: ./mprun_demo.py

Line # Mem usage Increment Line Contents
1 39.0 MiB 0.0 MiB  def sum_of_lists(N):
2 39.0 MiB 0.0 MiB total = @
3 46.5 MiB 7.5 MiB for 1 in range(5):
4 71.9 MiB 25.4 MiB L=1[j~ (> 1) for j in range(N)]
5 71.9 MiB 0.0 MiB total += sum(L)
6 46.5 MiB -25.4 MiB del L # remove reference to L
7 39.1 MiB -7.4 MiB return total

Increment #I|& UR F A 14547 A AD X B A7 TREL AT 52 . G AN BRF 2 L i A5 T 25MB
MINAF . XA T Python ﬁﬁ%%%zl-‘%ﬁl‘ﬁ'iiﬁﬁﬂ\]ﬁ FIREIERSY

FF %menit F1 %mprun [ £ 15 BUAKRAECI S EGET, "L TPython YA BhEhRE (£
IPython $ R FF A %memit?) 2REL,

1.10 IPythonZ&%&&#}

X —FE (U PUH BT 28 T AnfalF A TPython SE M BAR LR 55, (R mT LAAEHfb [ 5 R0 LIk
W _EHFIE L F 8. TmsE T — e G R A H B B .

1.10.1 MEKEIR

IPython M 3& (http://ipython.org)
IPython WISGEHESI & PRI SR . 7Rl BOFRLA AR 2 HoAth TR 5.

nbviewer B 3% (http://nbviewer.ipython.org/)
I?I_JJIEETTHQE‘J:EHTH%E'J IPython Notebook HUERAEHNFE, ZMESIE TER T —
LE7R {5 Notebook , i it iX 287~ (il R al LAFE I Hefh A A IPython i 124

H A4 [Python Notebook %4 (http://github.com/ipython/ipython/wiki/A-gallery-of-interesting-
IPython-Notebooks/)
iX A nbviewer 8471 4 Notebook %126 (I HLiZFIFEAEAWIHIK), /R Tl
it Python WILAEAT 288, £ ) HIEIE S BT, BREIER/NIRG], 2EREEREL R
Notebook #& 2 HI 5,
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AR AL
Wt MR GRER, fRAT LA E R £ IPython RUALAR 20 2., 58 51 & i /R 18 2% Fernando
Perez F1 Brian Granger {E PyCon, SciPy Fl PyData £ i F AI#LA%, fth{]1 {7/ IPython
F1 Jupyter 13 T QIEE Fuge i,

1.10.2 #HxBEH

A B Python 347 348 547D
Wes McKinney FJiX A5 H—3 /48 T 4@ Bl B2 K AFE(E A IPython, REH Y
RENES EMNMBOINEAESR, (HZ2 A BNERE,

Learning IPython for Interactive Computing and Data Visualization (http://bit.1ly/2eLCBB7)
Cyrille Rossant fJiX A<y 455+ 2nfal F IPython A T40HE /0 HP1E TREFHIIT 24,

IPython Interactive Computing and Visualization Cookbook (http://bit.ly/2fCEtNE)

XA HLAE Cyrille Rossant fUETE, BREEER, HHEANSE T4 Python FTHIEF
T AR KT IPython 19, B K THAREIAHEEE, B3,
IR AR R IR, IRATLLA ok H6B) . AnRIRRETC /0 H2 % (E H] IPython Ay 2 3X\H:B)
e FEIEZS W 1.2 7)), SHRKRAERY ., YIRFE AR BRBNE BRI RGN, "TEUH

XA ThRE K #4R IPython FEAEIIETA T H.,
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B28E

NumPyA ]

AT 3 FAF T 4L Python AT, FEGEFIRIEN A BRI LT, XA F 8
BTz, POABIRERRESHEAEToFE, ascifes. BRES. FERBRE
A BlaBR R, 5%, XEEHR B EV TR R, (HER A B B B
BB R AR A B T IR TR AR AL B AL

Bilgn, wLCKEIR (BHRARTER) B EE R T8, XS T BARELK
BB EE s BT RN RIFA5% B — 450l s SO T Ld o & F o 204k,
BUEFOR, — Rl RERD 4 F — REHI B R ] S Tl IR . A B i
AR, 58— 2P i X Lo e i B B B BT S AT o i B (5.4 194 S 1R
I 28— LE B PR AR B o

B, A S AR B AR B R SR B b e ey B bt B . FRATTRE AT 28 Python
AR SRACEE X SE 50 T B2 A9 T B . NumPy £F1 Pandas i CRAZESS 3 BA4E).,

ARERTEH ST 28 NumPy, NumPy (Numerical Python BUTIFR) $24E T &3 G i e % 4
KARZAFIEE N, RS T, NumPy %7405 Python N B FI R AR H AHLL, {H 2R
EEAAEE AR, NumPy BCEH R T 500 & 2y A7 g Fn B #:7E. NumPy %040 JL-F
A&HEAS Python i FteE THA B RGNZ.O, Fik, NEVRBEE B2 AN 75 1 %
i, AL ARl S A A 2o 8 FH NumPy #5283 BT,

R RV RTS8 H AU I 3E T Anaconda, A MRE L %S4 NumPy, Frl LA#E H &
T WRPRAREANARIEIR, NATLAE] NumPy (355 (http://www.numpy.org/) #2FRH 223455
WEfr2edt, 2¥EE, RIS A NumPy F R SEVRAY NumPy FiAs .

In[1]: import numpy
numpy.__version__

Out[1]: '1.11.1"
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AT AT 281 NumPy Fhig, FREILIRME N NumPy 1.8 Je ZJGHIMRAS . JEIEESE, R
H & HL SciPy / PyData #- X H IR Z 8 AHEH np VR4 FA NumPy::

In[2]: import numpy as np

AL ZIRHINZ T, AR X A5 s AFI6E ] NumPy,

Xt A B AR AR

AR AT, RBEC Python 84 T ik £ 09N 07k (B TabiEAH)
AAE), URSMHFGIE (A2 H5), RELZEEZM—T, TU#= 1.2 ¥,

4o, #27 numpy 4% ZRI A R, TUAR W TFH X
In [3]: np.<TAB>
% 27 NumPy A E &4, TUARAW Tz X

In [4]: np?

TR IR F 1m0 A AR AHAE A= AR, ¥T VA 37 ] hitp://www.numpy.org,

2.1 IEfEPythons &R A

ST m A B IR B A AT, T SRR AR AR A An (TR A7 R AR R . AR ST 284
Python I & FP AR B A AR ANl BE ALY, FEXF b NumPy Frfft ke, BEAgX A AR 2 ik
e B EA P H AL N 2 IR

Python Y F PAEAEBE LS AT S |, Horp— A5 Z A AR T ah S . #RASRAIE
5 (40 C i Java) HAEFES A RAWFM A, mzh&RAMTES (140 Python)
Al LABKIE X MR LE . BlanfE CIES ., RATRESHE AN T 5 5458 — N Feok e
[* CACRY */
int result = 0;
for(int 1=0; 1<100; i++){
result += i;

}
ififE Python H, [A] 5 HAE AT LA HE AR 5 S .

# Pythonfthg

result = 0

for 1 in range(100):
result += i

ERX EEKIARZAL: /£ CIEFY, B RmAEIR TPt A5 MifE Python
KA ZNEHMERY . X R fT DR 2 B AR+ e 25 AT (] A

# Pythonfthd

X =4

X =

4
il

"four"
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X B O x AR RN RIS R T AR, M ERERERETE CIE S RS 8 (B
TR E) FmiFiRsH AN e R

[* CRREG */

int x = 4;

x = "four"; /[ ZeiFIRNk

XA RGP E Python FIHAR AN ARG = 8 5 IR Z —, B —Feik i T0E
72 2] Python A2 H @ B A i B SN 38, (R X R RGP T —/~3
% Python B RAPUE EMMIIE, LEHE TR TERREA—LHIMER, AT TRAY
N T TR 41

2.1.1 PythonBR RN E—EH

FrifER Python SEELE FH CIES S B, XM E &1 Python AR HAE—MHEAR T C
EEEME, SRR EHE, S HMER. Flan, 4R Python g L—/
ReAl, fil4nx = 10000 B, x FEAL A JEAT AL, g EE, R CIEE
ME A&, HERaE T —(E, &% Python 3.4 MRS, mILIEILEER (K%
) WMEXL, WFPR (CIEENERET RZE) -
struct _longobject {
long ob_refcnt;
PyTypeObject *ob_type;
size_t ob_size;
long ob_digit[1];
1

Python 3.4 Hif)—AN4EAISEER - AdE 4 50,

o ob_refent &—/N5FHit4%, ‘©F5E) Python BRERHACHE N AR 2> Be AR,
 ob_type BAF R A GHT

o ob_size fig& 1 FARMIEIE K HIIR/D,

o ob_digit WA 17 E Python 2% F K /RAYLFREERIE,

EXEWES CIESXHEMNSIFIE S PIVERIIELL, 7F Python FAF-fif — AL H — LIt
B, EanE 2-1 Bk,

Python#& 7Y

CHT—p] 1

B 2-1: C 2] Python AKX

iX HL Pyobject HEAD JEA5 PR rh AL & SR THEL. 8T RA A At 2 R SR BTN A ¥R 5y o

30 | #2E



B ZERET, CIBET AR LR AN ERPRSE, B0 S
ALY, T Python U R H 98— /N84, 1RIAIE XA Python XA 15 BRI EA N
L E, Hh AT D 8 R 7, T Python YRR S (& LA AL & T KR
SMIAE B, BrLA Python WJLLH H. ZhAMgmih, 1HA&, Python 27 i yixX Se%i /Mg B AL
SRAR, LN MRAAEWERET LT,

2.1.2 PythonFl|RARRE—1IIFR
AR F— /N0 & 1R £ Python X4 [ Python BB &5, S &AM 42 Python H1FR
] AS Z oL B R A A . ATLARH T A — A R E 555

In[1]: = list(range(10))

L
L
out[1]: [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]
In[2]: type(L[O])

Out[2]: int

B B F A BIER

In[3]: L2 = [str(c) for c in L]
L2

oUt[3]: [lel’ lll’ lzl’ |3|’ |4|, |5|’ I6‘, |7|’ I8‘, |9|]
In[4]: type(L2[0])
Out[4]: str

K74 Python [ah& e ke, HE AT LAGIRE— /> Ay g3 .

In[5]: L3 = [True, "2", 3.0, 4]
[type(item) for item in L3]

Out[5]: [bool, str, float, int]

(HARIIA X ARG MRS H—E RO A TR R LERTERIRE, SR P —
T & AR E R, SURTHECIEMIE E, Wstdt, e — 1 mBgi
Python ¥4, KB —AHIRAIGIT, aRFIRAPHIA L RAE R RN, BLARLE
BHS B2 R R A R BB PR S . BB BIZR AN
SERAN (NumPy ) EER R B4R 2-2 fios.

FESCHLET, BEARAA LS — MRS m R, 5 —J7TH, Python ZIIR & —
AR R R, XA AR R — A SERE Y Python X4 (AnHTE A EI Y
Python ), F4h, FIRMILHRRE, HABNIIFICHER - LEEREMAERE L
(se s pgtk, i BT DR AR R B A BRI e . 172 288 1 NumPy OB Bk 20X
PRGN, EERE A BOAT i AR VR
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Nm p 41 Python1]3

[omoer 11} Lo
2

Kl : K
Uiy 4 o 0x310718
5 0x310748
HiR 6 0x310730
7 0x310760
8 0x310700
0x3106b8
0x3106d0
0x3106€8

& 2-2: C 5|30 Python SIRHIX 3]

2.1.3 PythonH B EERKE #H

Python & ft T JLFRF 58 £ ik (£ A 28000 . [ 2 R SR % A7 TP Ve I, N B I BCH
(array) #i (7€ Python 3.3 ZJE Wl ) RILAH T OIS — 2R 25504
In[6]: import array
L = list(range(10))

A = array.array('il', L)
A

out[6]: array('i', [0, 1, 2, 3, 4, 5, 6, 7, 8, 9])
FHP U R AR, FoREER AT,

B2 9% NumPy £ 71 /) ndarray %142, Python HYECZ % R AR T % 41 A 40 98 19 A 2 A7
fiff, T NumPy AiZ8da b 7 iR AE. e 4 Se i, X BUERR LAl
NumPy AT 1%

M np 51445 A NumPy FIRRIE 46 -

In[7]: import numpy as np

2.1.4 MPythonFl & |E %4H
B4, AILAA np.array M Python 51136 Gl 44 .
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In[8]: # HARIH:
np.array([1, 4, 2, 5, 3])

out[8]: array([1, 4, 2, 5, 3])
iHicHE, ART Python #1135, NumPy ZERA 4006 & R — KB EHE . AR AR T
fi, NumPy BFSxinl REEde (WURAIAT), X BB R FE40 A TF A
In[9]: np.array([3.14, 4, 2, 3])
out[9]: array([ 3.14, 4. , 2. , 3. 1)
TR A S I A B O RAE 2T, WU dtype GRS
In[10]: np.array([1, 2, 3, 4], dtype='float32')
out[10]: array([ 1., 2., 3., 4.1, dtype=float32)

)i, ANET Python 1|3, NumPy 54l w] LL#kFaE h 2 4E00, UL T2 HSIEIGIE LG
1t 2 i Bl v —Fh 5 s

In[11]: # #REFIFRM KL 45
np.array([range(i, 1 + 3) for 1 in [2, 4, 6]])

Out[11]: array([[2, 3, 4],
[4’ 5’ 6]’
[6, 7, 811)

NERRIFIZ S A AT

2.1.5 MNLBIZEHAH

TR KT HH A6, ] NumPy PAE YT i Mk OV B R — R s i 5 . DA T2
JLAR B

In[12]: # QIEE—ASK D 10RYEEH, BEARIIEHATZ0
np.zeros(10, dtype=int)

Out[12]: array([0, 0, 0, 0, 0, 0, 0, 0, 0, 0])

In[13]: # GUEL—AS3 < SHTF MU, B mfasi el
np.ones((3, 5), dtype=float)

Out[13]: array([[ 1., 1., 1., 1., 1.7,
[1., 1., 1., 1., 1.1,
[1., 1., 1., 1., 1.1D)

In[14]: # QIR /3 < SR, KAMERE3.14
np.full((3, 5), 3.14)

Out[14]: array([[ 3.14, 3.14, 3.14, 3.14, 3.14],
[ 3.14, 3.14, 3.14, 3.14, 3.14],
[ 3.14, 3.14, 3.14, 3.14, 3.14]])
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In[15]: # GUEC—A 3 < SUTF s, Bl — 2tk al
# NOJFLh, F2045K, PKA2
# (‘BN ERIrange() ML)
np.arange(0, 20, 2)

Out[15]: array([ 6, 2, 4, 6, 8, 10, 12, 14, 16, 18])

In[16]: # GIE—ANSPICEMEE, X5 EEY )y il e~1
np.linspace(0, 1, 5)

Out[16]: array([ 6. , 0.25, 0.5, 0.75, 1. 1])

In[17]: # QUEE—A-3 x 30y, {EO~1I%) 5 A UBEHLACZH BRI AR
np.random.random((3, 3))

Out[17]: array([[ 0.99844933, 0.52183819, 0.22421193],
[ 0.08007488, 0.45429293, 0.20941444],
[ 0.14360941, 0.96910973, 0.946117 1])

In[18]: # GIE—A~3 =3[y, WIEAhO, JZEHh1m)
# RSO AT I HLACAA
np.random.normal(0, 1, (3, 3))

Out[18]: array([[ 1.51772646, 0.39614948, -0.10634696],
[ 0.25671348, 0.00732722, 0.37783601],
[ 0.68446945, 0.15926039, -0.70744073]])

In[19]: # GIE—A~3x3fy, [0, 10)X [AIAIRAHLEE A%
np.random.randint(0, 10, (3, 3))

Out[19]: array([[2, 3, 4],
[SJ 7’ 8]-‘
[0, 5, 1)

In[20]: # QUHE—A>3 x 3N s L7 4ERE
np.eye(3)

Out[20]: array([ 0.

1.

[ 1.
[ o.
[ 0., o.

[l

-]
-]
-]

. e e
. e

i)

In[21]: # QA B3AN AV B BRI AR Aa L B,
# BRI E RN AR R R
np.empty(3)

Out[21]: array([ 1., 1., 1.1)

2.1.6 NumPyfrELHIEHE
NumPy #0408 & Rl —28RIE, RILTEA T A Segdin 2 7 BRI R Ay, KA
NumPy & £F C 1E SR EFF AR, FrlA C. Fortran FIH A 2R TIE S H P& LR # R




2 2-1 A1 T i NumPy B 270, iR, U8 Edr, RTUA—-AFfES
HORARE R AR T .

np.zeros(10, dtype='int16')
B FIAESEAY NumPy %4 k457 -

np.zeros(10, dtype=np.int16)

&2-1: NumPyARERIESEEY

RS iR

bool_ fi/RME (. True ifit, False), H—A37i770k

int_ BRINEERD CRUUT CIES I long, #H I T2 int6s B int32)

intc Al CIEZMY int AHF GEHE & int32 8¢ inte4)

intp FTEZRDIEER (F1 CIE S ssize_t AHR], JEHFEIL T 1nt32 5 inte4)
ints T (byte, TLEM -128 3] 127)

int16 s (S —32768 | 32767)

int32 S (VB —2147483648 F 2147483647)

int64 B (FEHE M —9223372036854775808 F| 9223372036854775807)

uint8 TS (FEEM 0 3] 255)

uint16 TS8R (FEE M 0 F] 65535)

uint32 TR (JERE M 0 F 4294967295)

uint64 TS8R (FEE M 0 F] 18446744073709551615)

float_ floate4 [ fH fLIEA:

float16 PAFEIE AR RS LU, S EAR(T4R%L (exponent), 10 bbAF(7)2%( (mantissa)
float32 YURS BRI AR PFS LR, 8 LLARIAEs, 23 LR R Ak

float64 WOKS BEVE SR . RS biefr, 11 Ebierdesh, 52 EbERir A

complex_ complex128 [ {LIE

complex64 SH, B 32 fLIF SRR

complex128 SH, B 64 fniF SRR

S AT CATEAT T e B AR, G 8 o W B AR B 7  E Z Af BATLA
1€ NumPy 3044 (http:/numpy.org/) Hi#E% , NumPy H30HF 6 ARKM, X —AHE & 7L
2.9 i,

2.2 NumPy#iZE &5

Python H K1 JLF55 R T NumPy $H#80E, H A0 HELA Pandas TH (5 3 %d%
Ire) WAAEAE NumPy B ARl 2 BRT. AR RoR 28 NumPy 020 B UESREUEL
e, B T R R RERRRI BT . AT BRI R R AT RE I Ok A 2k
i, (HH A AR T AR AL G- R BN T, FTUAZEAF A T X 2E N % |
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AR LBLAT LA B IR
L&Y YA
PRI/, TR, TR/, Bn e,

¥meyEs)

PRI B A A e ERIE.,
Fmayin o

TER IS A RE 1% B /N T 404
ey T

AR 25 e B TR
By btdEsfe g

B2 BAAT A, DR — M R £ A

2.2.1 NumPy#AHRBE 4

B E—H B EE, © X =EABENLAIEH : — A —d 5. — > 45l fn—
A =4E5H, Fel TR NumPy RUBENLE A B a% 1% B — M FE, LABIER G R R AT Ik
HAT DA e R AR BB LS 2. «

In[1]: import numpy as np

np.random.seed(0) # K& FEHLEF T

x1 = np.random.randint(10, size=6) # —4E¥
x2 = np.random.randint(10, size=(3, 4)) # &%l
x3 = np.random.randint(10, size=(3, 4, 5)) # =%kl

BV nidn (CBEZARI4ERE) . shape (BRI R/DN) Fistize CBERMIERN) JEME:

In[2]: print("x3 ndim: ", x3.ndim)
print("x3 shape:", x3.shape)
print("x3 size: ", x3.size)

x3 ndim: 3

x3 shape: (3, 4, 5)
x3 size: 60

A —H AR R dtype, 'EREBEHAVERZES (2.1 WiiHed) -
In[3]: print("dtype:", x3.dtype)
dtype: int64

HAb vy R M EAER RN BER TR TR/ ttemsize, DARFORECEH SR/ My E b
nbytes:

In[4]: print("itemsize:", x3.itemsize, "bytes")
print("nbytes:", x3.nbytes, "bytes")

itemsize: 8 bytes

A
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nbytes: 480 bytes

— R, RTLAIACA nbytes #R itemsize il size PUSRFR R/ IHEE,

222 HAES|: FEEANTE

IR PR EAZE Python FIbRMEFIFRZS], ABLIR3T NumPy RIS 15 0t AN 2 P, 1 Python
GIFR—HE, fE—4Edh, RATEGEE P E SR E RS IR i ME (A 0 FFAATHHED -

In[5]: x1

out[5]: array([5, 0, 3, 3, 7, 9])
In[6]: x1[0]

out[6]: 5

In[7]: x1[4]

out[7]: 7

H TR R BFR S, ATLAUR USRS

In[8]: x1[-1]

out[8]: 9

In[9]: x1[-2]

Out[9]: 7
E2HHE T, TUAHE S5 35 oA R EUC S
In[10]: x2

out[10]: array([[3, 5, 2, 4],
(7, 6, 8, 8],
[1, 6, 7, 7]])
In[11]: x2[6, 0]
out[11]: 3
In[12]: x2[2, 0]
out[12]: 1
In[13]: x2[2, -1]
out[13]: 7
AT LAVHEL EZ 515 ke E :

In[14]: x2[0, 0] = 12
X2
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Out[14]: array([[12, 5, 2, 4],
[7, 6, 8, 8],
[1, 6, 7, 71D

THER, F0 Python AR, NumPy $2H A [ 2 28R, X Bk 24 PRI K — AN A
(EfA— A AIBEHR, TFAES R R, I HX LR A 3h5E i, A&
RSB, BTUATE SR B X — A

In[15]: x1[0] = 3.14159 # X:Preaisd
x1

Out[15]: array([3, 0, 3, 3, 7, 9])

2.2.3 HABYIF: KEXFEHA

IEANSE T A AR SR BUR AN B TSR, AT LU R (slice) fF53RECF4EH, Y1k
FFSMES (1) FIR. NumPy ) )7 BN Python FIZRAIERMED) i IEEHAR . 24 T 3RS
Hx =AUk, ATLUHECT 5

x[start:stop:step]

WKL E 3 ASEERRARE, WL NS il B EINE start=0, stop= 4 & #) X /I
(size of dimension) Flstep=1, Al IRFERARITZRANTI7E—2EFN 2 HEH 2 rh s R 5502

1. —%FHE

In[16]: x = np.arange(10)
X

out[16]: array([0, 1, 2, 3, 4, 5, 6, 7, 8, 9])
In[17]: x[:5] # RiHATCEH

out[17]: array([®, 1, 2, 3, 4])

In[18]: x[5:] # HBIHZIGHITE

out[18]: array([5, 6, 7, 8, 91)

In[19]: x[4:7] # PAIMIF4L4H

Out[19]: array([4, 5, 6])

In[20]: x[::2] # HGhE—A T

out[20]: array([0, 2, 4, 6, 8])

In[21]: x[1::2] # ER—AJCk, MESIUFR
out[21]: array([1, 3, 5, 7, 91)

TRATRESAEBAAE A TR N 2, FEXAMEI, start 250N stop ZACERIME B A Y

A
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IRl 36 A — el i 5 (58 e e B i 5 2K
In[22]: x[::-1]1 # PFroCE, WTH
Out[22]: array([9, 8, 7, 6, 5, 4, 3, 2, 1, 0])
In[23]: x[5::-2] # MZESISHMhER—/ N IcEE)T
Out[23]: array([5, 3, 1])
2. ZUETFHIA
240 R AR 5 b, HE 55k, Filn:
In[24]: x2
Out[24]: array([[12, 5, 2, 4],
[7, 6, 8, 8],
[ 1) 6’ 7’ 7]])
In[25]: x2[:2, :31 # WifF, =7

Out[25]: array([[12, 5, 2],
[7, 6, 81D

In[26]: x2[:3, ::2] # Pp&E1T, EhE—7
Out[26]: array([[12, 2],
[7, 8],
[1, 71D
w2 b T UL IR ) -
In[27]: x2[::-1, ::-1]

out[27]: array([[ 7, 7, 6, 1],

[7
[ 8) 8} 6} 7]1
[4, 2, 5,12]])

3. ZRENEA 1T
— il WA TR AR BB AL A AT RIS, OR AT LR 51 580 2 A te ok SEBLX A T e,
H—A8% () Rz h
In[28]: print(x2[:, 0]) # x2AUE—%
[12 7 1]
In[29]: print(x2[0, :1) # x2fsE—17
[12 5 2 4]
FEARIRATIN, T IEERI I R, ATLAEIS =Y
In[30]: print(x2[0]) #%TFx2[0, :]

[12 5 2 4]
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4. JFRIFERFHA

KTBHU A — R IREZWARE A M, ISR S Y AR B f 2 S SRR E, m
ARBIEBIEARIA, X — G2 NumPy £4H U) F Al Python 5112 V) R B AS R 2 4L 1E
Python #IIZr, Yl RAERIEIAS . Blansb i@l e —4e8en .

In[31]: print(x2)

[[1
[
[

[ENENEN)
o o un
~ o N
~N o A

1
]
11
MCFEFEER—AS 2 % 2 [F-504H

In[32]: x2_sub = x2[:2, :2]
print(x2_sub)

[[12 5]
[ 7 6]l

AR BSOS TR, BRBFIRGERA DS T &R THR:

In[33]: x2_sub[0, 0] = 99
print(x2_sub)

[[9s 5]
[ 7 6]]

In[34]: print(x2)

e
[
[

= N O
A o U
~ 0 N
~ 0 h

]
]
11

XFRECNA AT kb EARE A EERE LB RH RAVER SRR, nTUGRE AL

BUX SRR SRR R B, T A TR SR B & AT .
5. Bl EAMEI A

REBCHAL A — SRR A R, (B AR A LI foe WA A A SRR 2E B A B ol Bl

RARF AR, fTUARE AMET copy() J7 ks .

In[35]: x2_sub_copy = x2[:2, :2].copy()
print(x2_sub_copy)

[[99 5]
[ 7 6]l

WRBBOXA TR, JRAGHVBEHA S L .

In[36]: x2_sub_copy[0, 0] = 42
print(x2_sub_copy)

[[42 5]
[ 7 6]]
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In[37]: print(x2)

([
[
[

= N o
A o U
~ 0 N
~ 0 b

]
]
1]
2.2.4 AT

B— G AR R TR B RIS T, 0 7S T b RIGHI LB 5 A& 1 reshape() A%k
ez, flan, nRURE BB 1~9 A —A 3 % 3 WAEREd, TR 5k

In[38]: grid = np.arange(1, 10).reshape((3, 3))
print(grid)

[[123]

[4 5 6]

[7 8 9]]
R, WRGHIZGHET, LRGNNSR T GBI R h—8, anf
R IXA 4, reshape J5 B4 & B R AA AR — M HERIATLE . AHGbREOE, EIE
ESGIEARZAFIEIL T, R R AR EEEA AT RESS L,
T A W AR U R — A — e S 2] A 7 o e AT eI RS . PR AT DL
reshape 753 R SCE, B i BHLAE— AU E R FIH newaxis SEfET .

In[39]: x = np.array([1, 2, 3])

# il AR TR I AT I
x.reshape((1, 3))

Out[39]: array([[1, 2, 3]])

In[40]: # i@ itnewaxissRiFHIFT A&
x[np.newaxis, :]

Out[40]: array([[1, 2, 3]1])

In[41]: # WL TEIRAHIZ IA) &
x.reshape((3, 1))

Out[41]: array([[1],
[21,
[31D

In[42]: # #idnewaxis3RIEMIFI ] &
x[:, np.newaxis]

Out[42]: array([[1],
[2]1,
[31D

FEARBHHRE S, IRREEIR L XFET .
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2.2.5 HBBEMSHR

VLB R e AR e B — 40 201y, (AR WET R 2N BAHAEFH A —1, S —1%
PR LA, T RN 28X e E,

1. BUERBHE

PEE 8 NumPy 5 A~ %020 3= 2 | np.concatenate, np.vstack Fll np.hstack {4 f 5L
B, np.concatenate JFEL T S SN FNEAE NS5, W FHiR:

In[43]: x = np.array([1, 2, 3])
y = np.array([3, 2, 1])
np.concatenate([x, y1)

Out[43]: array([1, 2, 3, 3, 2, 1])
VR AT LA — R B A DB

In[44]: z = [99, 99, 99]
print(np.concatenate([x, vy, z]))

[1 2 3 3 2 19999 99]

np.concatenate YR L) FHF 250 4H 1 HEE .

In[45]: grid = np.array([[1, 2, 3],
[4, 5, 6]1])

In[46]: # {IVEF NPk

np.concatenate([grid, grid])

Out[46]: array([[1, 2, 3],
[4, 5, 6],
[1, 2, 31,
[4, 5, 6]1])

In[47]: # IVEF /MHbHE (NOFFLEFS])

np.concatenate([grid, grid], axis=1)

Out[47]: array([[1, 2, 3, 1, 2, 3],
[4) 5) 61 41 5’ 6]])

WS [ o 4 B AL BR B I, (6 np.vstack (FEEAR) Flnp.hstack (7kFAk) eSS
R
In[48]: x = np.array([1, 2, 3])

grid = np.array([[9, 8, 71,
[6, 5, 4]11)

# A RS
np.vstack([x, grid])

Out[48]: array([[1, 2, 3],
[9, 8, 71,
[6, 5, 411)




In[49]: # JKFAREAH
y = np.array([[99],
[991D)
np.hstack([grid, y1)

Out[49]: array([[ 9, 8, 7, 99],
[ 6, 5 4,91

5224, np.dstack By E S = A2 BEHHEEA..
2. #AAH 4y B

SPtEA R R 2, o2 LLE T np.split, np.hsplit F1 np.vsplit K& SEEL,
A[LARI A b e B Gt — AR IFIRIEASE, RolFIRICHRIE D RS E .

In[50]: x = [1, 2, 3, 99, 99, 3, 2, 1]
x1, x2, x3 = np.split(x, [3, 5])
print(x1, x2, x3)

[12 3] [99 99] [3 2 1]

EHEENE, NoRESEEI N+ 1 4T5EH., 200 np.hsplit Fil np.vsplit [ E: L
e

In[51]: grid = np.arange(16).reshape((4, 4))

grid
Out[51]: array([[ ©, 1, 2, 3],
[ 4.‘ 5’ 6’ 7]J
[ 8, 9,10, 11],
[12, 13, 14, 15]])

In[52]: upper, lower = np.vsplit(grid, [2])

print(upper)
print(lower)
[[0 12 3]
[4 56 7]]

[[ 8 9 10 11]
[12 13 14 15]]

In[53]: left, right = np.hsplit(grid, [2])
print(left)
print(right)

[(fe 1]
[ 4 5]
[ 8 9]
[12 13]]

(L2 3]
[6 7]
[10 11]
[14 15]]

[FIFE, np.dsplit FREEHINES = HEE o 2.
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2.3 NumPy#ARITE: BHERE

FIHFCA L, FATHE T NumPy B —2ERE iR, 7R85 ToRAJL/NH, FRITHRAT
fi# NumPy 7E Python £ Bh S rhanb EEAV S . BIBA AU, NumPy $2f 7 —A4 a5
RAGHIEE PR LA B BRI TR

NumPy $CEHRTHRA R R, ARHBAER 12, f NumPy 28 PR SCHOE | H 2 0E1E,
B F(E NumPy (B B (ufunc) ARSEEL, ARYTEEATZS NumPy i H B 50 85—
AR S A TR E R U EARCE R)E, S AR Z NumPy &5 H B A RV E
i FH L

2.3.1 ZIEMER

Python FJBRINSEEL (WEFRIE CPython) ALHLEEILLLHAIERTIER 12, —H o HERIZIES
Y B A PEFN AR R P —— i 2 8 RIS AU Rr P e g TP SR E AN RE(R C 155 1 Fortran 155
— RS IR RCA RNLER D, HAT, A 20 H K E e Python iX —55 1L, LRI AN#AHY
4% : PyPy Wi H (http://pypy.org/), — /1> 5:H} [y Python i % SE 8L ; Cython 5l H (http:/
cython.org), Kf Python {8 %% #f i w] 4 3% 9 C AR H%; Numba Tl H (http:/numba.pydata.
org/), ¥ Python AT B AL s Pl ) LLVM =560, DL bax s615i B 48 &-F H L0
BB, (LR SFHLIL, X LET5 74 A —FhRg ik B Sl #rife CPython 5 ¥R Y52 3K
MER

Python HYAHXEE M0l i R BLEAR 2/ MEVETRZEAWT E A I, Lh At 5l a4 e R
TERIER . (RBCA — 8, B EGATTRAEE, —Fh BRI 5 2 -

In[1]: import numpy as np
np.random.seed(0)

def compute_reciprocals(values):
output = np.empty(len(values))
for 1 in range(len(values)):
output[i] = 1.0 / values[i]
return output

values = np.random.randint(1, 10, size=5)
compute_reciprocals(values)

Out[1]: array([ 0.16666667, 1. , 0.25 , 0.25 , 0.125 D

XA B AT RERT TR CIE S 8 Java B e B AR ULARS B 2K, H& ARt — MRk
VR AEIE ST AR R, xR AR RN, BB  3RA01
HH IPython Y %timeit BEL AL (FHEIESIL 1.9 17) Skl .
In[2]: big_array = np.random.randint(1, 100, size=1000000)
%timeilt compute_reciprocals(big_array)

1 loop, best of 3: 2.91 s per loop




TEREA Ik LRI A 85 RAL T LRIt R] | fETFHLARLL Giga-FLOPS  (HMEgfb+
(CRIFRIBT) BT R PR B, L T A AR S5 SR BT AL 3 BRI TR B S AN A I B
18, FE b, XHACHEMAIFAEsTAL, iz CPython (&I IEVR & 25 A 2
TIRAS AR R B TR L . ARk AT BB T, Python BB AR RAYVRAY, Jf Hah&dk
FATUME I B R IE R R B AR IR IE SR ACRD I A TR A AR, AL 2k RETE
A AT Z AT R P ], SR AT R & B 2R

2.3.2 BRRYBNE

NumPy R & ERIHRVER AL TR 5@y, S8R ANY . AIgmIFRFIEE 0, WpRlE
EIE#VE, PReTLLE G B PR S AT E SR S2 B, X A A e e S 0 T4,
R EE— e, X R RT3 TR IR HEE = NumPy 2 FTHIZRIFE, XFESBUT
FHRABATRR

FEARUL R A S5 5

In[3]: print(compute_reciprocals(values))
print(1.0 / values)

[ 0.16666667 1. 0.25 0.25 0.125 ]
[ 0.16666667 1. 0.25 0.25 0.125 ]

R H ARz 47, W] DL BB 5E BB (8] B Python 1 P5 48 2 14 i i)
T4

In[4]: %timeit (1.0 / big_array)

100 loops, best of 3: 4.6 ms per loop
NumPy H 1) [ 38 A o 38 A el BBy .l FH eR 550y 2 22 H 192 4 NumPy 5020 H i)
EHATHE PR E R HE, BIEW RiG, ArmRfIE S TArmfd s, (e Dot
A A s R

In[5]: np.arange(5) / np.arange(1, 6)

Out[5]: array([ O. , 0.5 , 0.66666667, 0.75 , 0.8 D
AR BGEAR T — 4B s R, el T DL T 2 45 s H

In[6]: x = np.arange(9).reshape((3, 3))
2 ** X

Out[6]: array([[ 1, 2, 4],
[ 8, 16, 32],
[ 64, 128, 256]])

i 38 P BRSO e s A T LS L P S EE  Python B3R SEBLAVTHRLSE hnfi 2, L H2
HEAAIRKIT . AEARFEEF] Python MIAH A X FAIIEIS, whRI1%7%5 FERE & ) 05 ek
EAEIR.

NumPy Al | 45



2.3.3 RENumPYHIIE B &

BHEEAMMEAER: —T@A&RE (unary ufunc) FERANMARE, Zx@ARE
(binary ufunc) XTSI ATRIE, TATEAELL FIOAGh BRIX AP,
1&&M£§

NumPy 3@ F s 80 5 RAEH A 2%, BB E] T Python A A B, FrifEiy
ﬂmdi‘i‘%#WHJﬁﬁ.

In[7]: x = np.arange(4)

print("x =", x)
print("x + 5 =", x + 5)
print("x - 5 =", x - 5)
print("x * 2 =", x * 2)
print("x / 2 =", x [/ 2)
print("x // 2 =", x [/ 2) #HRERBER

X =[012 3]

x+5=1[567 8]

X -5=[-5-4-3-2]

X *2=1[0246]

x/2=1[0. 0.5 1 1.5]

x [/ 2=[0011]

BAEHAE, ** FoRAHEEBOZ RN % FoR I BOE FAT I — T e 5

In[8]: print("-x =", -x)
print("x ** 2 = ", x ** 2)
print("x %2 =", x% 2)

-x = [0 -1-2-3]

X ¥ 2= [01409]

x%2 = [010 1]

A DMEBRX L H A RFH A . 458, (RE% X s T e g .
In[9]: -(0.5%x + 1) ** 2
Out[9]: array([-1. , -2.25, -4. , -6.25])

T X LE ARG RAFHRR: NumPy PN R B TR S B8R, (il + s RBP4~ add BR
LIGUESE TR

In[10]: np.add(x, 2)

out[10]: array([2, 3, 4, 5])
2 22 5[ T B NumPy SEIU A AT
#&2-2: NumPySLIMERIZERF

EER MEREARE #iE
+ np.add Ik (Bl + 1= 2)
np.subtract WikisE (B3 -2=1)
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BEA  XNERBERRE R

np.negative TiEGsE (B -2)
* np.multiply Pz (Bl 2 * 3 = 6)
/ np.divide Bzt (B3 / 2 = 1.5)
// np.floor_divide Hhitaf4ikiz® (floor division, B3 // 2 = 1)
* np.power TeHOB% (Bp 2 *+ 3 = 8)
% np.mod /& (Bio % 4=1)
FAb, NumPy HURH AR /LS ELT, X s8R 2.6 Tirpit—P 44,
2. tE3HE

1E#40 NumPy REREf# Python N E Wiz H R (E, NumPy HL7] LAEEfi# Python PN & 1Y 45 %} E
BRI

In[11]: x = np.array([-2, -1, 0, 1, 2])
abs(x)

out[11]: array([2, 1, 0, 1, 2])
%ot (9 NumPy 38 ] 5 np.absolute, %%t 7T L3I 44 np.abs Sk ij]:

In[12]: np.absolute(x)

out[12]: array([2, 1, 0, 1, 2])

In[13]: np.abs(x)

out[13]: array([2, 1, 0, 1, 2])
XA R AT DA R R, A0 R, xR IR A T M

In[14]: x = np.array([3 - 4j, 4 - 3j, 2 + 03, 0 + 15])

np. abs(x)
out[14]: array([ 5., 5., 2., 1.1)

3. Al
NumPy $ it 7K &4 HAE e g, Hodoe TR R 5 mA st = Mt 5%hE
M= BRI

In[15]: theta = np.linspace(0, np.pi, 3)

BUE AT LI X e E A T — 2 = M R B 5

In[16]: print("theta ", theta)
print("sin(theta) ", np.sin(theta))
print("cos(theta) np.cos(theta))
print("tan(theta) np.tan(theta))

B
B
"
B
B

theta
sin(theta)

[ o. 1.57079633 3.14159265]
[ 0.00000000e+00 1.00000000e+00 1.22464680e-16]
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cos(theta)
tan(theta)

[
[

1.00000000e+00
0.00000000e+00

6.12323400e-17
1.63312394e+16

-1.00000000e+00]
-1.22464680e-16]

XA AENL G LN TR, B 601207 0 BIETFR ARG TIE] 0 o iff = f ek L Iml+E

AT
In[17]: x = [-1, 0, 1]
print("x
print("arcsin(x)
print("arccos(x)
print("arctan(x)
X = [-1, 0, 1]
arcsin(x) = [-1.57079633
arccos(x) = [ 3.14159265
arctan(x) = [-0.78539816

4. F5EFATEL

NumPy H 55—/~ FH Az 8 H 5L

In[18]: x = [1, 2, 3]

print("x =",
print("erx =",
print("27x =",
print("3*x =",
X = [1, 2, 3]
erx = [ 2.71828183
22x  =[2. 4. 8.]
37X =[ 3 9 27]

7

X)

np.arcsin(x))
np.arccos(x))
np.arctan(x))

0. 1.57079633]
1.57079633 0. ]
0. 0.78539816]

S e
x)
np.exp(x))

np.exp2(x))
np.power(3, x))

.3890561  20.08553692]

iz Rs, A ECs T T i, B4R np. log £5 NI LL F AR BOR IR BT
X ARIRA R 2 AEEEEEE LA 10 A REHIE, TR IR AN R R GilAL B

In[19]: x = [1, 2, 4, 10
print("x
print("ln(x)
print("log2(x)
print("log10(x)

X [1, 2, 4, 10]

1n(x) ; [ 0.
log2(x) = [ o.
log10(x) = [ 0.

]

X)
np.log(x))
np.log2(x))
np.log10(x))

B
>
3

"

3

0.69314718 1.38629436 2.30258509]
1. 2. 3.32192809]
0.30103 0.60205999 1. ]

A —LERRIRAIRRA TR/ A A AT LAOR R AT ARG JE -

In[20]: x = [0, 0.001, 0.01, 0.1]
print("exp(x) - 1 =", np.expml(x))

print("log(1 + x) =", np.loglp(x))

exp(x) - 1

[ o.
log(1l + x) [ o

0.0010005
0.0009995

0.01005017 0.10517092]
0.00995033 0.09531018]

21 x WIER /N, DLk s 2h HAIME EL np. log Fl1 np.exp A T3 B RE i,




5. T ARE A R
B TUAEATZ3EIH), NumPy iB4@ 4t TR 238 A%, @R = ferd. thRsfis®. b
BOETRAE. INERACH AN E, BURFIRAER, 5%, W% NumPy fSCRE S48
PN (EZ ORI R

WA —AEINEH, S N e 8 e B ok R T scipy.special, ANEIRA
SRS PRI T — S MR A B 1, scipy.special AIREALE T IRFEAI IR B EL,
X BRES— AN KK IFZe, TR A BURR T —2EmREE S 24 b A BIAY R 4

In[21]: from scipy import special

In[22]: # Gammapg%t ()7 i3k, generalized factorials) FAHIEEREL
x = [1, 5, 10]
print("gamma(x)
print("ln|gamma(x) |
print("beta(x, 2)

', special.gamma(x))
', special.gammaln(x))
', special.beta(x, 2))

gamma(x) = [ 1.00000000e+00 2.40000000e+01  3.62880000e+05]
In|gamma(x)| = [ 0. 3.17805383 12.80182748]
beta(x, 2) =1[ 0.5 0.03333333 0.00909091]

In[23]: # iRZEHRE (FHIFRSY)
# EIYS BB R S
x = np.array([0, 0.3, 0.7, 1.0])
print("erf(x) =", special.erf(x))
print("erfc(x) =", special.erfc(x))
print("erfinv(x) =", special.erfinv(x))

erf(x) =1 0. 0.32862676 0.67780119 0.84270079]
erfc(x) = [ 1. 0.67137324 0.32219881 0.15729921]
erfinv(x) = [ 0. 0.27246271 0.73286908 inf]

NumPy F scipy.special Hrf@flt [ il H e 4L, X Lo Ry SCRYE M Ejgh T AR F], 48
% “gamma function python” H[I#],

2.3.4 SHRRIER RS
% NumPy FH FIESA SE 4 T ffa FH R B R PR kT 46 6 FH B AT, ax B A 28— Lkl
FH R B R R M I
1. ¥EEHH
e T KR EIBREE, AHEdsE— AT EBos R R A A HE. AT 61
I, RAT DA AR TR R BB A BRI A O B . B i FH ef 5
HBAT LA out ZEOKA & THREE R A AF UL B

In[24]: x = np.arange(5)
y = np.empty(5)

np.multiply(x, 10, out=y)
print(y)

[ 0. 10. 20. 30. 40.]
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XA AT AR VR BRI, B e] DL T RS R B AR E B R — S T
(DA

In[25]: y = np.zeros(10)
np.power(2, x, out=y[::2])
print(y)

[ 1. . 2. 0. 4. 0. 8 0. 16. 0.]
MPEXEEHR y[::2] = 2 ** x, PWLELELOE IS, ZBHA B2
2 x SR, HHBE TR WX EEZSR y B, T LR GF b/ it
PR, XMW TRZENIFAKR, EREMTFRANEH, @R out 24
FREM A T LN .
2.BE&
ol H AR SR E B R A ThRE, XA RIS A, fl4n, andIk
M EH—/ N E W8 reduce — A~ 402, FB 2w DA RT3 FH R 421 reduce J57, —
A reduce LS ENITTEFRIEE BT, EEAF AR,
Bldn, %t add 38 FH SR reduce J5 45K ISR R A JCZA0FD

In[26]: x = np.arange(1l, 6)
np.add.reduce(x)

Out[26]: 15
[, X multiply 3 FH ER AR reduce T3k & iR MIAZH h A TT R 3R
In[27]: np.multiply.reduce(x)
Out[27]: 120
AR AR R A R ZE R, WTLAE ] accumulate:
In[28]: np.add.accumulate(x)
Out[28]: array([ 1, 3, 6, 10, 15])
In[29]: np.multiply.accumulate(x)
Out[29]: array([ 1, 2, 6, 24, 120])

R, SRk oL, NumPy 24t 7L A% (np.sum, np.prod, np.cumsum,
np.cumprod ) , ‘B THLATEASEELLL |- reduce FITHRE, X LLERBCRAE 2.4 T BN 47,
3. 5MR
e, ATATE R ECER AT LA outer J5 {33 8R 45 R /s Rl i A BSCZH I A TC 3206 Y B o L4
Ko XEWHREMRATDHA—ATRSEE kL.
In[30]: x = np.arange(1, 6)
np.multiply.outer(x, x)

Out[30]: array([[ 1, 2, 3, 4, 5],
[ 2’ 4! 6! 8’ 10]’

A

50 | $2E



[3, 6, 9,12, 15],
[ 4, 8,12, 16, 20],
[ 5, 10, 15, 20, 25]])

2.7 A28k A FY ufunc. at F ufunc. reduceat J51:,

38 FH A8 5 A — R E A R TR IEA R R/ NFITEAR IS, — X ey Ent
PoAT# (broadcasting), XA TEIEH EIE, HRMTEA—BSHINENEE (FIHFIES
W2.5%),

235 BREH: EZHER
AEH AR E 245 8 (B T I FH R 5052 % 5112%)  "TEALE NumPy  (http://www.
numpy.org) FA SciPy (http://www.scipy.org) SCALRYMuEEEH],

HIAAF T 231E, T EARAE [Python Hilid S AMRAIE, SRJ5FIH IPython fY Tab Fth
LA (7) DhRESRIUE R, HERIESI 1.2,

2.4 BE: m/ME. BREMEME

LRI R ATEAER, P ROE AR U AR EERREE S . B RS S
THERTRERIERWRE R, XPMERELE VR BN R S by “2n” (E, [Hekh—
LT A WARARE AR (ansRAn, s, g, s/ MEFRKIE, 2008, 55%).

NumPy AR PRI B A AT T8, By —2k,

2.4.1 #HBEX

JeRE AT, BEETHR— B T BrATT R AL, Python A< By al FIPN B Y sum BR %
K SZHL -

In[1]: import numpy as np

In[2]: L = np.random.random(100)
sum(L)

Out[2]: 55.61209116604941

"ERVIELA NumPy (19 sum e 8B AR, I HAEX AR LT G- b 2 Rt — R «
In[3]: np.sum(L)
Out[3]: 55.612091166049424

fH, B°h NumPy B sum e £07E S 05 AT HR1E, BTLL NumPy FU#R/ETH R
‘H&glk:b
In[4]: big_array = np.random.rand(1000000)

%timeit sum(big_array)
%timeit np.sum(big_array)
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10 loops, best of 3: 104 ms per loop
1000 loops, best of 3: 442 ps per loop

{2 FEEHE, sum BHECH np. sum B A 4], LﬁHA%ﬁmmot &EMN&A
A AT 2 HERAE AR X, np.sum BREOR 0B B IR R, X — AUR AR T R A9
SR .

2.4.2 wH/IMEMRKE

R4, Python 45 PN & Y min BRECFN max B4, 40 BUwE T 3R B & S 20 0 e/ ME FriBe
KB

In[5]: min(big_array), max(big_array)

Out[5]: (1.1717128136634614e-06, 0.9999976784968716)
NumPy *F B & B A S E S, AP I TRk

In[6]: np.min(big_array), np.max(big_array)

Out[6]: (1.1717128136634614e-06, 0.9999976784968716)

In[7]: %timeit min(big_array)
%timeit np.min(big_array)

10 loops, best of 3: 82.3 ms per loop
1000 loops, best of 3: 497 ps per loop

*FF min, max, sum FIH:Ah NumPy 2 A&, —F0E RiHG 015 208 B oo 5 H iR X g
T

In[8]: print(big_array.min(), big_array.max(), big_array.sum())

1.17171281366e-06 0.999997678497 499911.628197

YREE NumPy Bl , SR IR TR AR NumPy fRARII R A .
1. BHERES
—HE R A BRIERINE T8 — R A, Bilin, BOIXIRE —SS i it e e .

In[9]: M = np.random.random((3, 4))
print(M)

[ .8967576  0.03783739 0.75952519 0.06682827]

[0
[ 0.8354065 0.99196818 0.19544769 0.43447084]
[ 0.66859307 0.15038721 0.37911423 0.6687194]]

BOAEOLT, B> NumPy J& 4 e BCE 2R D AR A BRI R A 450

In[10]: M.sum()

Out[10]: 6.0850555667307118




RARBLH -8, ATHENEW#ME T mETRa.

axis=0 KT A1/ ME -

In[11]: M.min(axis=0)

Out[11]: array([ 0.66859307,

0.03783739, 0.19544769, 0.06682827])

XA ERBOR 18 PYANE, R PSS A TR
[, Ll DARE g — AT Rk

In[12]: M.max(axis=1)

Out[12]: array([ 0.8967576 ,

Hoth 15 F 00 ot i i e 5 LA A 2%

0.99196818, 0.6687194])

B, T L H

iE

axis RETIRENCHABLWIT B4

B, MARRER BRI, FIIARE axis=0 EIRES — VAl S &— T 4
H, XEWEE SRR G .

2. HithBEmE

NumPy f2flt TR Z H AT G AL, HRXEASEMBAAEN. B, KREBHIREHE
Akf NaN (A% AR5 NE  (NaN-safe) , BITHSEIN Z0E A AOGR 1, X 2Eih 2 (E AR5k
(1 IBEE {7328 NaN (B (3¢ TR A E AT 3152 W 3.5 7). A 4L NaN-safe [ R 4
F| NumPy 1.8 fiRAA Mgt 2, FrLAERARAHT NumPy HA ST RE .

7 2-3 4241 T —A> NumPy Hha] FIRVER A s BT 5,

#2-3: NumPyhoBHIRERH

R AR NaNZ £ kR Eiz:puy

np.sum np.nansum HRICERIF
np.prod np.nanprod HRICE
np.mean np.nanmean HRICERFYE
np.std np.nanstd HEITCEN bR
np.var np.nanvar HHETCEN G E
np.min np.nanmin He g/ ME
np.max np.nanmax Esdand iR
np.argmin np.nanargmin e/ MERIZS
np.argmax np.nanargmax B ARIENZ5]
np.median np.nanmedian BT A

np.percentile np.nanpercentile

R TIC R FRISELHE

np.any N/A U] — e E R A E
np.all N/A BIE A TEZA G AE
A H AR o e max S I A bR BRI T 5 s

NumPyA 7]

53



2.4.3 Tffl: EERGEHNES

F NumPy 1% é\IJJ ERMEAE — BRI A . X B #’l‘fﬁﬁiﬁ’-ﬂﬁlﬁ@—ﬁ%ﬁﬁﬁ%

EeGm g e, XA EEE president_heights.csv 3CIFEHT,
FUERIFZ

In[13]: !'head -4 data/president_heights.csv

order,name,height(cm)
1,George Washington,189
2,John Adams,170
3,Thomas Jefferson,189

A TR B HBE 547 FR AR %

FRATVREH Pandas BRI SCHIFHII B w5 . (EER, SamitEniogEk,) %3 %

o 5 A b A28 Pandas

In[14]: import pandas as pd

data = pd.read_csv('data/president_heights.csv')

heights = np.array(data['height(cm)'])
print(heights)

[189 170 189 163 183 171 185 168 173 183 173 173 175 178 183 193 178 173
174 183 183 168 170 178 182 180 183 178 182 188 175 179 183 193 182 183

177 185 188 188 182 185]

A TRABIRBEA G, ST A RIR S RS THE T -

In[15]: print("Mean height: ", heights.mean())
print("Standard deviation:", heights.std())
print("Minimum height: ", heights.min())

print("Maximum height: , heights.max())

Mean height: 179.738095238

Standard deviation: 6.93184344275

Minimum height: 163

Maximum height: 193
HER, XA, BERIERREA S e R, XA ES
KB A5 B . T T EATHR A 7 5

In[16]: print("25th percentile: ", np.percentile(heights, 25))

print("Median:
print("75th percentile:

25th percentile: 174.25
Median: 182.0
75th percentile: 183.0

AR, EESZH S w0 182em, BEE BT 6 R,

, np.median(heights))
, np.percentile(heights, 75))

LR, AL R EE AT CE A . X IR A REA T — A PR TR

(55 4 TR IR TR) L MR AU 2-3.

In[17]: %matplotlib inline
import matplotlib.pyplot as plt

e

1f Matplotlib




B

import seaborn; seaborn.set() # % &% & R#%

In[18]: plt.hist(heights)
plt.title('Height Distribution of US Presidents')
plt.xlabel('height (cm)"')
plt.ylabel('number');

SR B GG oA

number

160 165 70 175 180 185 190 195
height {cm)

B2-3: BRSSNELE
XIS RMAR I — LB AR T By, A RSB T EIRA R4,

2.5 HARITE: '

FAVERT— TP /28T NumPy Anfafid o3 ] e 401 [8) 8 4 VE R s 212 1) Python (B3R,
30—l EAC B VR T5 {0 R NumPy B9 REZhRE, T 7% vl LA B B4 F T A 6k
ANBER ) BERIE R Chn, o, 3RSE) —ZNI,

2.5.1 T HHNE
AITAEFER], WFRIFER/NEEE, bR R AN T SRR AR
In[1]: import numpy as np

In[2]: np.array([0, 1, 2])
b = np.array([5, 5, 5])

a+b

[}

Out[2]: array([5, 6, 7])

JORE VR L TR IR AT LR T A EI/ IR . i, mTUAR S — A bri (RTEL
WA TRGERTEE ) Fi— B AN

NumPyA |7 | 55




In[3]: a + 5
Out[3]: array([5, 6, 7])
BATRT AR X AR B AUE 5 P sl & B0 [5, S, 5, SRIEHATING: . NumPy

JRE DN RERVAF AL, X FORHE Y Sk br IR R A, (Ha X — PR AT IR B A 1
i it

FRAVEFEAL 7T AR XA SR SR 2 i 4 FE A . WA T — > — e i — 4> 4
BEHAINEIEER

In[4]: M = np.ones((3, 3))
M

Out[4]: array([

-
.
(SN
[
e .

N

[1

[ 1.,
[1
In[5]: M + a

Out[5]: array([[ 1., 2., 3.1,
[1., 2., 3.],
[ 1., 2., 3.1D
XX R Y R ESE IR T BIRES Y R, PRB|UCEL M A
IR,

DAL R 2605 1 BRARRER ARAER 25 55, R IR DL I8 R A AL RN T 1%, Bilan
LA 7R B :

In[6]: a
b

np.arange(3)
np.arange(3)[:, np.newaxis]

print(a)
print(b)

[012]

[fe]
[1]
[21]

In[7]: a + b

Out[7]: array([[0, 1, 2],
[1, 2, 3],
[2, 3, 41D
IEAN AR —MEY RS RELAVC RS 72— B AR, ax B a 0 b ERHEAT T RK
PCBL— NPT, BBV e — A 48] . UL bBsx se -1y JLff el i Ak an e 2-4
ik, !

1 X 0E B BIIRRD AT LATE GitHub 7E£RH % rp 83, %} astroML Xk (http:/www.astroml.org/book_figures/
appendix/fig_broadcast_visual.html) FJRMARDEEST TR, SaRAEME AT,
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np. arange(3)+
aaail GO0 - GIelT
np. ones((3, 3))+np.arange(3)
1111 01112 11213
1111 + =|1]12]3
1111 0 11213
np. ones((3, 1))+np.arange(3)
0 | b 01 1] 2 0f1]2
1 | A + =11(2]3
2 |2 0 2134

2-4; NumPy [~ B89t

RO TFFoRT BIE, FHFEEENE, X NEOMINFIFEA £ R iEh it T
Sre, (HAEXARAYAE G5 S 05 (R AT A& B A

2.5.2 [ HERINN

NumPy F) I IE— 2 R, 5 X RS A T P A B TR R 1

o KU L AR BER RS RO ARIR], IR/ N BERER TR AR SR TDA 1

o KU 2. AR B TEARTE AR — AR LR ICES, A8 2B AR T B 4
h 1 ISR REY TRUAVC RS 55 b B T IR

o KU 3. AR BEHRTEAREAE AT — A BE_LARAS IC LT A R — ST 1,
WA B R,

h TG BB AR SE R, SR ILA BRI

1. IR BN

B B 5 — A — 4N

In[8]: M = np.ones((2, 3))
a = np.arange(3)

KX BEARTINEARIE . A BERITER AT -

M.shape = (2, 3)
a.shape = (3,)

FTLAER], MRAEHIN 1, £ o AVgERERCE /N, BTUAEH A4 1.
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M.shape -> (2, 3)
a.shape -> (1, 3)

HRAEHN 2, 5 HEEAICES, by R A4k B DL IC B2

M.shape -> (2, 3)
a.shape -> (2, 3)

AL BEARTARICEL T, ATEABR R ENRaELTERE A (2, 3):
In[9]: M + a

Out[9]: array([[ 1., 2., 3.1,
[ 1., 2., 3.1

2. T2
KB R II T R Bl

In[10]: np.arange(3).reshape((3, 1))

a =
b = np.arange(3)
[FIAE, H9ES MBI

(3, 1)
(3,

B 1 SRFAT, T 18 b TR 4

a.shape -> (3, 1)
b.shape -> (1, 3)

HU 2 5 URFRATT, 75 S SR IX P B ) 4 SR AR FL T -

a.shape -> (3, 3)
b.shape -> (3, 3)

PRIASERICEL, FrLGX A TR, ARSI T AR

In[11]: a + b

a.shape
b.shape

Out[11]: array([[0, 1, 2],
[1, 2, 3],
[2, 3, 41D
3. T#ERHBI3
BAERF AP BEAA T BRG] :
In[12]: M = np.ones((3, 2))
a = np.arange(3)
A oRBIFELL, XBEEANRUNIARE ZAL: HERE MR B, A 20X an{a 52 i
We? WIABEHMIERAT

(3, 2)
(3,

M.shape
a.shape

m
N
it
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GIAE, B 1 5RFRAT, o BERRTRARL U 1 2t iTHh 4

M.shape -> (3, 2)
a.shape -> (1, 3)

HRIEHIN 2, a B A5 — A AT FRUATAC M A4 FE «

M.shape -> (3, 2)
a.shape -> (3, 3)

MAETE BN 3——HRAARIBEACE, KX A S 2 AR TR
risHM SBEFIL TR
In[13]: M + a

ValueError Traceback (most recent call last)

<ipython-input-13-9e16€9f98da6> in <module>()
-->1 M+ a

ValueError: operands could not be broadcast together with shapes (3,2) (3,)

THER, iﬁf_iﬂ“bﬁiﬁﬁ‘??ﬁ?ﬁf? PRATReAE I 7E a B A AN 1, iR LD A 1,

ik a Fn M2 A AR . AHR X AN SRR BT . X Fh R fi?iﬁﬁblﬁ SR HE

Aﬁﬁﬁ 151‘%?7 RES S R ﬁﬂ%ﬁﬁﬁ%%ﬂﬁkﬁl A, ATLAE A T A S s
L CFf2s B np.newaxis &8t T, HFIES WL 2.2 17) -

In[14]: a[:, np.newaxis].shape
Out[14]: (3, 1)
In[15]: M + a[:, np.newaxis]

Out[15]: array([[ 1 1.],
2., 2.1,
3 3.1D
BAMUETER, XBEMNHBT + BEA, moiX e BN TR R 3 e AR
WM, Blanix B logaddexp(a, b) E%k, LLATRIBAAITTE:, %% log(exp(a) +

exp(b)) S HEHf.

In[16]: np.logaddexp(M, a[:, np.newaxis])

/e

. e

Out[16]: array([[ 1.31326169, 1.31326169],
[ 1.69314718, 1.69314718],
[ 2.31326169, 2.31326169]])

KPR HREH R BRI E ZE R, SR 237,
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2.5.3 [ HERISKPERIA

T AR ERAR TP R L HI TR0, FATREER S LA & ARGk BoRT #EIhREMITER .
1. A —1

ERA—d, IR01FE 2@ H #E$1E NumPy F P2 % T 5 R 18 1 Python G348, T &1k
—BP BT XAThRE, — 4 WGPt RSl g m I —1t . RBERAE —AF 10 W
SEEHMEE, BAWEERES 3 MEE, R (BREESR 527, HTEH—A
10 x 3 (B AR 025 «

In[17]: X = np.random.random((10, 3))
BATTCA R FAERI A, THR T B2 R mean BBV E SR — MR G

In[18]: Xmean = X.mean(0)
Xmean

out[18]: array([ ©.53514715, ©.66567217, ©.44385899])
e ik A X B TR TP FX M ESEIUA — b GZIRIER— T HE#1E) -
In[19]: X_centered = X - Xmean
K T =B IRA TR B A ER, ATUAA R N — LB A (2 S 4% 0:
In[20]: X_centered.mean(0)
out[20]: array([ 2.22044605e-17, -7.77156117e-17, -1.66533454e-17])
TENLEHE VB N, 1Z391E A 0,
2. B— N THmE

J 8 B HEE A R T, BReAE T 4R BB R B R . A1 R E L R
z=f(x,p), ATUAH R A BE X R T R AL
In[21]: # xFlyFR/RO~5X [H 504K AT
x = np.linspace(0, 5, 50)
y = np.linspace(0, 5, 50)[:, np.newaxis]

z

np.sin(x) ** 10 + np.cos(10 + y * x) * np.cos(x)

FA1HH Matplotlib S tHix > A (X6 THARAE 4.6 T RN 27) -

In[22]: %matplotlib inline
import matplotlib.pyplot as plt

In[23]: plt.imshow(z, origin='lower', extent=[0, 5, 0, 5],
cmap="viridis')
plt.colorbar();

SERANIE 2-5 FroR, XA S INTE B AT 2k BT AL

%@
N
it
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2-5: — PN ”HHEN TN

2.6 L&, #EMNGREE

X AT A ARl AT IR IERD SR A B AR A NumPy e i A(E ., 24 PR T I L NI
RdEe, Bk, THEEOT— R A A REAT A R AR, R rTCAR LRSS T . Bildn
PRATRER G B P A 2 DER TR A, S MR A L TR IE A 3
Fio AE NumPy Hr, A /RHERD I 1 58 X FHE 55 1 B 2005 2

2.6.1 =: ZIHTREE
BRI — R AN FORIEIR T —4E N H Mok & 108dE, X B4 Pandas CHH{ESE 3 SR/
23) #2014 £ PG T E T B Bk S EAR -

In[1]: import numpy as np
import pandas as pd

# FlFAPandasihiR i =, A —4-NumPy#Zi

rainfall = pd.read_csv('data/Seattle2014.csv')['PRCP'].values
inches = rainfall / 254 # 1/10mm -> inches

inches.shape

Out[1]: (365,)
XAKCAL AL 365 AME, 4 T 201448 1 A 1 H % 2014 4F 12 H 31 HERMBEKE,
X K R AL T,
B AP R AT, H Matplotlib CRFEZE 4 FEIEARTHETZ T HR) A Bl TR AR
HITE, 4 2-6 Fios:

In[2]: %matplotlib inline

import matplotlib.pyplot as plt
import seaborn; seaborn.set() # i% &% E K44

In[3]: plt.hist(inches, 40);
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o
oo 05 10 15 20

B 2-6: 2014 FAKBMFEXKEENB

ZHE T E R TR SRR RV AT PE R A 2R EI S, fHAg 2014 SEBRZ
B 1] B Bk AR AR R O Y. (ERE X AR MO 5 A IR AF b % 38 HH AT A B B 0 S 2
B, flan—Fh Al L ORMETH, XL THRIPFEBkEL LD, A2/ 0RINBKER
JURNE =00

RNEE

I 7 DA b [ B g — b 5 i A il (e Se R e i 0 3, BN B B 0638, 4R 31 b v A2
FA1A SR D TRTIE TH A S AN 1, X R iEAEAR T Zkbheid, HICTE NGRS KDY
MESR, SRMNHESROMER, XA —FHREE R, BRI T4, FATN 2.3
TR, NumPy B3 e BT DARDRFSROE3R, ARSI Z T HE  (element-
wise) BF, [FIFE, FATIHL AT UM il e6 B SR BB IB TT R LR, ARIE I R AE R
] % Z A FE AT, e B e —1D, KA 28— T NumPy rh A IR L A5 o Phejad [n]
X AR AYE T A

2.6.2 FMiE @RV LB IRE

23 MNE TS, HEERREE TERSER, IAMVERNH+, -, *, [ fnfifh—ut
BRI T BB SC SRR, NumPy 8528 T4n < (hF) #i> (KkF) WIZE T
AR FH BRI, X B LB B A R — N SRR A EH, — I 6 FiRiERYELER
el

In[4]: x = np.array([1, 2, 3, 4, 5])
In[5]: x <3 # /T
Out[5]: array([ True, True, False, False, False], dtype=bool)

In[6]: x >3 # KT
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Out[6]: array([False, False, False, True, True], dtype=bool)

In[7]: x <= 3 # /NTET

Out[7]: array([ True, True, True, False, False], dtype=bool)

In[8]: x >= 3 # KT%T

Out[8]: array([False, False, True, True, True], dtype=bool)

In[9]: x != 3 # f&ZT

Out[9]: array([ True, True, False, True, True], dtype=bool)

In[10]: x == 3 # Z&T

Out[10]: array([False, False, True, False, False], dtype=bool)
7N, FIE AR A TLI A B 8 TC 3R LU A& AT ATHY «

In[11]: (2 * x) == (x ** 2)

Out[11]: array([False, True, False, False, False], dtype=bool)

MREABEA M, B RRIEE NumPy H e i Bl H e ok St . Blan4 RS
x < 31, NumPy WEBS{E np.less(x, 3). LB A 20 i e A ™
BHR.

BEA RS AR

== np.equal

np.not_equal

< np.less

<= np.less_equal

> np.greater

>= np.greater_equal

AR AR B FE ] 5, X Lebb oz ROm M Bt v DU THEETAR . R/NaEE., T
1A — > AEEEH IR
In[12]: rng = np.random.RandomState(0)

X = rng.randint(10, size=(3, 4))
X

Out[12]: array([[5, 0, 3, 3],
[7; 9; 3; 5];
[2, 4, 7, 6]11)
In[13]: x < 6

Out[13]: array([[ True, True, True, True],
[False, False, True, True],
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[ True, True, False, False]], dtype=bool)

XA RS AR A R B T o NumPy $2 48 T — 20 5] 0 p 5 X 48 R 2 4 /R
gk,

2.6.3 RIEM/REA

RS, RVTDLVSEEUR 2 FIvERE. B edTEN M e m 2B B — 2404 .
In[14]: print(x)
[[50 3 3]

[7935]
[2476]]

1. Gt ZHIN 5L
ARG A RBERH True I0% 0944, PTUA{#E FH np.count_nonzero g% .
In[15]: # A%/ P{EH/T67?

np.count_nonzero(x < 6)
Out[15]: 8

BAVEERA 8 ML RA/NT 6 Y, Foh—FpscBl i & FIH np.sum, FEIXA I,
False S WG fRRER 0, True SSHMFREAK 1.

In[16]: np.sun(x < 6)

out[16]: 8
sum() FOAFALZ , FAHA NumPy 2 A4 BE—HE, XA SRFI T LA B 178051 A T

In[17]: # &iTA 2/ ME/NT6?
np.sum(x < 6, axis=1)

Out[17]: array([4, 2, 2])
KRR AT/ T 6 I

TR AL A B SE A XA A Trve, "[ULH (FR—ESHFT) np.any() 8¢
np.all():

In[18]: # HEATEKTS?
np.any(x > 8)

Out[18]: True

In[19]: # FEAE/NTO?
np.any(x < 0)

Out[19]: False

In[20]: # EAFAEES/NT 102
np.all(x < 10)

A

64 | #£2%F



Out[20]: True

In[21]: # EGFTAEHEARET67?
np.all(x == 6)

Out[21]: False

np.all() Flnp.any() WRTLA T & REE AL bR, 540

In[22]: # & fTHIETE RN T8?
np.all(x < 8, axis=1)

Out[22]: array([ True, False, True], dtype=bool)
X 1 ATAEE 3 AT L ERE N T 8, S 2 AT AN ERTA TR/ N T 8,
Wa T ERERNI A, IEAnTE 2.4 R 4RFIRY, Python B NER sun(), any() Flall() E&%k,
XL NumPy A ARV TEE A . AR 7E 2 4650 IR XA RA, &5 8%k
W sl A AN RT TN R iR 25 2R . DRk, IR AELL_ERI7R o FHAYERAE np.sum(). np.any()
Fnp.all() ek,
2. MIRIZER
BMCAFBZAS A Bk /N T 4 3808 KT 2 -H R, g iRk
GiitFEok s/ T 4 st BT 2 Sty REGZ AR BN ? X AT LAd et Python HUR LB 4R
IEERF (bitwise logic operator) &, |, "l ~ RELHL, FAREREARISHETF 4, NumPy
FHFH A SRR T X LB s AT, XAEATLASE A AR fs R GlE 2 A RisH)
Bil4n, LA FIE AFREA:

In[23]: np.sum((inches > 0.5) & (inches < 1))

Out[23]: 29
FILVER], FoKEAE 0.5 3 ~1 S&F Ay RECE 29 K,
TR, XEHESRAEFREEN, FARBRMESIN, R EEX s, ZRiAA
SBRUATIEA, X&F8osiTehiz:

inches > (0.5 & inches) < 1

FI AAND B #1 NOT (A OR B) FUZEM JHFR (VR IZEIERIZ IR AE b 21 ), "TLUH
BIM—F R LB RIFEAY &5 5 .

In[24]: np.sun(~( (inches <= 0.5) | (inches >= 1) ))

out[24]: 29
PR R /RIS R Ak ERA b, WTLASEEUE 2 A3 s RAR 1R,
DA b 8 1 B AL AT JRis AT Rz o FH BRI
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EEH Xt iz 188 F ek
& np.bitwise_and
| np.bitwise_or
A

np.bitwise_xor

~ np.bitwise_not

FIFX LT, gl DA 2 ARLE 5 TR SEARAIR T DL ARBile 25 & (8 R A1
(ERSUNUEE SRR

In[25]: print("Number days without rain:
print("Number days with rain:
print("Days with more than 0.5 inches:"
print("Rainy days with < 0.1 inches

np.sum(inches == 0))
np.sum(inches != 0))
np.sum(inches > 0.5))
np.sum((inches > 0) &
(inches < 0.2)))

e e

Number days without rain: 215
Number days with rain: 150
Days with more than 0.5 inches: 37
Rainy days with < 0.1 inches : 75

2.6.4 FW/REAENER

FERTTETA/ N, BATER] T anfl O /REE T R A TR, — A s KA AE
FAR R B AR AR, Sl i AR R B A B R B . AR /N I B x BB o il
(R A I B b A /T 5 TT3K

In[26]: x
Out[26]: array([[5, 0, 3, 3],
[7.' 9J 3) 5]’
[2, 4, 7, 6]])
ANRTEAT A B 3, I EBSE FAF T DA 3 — A A /R B

In[27]: x < 5

Out[27]: array([[False, True, True, True],
[False, False, True, False],
[ True, True, False, False]], dtype=bool)

BUEA TR Se A NS ARt , ATUAEA T FR 2o, B Rk .
In[28]: x[x < 5]
Out[28]: array([0, 3, 3, 3, 2, 4])

AR B — A —4E 5., BRE TIrE R SHE, HaiEis, Fra X i e
A A2 %t o7 B o4 True HY1E,

BUE, ATLI X S AT AR, Bildn T DARRYE P8 1 Bk ot AT —LEAR S S i

m
N
it
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In[29]:
# HFTE TR A /48D

rainy = (inches > 0)

# MR RSB TR H IR (6 H21HZ&H172R)

summer = (np.arange(365) - 172 < 90) & (np.arange(365) - 172 > 0)

print("Median precip on rainy days in 2014 (inches): ",
np.median(inches[rainy]))

print("Median precip on summer days in 2014 (inches): "
np.median(inches[summer]))

print("Maximum precip on summer days in 2014 (inches): ",
np.max(inches[summer]))

print("Median precip on non-summer rainy days (inches):
np.median(inches[rainy & ~summer]))

-

-

Median precip on rainy days in 2014 (inches): 0.194881889764
Median precip on summer days in 2014 (inches): 0.0

Maximum precip on summer days in 2014 (inches): 0.850393700787
Median precip on non-summer rainy days (inches): 0.200787401575

AT RER VR RN A A5 A, TN (a1 20 s e H X 26 m] i

fERX#TF and/or SERZERIEIZER /|

AMEFRETX4EF andfeor, ARZHBAFEHF A | HRA A2, 2w
15 1% IR — A9

CMERA R and o or FIBTEIWR AL KB, * &4 | RAGBNIRPRILLERL.

LR A and & or B, ¥ F ik Python HiX MN3d £ BAF# AT KKK, A& Python ¥,
PR 4R R 692 AR DA LAFZ True:

In[30]: bool(42), bool(0)
Out[30]: (True, False)
In[31]: bool(42 and 0)
Out[31]: False

In[32]: bool(42 or 0)

Out[32]: True

LARAE B & | B, KA KXBRIFEHR AL I, HF and K oor B A T 2084 % 3t
FH)E A

In[33]: bin(42)
Out[33]: '6b101010'
In[34]: bin(59)

Out[34]: 'eb111011'
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In[35]: bin(42 & 59)
Out[35]: '6b101010'
In[36]: bin(42 | 59)
Out[36]: 'Ob111011'
HEE, &de | BHN, N6 SR IR TR VAR R AL R,

L4k e NumPy A — AN REAH, ZRATARSFEA DB FHERG, L+
1 =True, 0 = False, XMW HETUR LEANB A7 XtiT & A= | $98AF:

In[37]: np.array([1, 0, 1, 0, 1, 0], dtype=bool)
0, 1

Q z np.array([1, 1: 1, , 1, 1], dtype=bool)
Al B
Out[37]: array([ True, True, True, False, True, True], dtype=bool)
#a A or Rt HX AANEER, Python 2t BB S A A SR, X 2FHAZF HA
In[38]: Aor B
ValueError Traceback (most recent call last)
<ipython-input-38-5d8e4f2e21cO0> in <module>()
---->1AorB
ValueError: The truth value of an array with more than one element is...
R, s Mt TS AN, (R ZER | &, ™IAZ or & and:

In[39]: x = np.arange(10)
(x >4) & (x < 8)

Out[39]: array([False, False, ..., True, True, False, False], dtype=bool)
o X B T HEAN BRI, A5 LR AL valueError #945% .

In[40]: (x > 4) and (x < 8)

ValueError Traceback (most recent call last)

<ipython-input-40-3d24f1ffd63d> in <module>()
---->1 (x > 4) and (x < 8)

ValueError: The truth value of an array with more than one element 1is...
lﬁt?ﬂ)(ia{i- and #= or Xﬂ‘*“u\i%%&ﬁi/l\ﬁ? RBH, M &Fe | F—AF L HGA

B (EMNCHRFT) RATEAFREZH, T NumPy F R#, BHAFTRY
k.




2.7 RIS

RN, BATER T A E AR5 HE (Anarr[0]), YR (4narr[:5]) i
Fi/RfERD (4narrfarr > 01) sREFIESETO SR, fEx 1, AP ZE DI —Fhk
HZFol, WHRIETEEAZES|] (fancy indexing) ., fENIYZ 5 IFIAT AR f AR 51 HEH 2
L, HRESRARRIEE, mALR M e, EWMRSILEIRNTRES IR E % E
ZRABCERE R T B

2.7.1 BREHLEMES]

LR S IEMES RARR RIS, EEWRE LSRRk — kMR 2 B TR,
AL $e2H -

In[1]: import numpy as np
rand = np.random.RandomState(42)

x = rand.randint(100, size=10)
print(x)

[51 92 14 71 60 20 82 86 74 74]
(R 17 EkfF = A ARIICER, ATEHEC T K .
In[2]: [x[3], x[7], x[2]]
out[2]: [71, 86, 14]
FH—F T3 Al T B 3R 5 | A SIS R SR A R R S5 R -

In[3]: ind = [3, 7, 4]
x[ind]

Out[3]: array([71, 86, 60])
FIFAEEZ S|, & RMER SRS BAMER—3%, mAe5%ERSI AR —%.
In[4]: ind = np.array([[3, 7],
[4, 51D
x[1ind]

Out[4]: array([[71, 86],
[60, 20]])

FEMSAZR 5 [t A BEE . RBETRATA LT £ -

In[5]: X = np.arange(12).reshape((3, 4))

X
Out[5]: array([[ 0, 1, 2, 3],
[ 4, 5) 6) 7]’
[ 8 9,10, 11]])

RIS —FE, BRI HEHElT, & AHSHRIRS:
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In[6]: row = np.array([0, 1, 2])
col = np.array([2, 1, 3])
X[row, col]

Out[6]: array([ 2, 5, 11])

XHEEEERE, SRS -MEZ X0, 2], F AL X1, 1], F=MMEZ X2, 31,
{EAEMEIZR S, ZEEMERIBC A E0E 2.5 T/ 3k i BRI, Rl 4 F AT TR — > Bl
BT EAAE RS IR, S8 T4ea R,

In[7]: X[row[:, np.newaxis], col]

Out[7]: array([[ 2, 1, 3],

[ 6.‘ 5’ 7]’
[10, 9, 111D

X, FATIEER S IR BB, IEARATE RN E AR B
In[8]: row[:, np.newaxis] * col

Out[8]: array([[0, 0, 0],
[21 11 3]’
[4, 2, 6]])

X ARSI, EHNRES DR EIE R B RN RS BMANERK, At
Wz S BRI IR .

2.7.2 HEZET]
AR Rl AN H A 2R 51 5 24k A S T B s R I 22 5 [ 1R .

In[9]: print(X)

[0 1 2
[4 5 6 7]
[ 8 910 11]]

A LARHERE AR S I RN AR S I A
In[10]: X[2, [2, 0, 1]]
Out[10]: array([10, 8, 9])

T CARHERS Y25 1 FIE) A (6 -
In[11]: X[1:, [2, 0, 1]]

Out[11]: array([[ 6, 4, 5],
[10, 8, 91D

SRR 2R 5 DRI R 2 & (6 1

In[12]: mask = np.array([1, 0, 1, 0], dtype=bool)
X[row[:, np.newaxis], mask]

A
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Out[12]: array([[ 0, 2],
[ 4-‘ 6]’
[ 8, 10]])

25 ETIA & AT AR B RIGHISRBCRIE SOl e 281

2.7.3 =fl: EFEHH S
TR BI04 R R MR R AT T2, BN — > N > D [9RERE,
FIRAE D NHERER N A LU R/ S IE A5 A A LA

In[13]: mean = [0, 0]
cov = [[1, 2],
[2, 5]]
X = rand.multivariate_normal(mean, cov, 100)
X.shape

Out[13]: (100, 2)
FIRPRESE 4 A28y m B T H., aTCAR R B X s 5 nT i (20l 2-7 FioR) -
In[14]: %matplotlib inline
import matplotlib.pyplot as plt
import seaborn; seaborn.set() # i%EZEXA%

plt.scatter(X[:, 0], X[:, 11);

8

il LI
4
ov LAY
2 % - *a
.. .
Sl o
o .
* } 3. o.
LA |
- ]
=2 .“.%o .
. [ -
o0 Ho
" .
il L] .
& .
-10
—4 -2 -2 -1 1] 1 2 3

2-7. ESHHNR
FA VR FAER A ZE 5 BEPLEEL 20 A~ H——2E#E 20 MRENLAY . AEEWESIE, HFIH
X S22 5 | {E G BRI R Aa B X L I E -

In[15]: indices = np.random.choice(X.shape[0], 20, replace=False)
indices

Out[15]: array([93, 45, 73, 81, 50, 10, 98, 94, 4, 64, 65, 89, 47, 84, 82,
80, 25, 90, 63, 20])
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In[16]: selection = X[indices] # fENY[HZ:a|
selection.shape

Out[16]: (20, 2)

PUEARBMWLE SRE T, Kb ry e B LR R bRtk (AnlE 2-8 FioR) -

In[17]: plt.scatter(X[:, 0], X[:, 1], alpha=0.3)
plt.scatter(selection[:, 0], selection[:, 1],
facecolor="'none', edgecolor='b', s=200);

]
0  ®
4
©)
o0 - ) @
: g B
. % *. ,.
¢ ‘;?Ya gi% 99
2 RN AR
il - a.
a .
-0
— -3 -2 -1 1] 1 2 3

B 2-8: BEIEENR

X BN i b o B, BIRRSE . EIUIZR / A K SR DA TESe THE R (PRI T
253 75) I, DARAEMRE GEtt (Rt (i 5 5 vh (4

2.7.4 BHEEHES|EXE

IEARFEMF YR 51T AR T AR o B, B mT DA TESa o Bedh. filan, Risedk
AR IEE, I H A IR AR A .

In[18]: x = np.arange(10)
i = np.array([2, 1, 8, 4])
x[1] = 99
print(x)

[ 09999 399 5 6 799 9]

FTUURE T ROk S, fil4n.

In[19]: x[1] -= 10
print(x)

[088 38 5 6 78 9]

ARFEER, BEPEENRSISSE L PFRERIER 4, Pl TR

A
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In[20]: x = np.zeros(10)
x[[0, 0]] = [4, 6]
print(x)

[6. 0. 0. 0. 0. 0. 0. 0. 0. 0.]
4 KRR TWE? XAREESEMIE x[0] = 4, ARIFMKIE x[0] = 6, [HHE245K x[0] A 6.
DL EBRARL, (HARRAHLL N ERE.

In[21]: 1 = [2, 3, 3, 4, 4, 4]
x[1] += 1
X

Out[21]: array([ 6., 0., 1., 1., 1., 0., 0., 0., 0., 0.])

PRATRESNEE x[3] AUMEA 2, x[41 WIMEA 3, B X R S HEERIE, [HR A4
SERA A TRATATPENE? MBESAY A LR AR, X x[1] += 12 x[1] = x[1] + 1Y
FE. x[1] + 1HR)E, ZAERRELS T x RS IE, ICERXA RS, R4
RIBARIRA RELRE, Wik E TRE, BARXASRNFTEEER,

Ft, aRIRFEEMN, ZELMVE? WRaT LA B b i) at() J5i% (f£ NumPy 1.8
PURHIRRAS R RTEAE D) RSB, b Tan T #afE:

In[22]: x = np.zeros(10)
np.add.at(x, i, 1)
print(x)

[e. 0. 1. 2. 3. 0. 0. 0. 0. 0.]
at() EEUEX XA HRIE, AEm#Es] (XHERE V) DG EME (XHEE 1) #U7

HRE AR R 5 —A~ rTLASEBLIZ D RERT D05 64 il FH BR B P Y reduceat () B %K, Rl
PATE NumPy SCRSHHCEISC TR R B SE 215 8.

2.7.5 = #HIEXEX S
PRAT UL X 2605 v A R el S A T X B K4y - Fah el a8t E 5 B . ildn, BREFRITE 1000
ME, FERWESIH O G KRR AIEES R, AR ufunc.at Sitda.

In[23]: np.random.seed(42)
X = np.random.randn(100)

# FHHRATE
bins = np.linspace(-5, 5, 20)
counts = np.zeros_like(bins)

# Ay A xdRE] A& X ]

i1 = np.searchsorted(bins, x)

# A X e k1
np.add.at(counts, i, 1)

T counts BRI AEGA X A P Y A A8, BIE B A (anlEl 2-9 o) -
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In[24]: # mHEEH
plt.plot(bins, counts, linestyle='steps');

o
-6 —4 -2 o 2 4 [

2-9: FMTEMNELE

BRI SRR T T B R ERIX A MU TE, R RS . X kAR A4 Matplotlib
FRHET plt.hist() 5k, %A BUH TR B T _ LR ThRE
plt.hist(x, bins, histtype='step');

XA BB R B — A 2-9 JLP — M — B A T XA, Matplotlib K £ A
np.histogram 4L, ZEREWITFE DI REAN LIS ATHITHE R, £ TR — X
Ttk
In[25]: print("NumPy routine:")
%timeilt counts, edges = np.histogram(x, bins)

print("Custom routine:")
%timeilt np.add.at(counts, np.searchsorted(bins, x), 1)

NumPy routine:
10000 loops, best of 3: 97.6 ps per loop
Custom routine:
10000 loops, best of 3: 19.5 ps per loop

ATLVER], ARSI R L NumPy fufbad RS Ar JURS D X 2 dnfal il ] i We 2
M FVRIE A np.histogram JRACHY (W] LLFE IPython A% A np.histogram?? 7 FH IR ML),
S BB eI TwTm H E R R R RO B E S 4, XA T NumPy fWREE
Rifi (FEEMNARES ), FIEEIE S BRI E e Eos H I RAFPERE

In[26]: x = np.random.randn(1000000)

print("NumPy routine:")
%timeit counts, edges = np.histogram(x, bins)

print("Custom routine:")




%timeit np.add.at(counts, np.searchsorted(bins, x), 1)

NumPy routine:
10 loops, best of 3: 68.7 ms per loop
Custom routine:
10 loops, best of 3: 135 ms per loop

PLE PR, B8R IR — R A R, — A KRB SRR A R A
NIRRT, R ZEE (HEETEZS I 283 7). (B A CREX RGN
A AT DB X SE AT 75 . URAT LRI X SR 5 4 (R 9 e, DASEEl— L AT A
TE SCHRVE. B Python A R0 T4t % S5 M B PR AR BIEAS , =4 B8 s A i I e e ]
np.histogram IXAEAYILR A%, 475 ST S 2 50 U4 VIR el 4n 1) FH SEAIRZR 9 2
RESRSZHL.

2.8 HAHHHEFF

FHACAIE, Ff1EERE T H NumPy SRECHHR BB TR, & —F0r Wﬁ?ﬁf
NumPy HAVRISCHRE, X R AP IR IR R R Z R IES . R IR 2
DX AR TRAR, (RATREME ST ¥R AN HE R . E3FHER . VAFHEF . REH ‘aﬂ
PGB TORMAR, ek — A, Py iR h T 9B — 4210
MRS . X —AFIR S THE T

fFldn, —AWEEEZEEFEE FHRIERPNE/ME, FEAM KRB ELEAF
Al LAAE Python U JLATARED Sk 528 .

In[1]: import numpy as np

def selection_sort(x):
for 1 in range(len(x)):
swap = 1 + np.argmin(x[i:])
(x[1], x[swap]) = (x[swapl, x[1])
return x

In[2]: x = np.array([2, 1, 4, 3, 5])
selection_sort(x)

out[2]: array([1, 2, 3, 4, 5])

EAET RS — R THRAUB A IR S TR RRY, 8 H e RO KR R A, 8
B T REARGRE T, T —MEE& N AMERBLEREL, BHEEN MER, &
AMERHPAT ~ N IRLLES, DAREIZRE, “K OARIl” WHREORRIERIE 20 (L
WEI 283 7)), EEHIFHIFRRIEE I EAO IN?]: ARIREFIF R TR BB,
LB TR IE K 4 £,

B Anit, EREHEFHEEL T B OB ) bogosort HEFF RLILIPERE ST «

In[3]: def bogosort(x):
while np.any(x[:-1] > x[1:]):
np.random.shuffle(x)
return x
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In[4]: x = np.array([2, 1, 4, 3, 5])
bogosort(x)

Out[4]: array([1, 2, 3, 4, 5])

XA RS SL B e 2 s < EAWO B TR TRLE HE, HR LA P
AL, EABENEIRE Ao [N x N1 (N FLLN BIFH) . IRUIE., XF5 sk
A AT ARSI 5.

SFisHYE, Python WERIR L N BHEF R LG+ REEREE. aEn
28 Python [N B HEF R, ARJE 28 NumPy A 9 HEFE 2 Fi i ki (9 NumPy $41 HE
[ARCREN

2.8.1 NumPyRHJREHEF : np.sort#linp.argsort

RL4E Python A N B sort Fll sorted ph% v IR FIZEATHEY, (HEX BASHTEXH
B, [R2h NumPy 19 np.sort BCSEhr ERCRE &, BRIMEOL T, np.sort UHEFHE L
WRIEHERF, HBEE I A0 [N log N1, BIMUATLGESRIAFHHEFFMEREF ., T R2H
AR, BOARYGEHEF 2R S T .

A RABAEA B s A AR AR R L3R el — AN HEGF PR, RTEAE A np.sort:

In[5]: x = np.array([2, 1, 4, 3, 5])
np.sort(x)

Out[5]: array([1, 2, 3, 4, 5])

QR A R L B AR, rTUAE PSR sort J5 7%

In[6]: x.sort()
print(x)

[12345]

FI— ARSI R BOE argsort, XEREOR A AR B HEAF PR S 1E :

In[7]: x = np.array([2, 1, 4, 3, 5])
i1 = np.argsort(x)
print(i)

[10324]

PL SRS — A e RS B/ N R R S E, 3 A EA AR K/NTREIR S
(A, DAk, XEERSHERUA AT GRIIAEWIES]) A Fr%eH

In[8]: x[1]

Out[8]: array([1, 2, 3, 4, 5])

%Fd%
N
it

76 |



HEITHIHF
NumPy HEFR B —/F HIhRe 2l axis 2%, V& L 45 i85 T HEF,
fil4n .

In[9]: rand = np.random.RandomState(42)
X = rand.randint(0, 10, (4, 6))
print(X)

————
(2 BN I S o))
= NOYW
TNV I
VR Wwo
Ul N N O

]
]
1
]

S~ s D

]
In[10]: # XXM —FIHEF

np.sort(X, axis=0)

Out[10]: array([[2, 1, 4, 0, 1, 5],
[51 21 51 4) 3’ 7])
[6J 3’ 7! 4’ 6’ 7]!
[71 61 7’ 4) 9’ 9]])

In[11]: # MX&E—fTHET
np.sort(X, axis=1)

Out[11]: array([[3, 4, 6, 6, 7, 9],
[ZJ 3’ 4) 6) 7’ 7]1
[1) 2, 43 5} 7} 7]’
[0, 11 41 5) 5’ 9]])

T ICERYRE, X FACEL T RO BT B A S RS B, AR (AT SAI B Z IRl 5% 2K
KER!

2.8.2 ERoHEF: 98

B AT A B A Bl AT HE T, DU A B 520 58 K /A (E, NumPy B9
np.partition (%ML TiZDhRE, np.partition EEHH AR A IS T K, HilER2
— ., BB K /NIE, AR EIN A A

In[12]: x = np.array([7, 2, 3, 1, 6, 5, 4])
np.partition(x, 3)

Out[12]: array([2, 1, 3, 4, 6, 5, 7])

TR, SRBEH A =AM ER A T BN =AME, R R A B R T RITE.
FEX Aoy BB IRl R, TR LR HRES R

HHEFRAL, T DA 2 BB R AR T 5 B -

In[13]: np.partition(X, 2, axis=1)

Out[13]: array([[3, 4, 6, 7, 6, 9],
[2, 3, 4, 7, 6, 7],
[1, 2, 4, 5, 7, 7],
[e, 1, 4, 5, 9, 511
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W EE R — N, 2B E TR B R IZ AT R/ MIPANME, BT A s
A FER T HIGLE

BJi, 1E4nnp.argsort BRI EHEFAUZIS{E, A —/> np.argpartition s it
BB HE, IROTBE T —Thf e,

2.8.3 Rfil: KNRIL4EP
VLT sl JE 7R & anfal FIL FH argsort eREURE 24 PR B A h A MG 40, 1
Se, fE4EE EOTE AN 10 ABENL A SES . RBEG, R X Se R s MU — A
10 X 2 B4R v

In[14]: X = rand.rand(10, 2)

TR A A EMAEN G, R ErEoR R (A 2-10 BrR) -

In[15]: %matplotlib inline
import matplotlib.pyplot as plt
import seaborn; seaborn.set() # % & & XA
plt.scatter(X[:, 0], X[:, 1], s=100);

12
10
®
08
®
06
®
L

04 L

02

®
an ® LN J
-02
-0z an 02 04 06 08 10 12

B 2-10: BBl k TREBPHIRARIE
B T P PSR AR TR B S FRAT 15t P R TR P B 1 0 S T 4 B S 22
SEFHIFL. FIH NumPy #9) 8% (BEEIES L 2.5 1) MR A (FEEES W 2477) Thig,
AL —A7 ARG LSRR R T 5 B

In[16]: dist_sq = np.sum((X[:,np.newaxis,:] - X[np.newaxis,:,:]) ** 2, axis=-1)

XA RIEMR Z 0 B, AR R NumPy B BN BGRADTE, W REX AT RIS
KA LA NN, HORBRLX RIS, HF &L o0 iR o o R A AR -




In[17]: # fEAAARZR P RAEN HZEIH
differences = X[:, np.newaxis, :] - X[np.newaxis, :, :]
differences.shape

Out[17]:

(10, 10, 2)

In[18]: # RHHZEEAFT
sq_differences = differences ** 2
sq_differences.shape

Out[18]:

(10, 10, 2)

In[19]: # BFE(ERFNFRA PP
dist_sq = sq_differences.sum(-1)
dist_sq.shape

Out[19]: (10, 10)

TEHREIACL_ LB TR, BOZEFNZIEFE R ALk (st B A i) rfE

#7E 0.

In[20]: dist_sq.diagonal()

Out[20]: array([ O.,

0., 0., 0., 0., 0., 0., 0., 0., 0.])

EERTTEXAERY ] HIAVE T IXAE— A A P AR B F 5 BE B AR 5, ok T LAGE

np.argsort AN E

In[21]:

(Lo
[1
[2
[3
[4
[5
[6
[7
[8
[9

TR, E—5

N U0V 0O WV AW

W o wutoho NN O

S

B

ATHEATHER T o de 2 FI 25 2 5 B R et 40 -

nearest = np.argsort(dist_sq, axis=1)

print(nearest)
714256 8]
936850 2]
6308975]
014586 2]
567930 2]
4179320]
4179320]
140586 2]
4179320]
014586 2]]

=]
=

PLES B TEAnFR A1 AR,
A E AT, Tl 1sghr BT CASEBLA L AN Bl TR E £ . anR 3 U0 k A
Bt 4B, MBLME—F BT —4T, XEEH/MI k+ 15 B 2 K HEAE feRi i,
Hofth KR 20 B VR AERE %A TR HA A7 B . AL np.argpartition pRALSLEL .

In[22]: K =2
nearest_partition = np.argpartition(dist_sq, K + 1, axis=1)

# 0~9 W/NEIRHRSIY . 37 AR R4 E A 5, B
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T AFARTT R AT, BT A RORE R A BalL AR R (ANl 2-11 FoR) -

In[23]: plt.scatter(X[:, 0], X[:, 1], s=100)

# AR S BRI Bl AT
K=2

for 1 in range(X.shape[0]):
for j in nearest_partition[i, :K+1]:
# El—ZMX[LIRIX[ I IR B
# HzipJy il
plt.plot(*zip(X[j], X[1]), color='black')

o8

06

04

0z

oo

-02
-02 oo 0z 04 06 o8 10 12

B2-11: 8TROBHREOVITNRE

g A AN BRI AT R ALESGER:, F—R, IRFTRES S BEA M A L m i
L TWAR, XK A2 BREMNMATHRZ—, B A AERELB —E&
HA EABERA T 2.

RGBT 1R T HE T rTRER R A A E A B M, (H2&{EkbriztTH, Python H1
KRR B8, PR P RES STl T S R PR A S 04— 2H 48 A s gk A T4k
7ok SRR R ThRE, (X PP 5 A3 A M A ] AR L, e R T B3k
AR, HH R ECERIENRE ZEAET, BRI e T exti AR EdE =
A, WU, BATTAT DA R R A TR 4R BE %S (R 100 ¢ 1 000 000 4418717 1L,
MRS AR —FERY,

B JE IR AR — L, OREE S Blr SO 2RI, A LS T8 0 B 1 B & s B T
PASCBLEEILO [N log N 1, ¥ HL& DR300 INY) E4F. Hrh—Ffit & KD-Tree, 7£
Scikit-Learn (http://bit.ly/2fSpdxI) FsZE,




X O #rig

K O ARIEA—AF 8K — AN F k3t T A0 B 693 AN SR 09 Ko NG B AT 094 T B, &
BEHERE, BEEBRANEBETEIAALEE, FLELFDokRiT, X 6 L, X
QFRRUARLMRETRE ST, BARARHSXEMATURSHEELLE TS0 LM
M, A2 RR T ATt A S R A O Bk, ERFRSHEARX S, A%
FAFEF, LEFLAOLERRKREPEAOKROfFie——AEARG (RFERFRAHG) K
EALRAEMEBRE, AXERAA LA FE Rl g H BB, AP PALE R XA
£k T X,

PR IARKEEARAEAFR ORI, AR2CHEEREFIR: BAMAREZHE
K, ROGHERFLERT 2 S, XA —AC[N] GEE NRT) LRENHEE,
FHEER LA RMATFT—/AKEH N=1000 895 &, L2 CHIT—ANKEHN=
5000 &9 7] £ T 69 BF R K AR 5 AV E, de RARA —AHEARBEAO N GEfE N
AFFHT), Rk d | R —ANKEHR N = 1000 95 &, A4 EHIT—
ANKE A N=35000 93] £ 7€ 5% 690 18] X 292 25 AV %,

it AR A AN, NBFATRBENKRD RBEANK, RENKADF), %
BMNKB I A REKE TICA AN, LELLREHRNO N Ak LREAC N
O X AT

FEREENA, RORTHRAERIRTHAWERER, RRREFRELEN HE
B, EATEE AR T, BFWRAT, ON) LRANHEILO N’ LREGHHEEL
SR, ERNTREE, HiEERE DRI ETRAL Rk, Fldoxt T4 2619
M, 0[N ) ARANHEETRALT 0014, ME “BR" $O N LREGEET
AR 14, 408 1000 8910 74 N1&3%, ARAC [N] ARENHEEFHER L,

PP A BXANIE AR A6 K O ARieaT TR ik b R AEF A Aoy, RMNFELK
P AXAFR RN T E L LA,

2.9 SHLEHE: NumPyRZ#L $E

K, BATRIESE 7T UL S — A e 2R B EH B R ow, (A AR,
AN 48 NumPy OS5 (L BB FIIE KRB, BITAE AW, SR THEE G
IR . R A AR A TR AR MR A T, (R iX Lot i th vl LA
Pandas 1 DataFrane S5l (4E45 = B IEAIN42).
BEBAER KT Lo NI 250 (Anitk . AR AR ), FoA175 A7 X Lo s H T
Python 51 H , 4 —Fh el 4THI 5 B4 EA AL =4 St Bei b -

In[2]: name = ['Alice', 'Bob', 'Cathy', 'Doug']

age = [25, 45, 37, 19]
weight = [55.0, 85.5, 68.0, 61.5]

THAX I IEA A, BATRA EAE B R =B RASCAY . anR T LU
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— PR — SRR AT P A R EE, IBAFBRAESE AR, NumPy LTSS LA H SeElix
Fifrfif, X LeE R LB 2 B A B dR KT
AT 285, FIFLL T 2B 00T DAA B4 T8 B 5 -
In[3]: x = np.zeros(4, dtype=int)
H5ZB, it eEE A5IRE, wTUiE— SR LR
In[4]: # {EME GHAREHINISEICEE
data = np.zeros(4, dtype={'names':('name', 'age', 'weight'),

'formats':('U10', 'i4', 'f8')})
print(data.dtype)

[('name', '<U10'), ('age', '<i4'), ('weight', '<f8')]
XH U0 For “KEANEE 10 1 Unicode TAFHR”, 14 Fork “4 5745 (B 32 bhfy) H&AL7,
f8 Forn “8 71 (Bl 64 Ebif) 17 AR SRS/ N il 4358 2 W BdiE 2 RUARHD
MEAERT AR, rTELRESIZR B A B T
In[5]: data['name'] = name
data['age'] = age

data[ 'weight'] = weight
print(data)

[('Alice', 25, 55.0) ('Bob', 45, 85.5) ('Cathy', 37, 68.0)
('Doug', 19, 61.5)]

EARFAIA R, BT BEAE B L HEE— N A,
SRICBEAR I ZAAE T, IRAT LG 3 5 [ S A R A AR R (L
In[6]: # ZRIUITH £

data[ 'name']

Out[6]: array(['Alice', 'Bob', 'Cathy', 'Doug'],
dtype='<U10")

In[7]: # FREBHRHE 17
data[0]

Out[7]: ('Alice', 25, 55.0)

In[8]: # FREUESG—1THIAT
data[-1]['name']

Out[8]: 'Doug'
FUHA /RIERD, B AT DA — L8 A AR, A MR AR I JEA T i Ik -

In[9]: # FREUFRY/NTF305 AR 4T
data[data['age'] < 30]['name']

Out[9]: array(['Alice', 'Doug'],
dtype='<U10")
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TR, WCRRA B B iR E, IBA IR II%T% FEfE H Pandas £, FRATTHHAE
T—=mh RN BT, AR ESNN, Pandas $2f T —4> DataFrame X4, Z&5#H) &
T NumPy £ 2 1D, $@4t TR 28 W EdEEED R, HhA S Shrm 82k
L1, M58t A 5 Zydea HF HARE S HDhhe .

2.9.1 HERRGEMEA
FERIE B BRI T A 2 hplE 3. BeRTIRATE S TR A iy 75 s

In[10]: np.dtype({'names':('name', 'age', 'weight'),
'formats':('Ut0', 'i4', 'f8")})

Out[10]: dtype([('name', '<U10'), ('age', '<i4'), ('weight', '<f8')1])
AT TR, BEEAETY AT LU Python 285y NumPy [ dtype 2R7UH5 7

In[11]: np.dtype({'names':('name', 'age', 'weight'),
'formats':((np.str_, 10), int, np.float32)})

Out[11]: dtype([('name', '<U10'), ('age', '<18'), ('weight', '<f4')])
BALRAM LR TR

In[12]: np.dtype([('name', 'S10'), ('age', '14'), ('weight', 'f8')1])

Out[12]: dtype([('name', 'S10'), ('age', '<i4'), ('weight', '<f8')])
AR ST £ R R R T, ABERATLA (LU — /R A 2 . BT
BB SIS B 53 W

In[13]: np.dtype('S10,14,f8")

Out[13]: dtype([('fO', 'S10'), ('f1', '<i4'), ('f2', '<f8')])
S I R A R AT RE R AL ok A N2, (R 3L s i TR i  p i,
—A (k) TR < >, o lFR “IKF 77 (litte endian) 1 “@& 517" (bid
endian), FIRFHT (bytes) ZRIHIEARIEN AR P AU TR SV T . TG — A FFHEEr)
BRI TR, L B FAA, A (R 2-4 FoR) . B A TFROR R
ML FTRAN,

=2-4: NumPyg9#i@eal

NumPy#iBEEIFFS ik N

‘b’ A np.dtype('b')

" B np.dtype('i4') == np.int32

"u' b/ e -2 np.dtype('ul') == np.uint8
FaA np.dtype('f8') == np.int64

‘! HE A np.dtype('c16') == np.complex128

'st, 'a’ FIFE np.dtype('S5")

v Unicode i 477 & np.dtype('U') == np.str_

v JE AR, raw data (2%, void) np.dtype('V') == np.void
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29.2 EEHMEELEE
NumPy H-th aT DLUE SCHE s 2 A A 8 2 8, fildn, PRTCAGIEE —Rh2md, Hh Ao
EAE— B SR, RSO — B, ZEEE R mat HIFEE—A4 3 %3
- s R
In[14]: tp = np.dtype([('id', 'i8'), ('mat', 'f8', (3, 3))])
X = np.zeros(1, dtype=tp)

print(X[0])
print(X['mat'][0])

(0, [[0.0, 0.0, 0.0], [0.0, 0.0, 0.0], [0.0, 0.0, 0.0]])
[[ 6. 0. 0.]
[ 0. 0. 0.]
[ 0. 0. 0.]]

BUTE X BB TC R S — A 1d F1—A> 3 x 3 Wb, At &M BRI R 5 75 AF
fift ot , WA R AR 24, S Python FHIE? JFIZ NumPy HJ dtype F{ MGt
B CEMIE L, WL EBHANE I T ERE C BF P, mRREE -1
Python 3 15—/~ ilt ¥ C 1% 5 5K Fortran JE23 B, MIRVEE ML IR, VRf 45 kL
I EERARE A |

2.9.3 IERHAH: HHLEBEANEE
NumPy B4t T np.recarray 2%, ‘BFIRETE T B0 EEJLFAHRE], (HEER — 154
FERIRAE : 80T DM B — R I, WA 1R 7 SR AR SR i TR A ] F-ad ok DA AR
TR BRI -

In[15]: data['age']

Out[15]: array([25, 45, 37, 19], dtype=int32)
ANACREX SE AR 2 e B, AT LR D s SR A 251

In[16]: data_rec = data.view(np.recarray)

data_rec.age

Out[16]: array([25, 45, 37, 19], dtype=int32)

ICREAA A 5 2T, RO A RARRTE S, fEARBUSI &5 — Lo %A IR 4
LR R BT R
In[17]: %timeilt data['age']

%timeit data_rec['age']
%timeilt data_rec.age

1000000 loops, best of 3: 241 ns per loop
100000 loops, best of 3: 4.61 pys per loop
100000 loops, best of 3: 7.27 ps per loop

A A A A E R RIARIC T AR BN 8, R B T RA 2 Br B




2.9.4 >xFPandas

AT LA CBEA AN R ER ERAEAZ, FABNRER A s T — Ry
AUHL: Pandas, AFATBIIEEAI B AERLEDy 5P ARG AL, IR 24 R C. Fortran 2,
Hob i 5K NumPy £ o4 —BE s U (ER an R A R AR 2 A S5 fe e
A8, Pandas fiag EAFATLERE, FRATRAERE TR —RIELI T4 E.
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B3T

PandasEiE4bE

£ E—%Fd, AR/ 43 T NumPy FI'ERY ndarray %52, iX /%44 Python % 2 54
PO T E AR RO 5 k. N, IR TRIERIEIH, A >] Pandas FE7 4R
BEAE PSS, Pandas A& /E NumPy 2l B8 8RR 2, 4245 T —FE2ly DataFrame
HAREEH), DataFrame AR b —FHi AT AR AFIFRE . AR R 2 B0 B Fnfik S 1 1 &2
502l . Pandas A& AR I BIRER AL T OERIRI AR A m, GB350 BL TF L08Rk
T, X EoPR VR B A RN T ZA% AR T PR U B AR

FEIRNTZai BRI AIIBAE, NumPy HY ndarray £ 8 45 46 4 B (E T BAT 55 b WD T i 2
¥, AL RFEAIRTREE TR 2 A al S ZhRE. BARBAX 5 AR, (R 34
TR E REWEIR TS (AhBARR bR . CEGIES), B FEM L2
A TR AT RS R (i 4. BALRSE) BF, NumPy ROBR LR B 5.
T, WX S ER A T & R R AR L B R R B 5y . HESLAE NumPy B &5+ iy
Pandas, JHJ&'EHY Series fll DataFrame X452, A%HEFF 5 1AL EE AR LEYHFE A S it Al )
“BOHETEH” (data munging) fESSHRHEL THER,

AFLNGE AT 41 Series, DataFrame I AR S HHE S5 MR w8 BE I D5 7% . SRS B (8
ETBARENEATUR RG], (HXEERGIA S AR > H A

3.1 ZIEH{FHPandas

{E%:%¢ Pandas Z A, BAORIRIVERIE AG A NumPy, 2R R IFAID B gm 1%, B4
DB R T B 4w % ST Pandas TR C 1B 5 Cython AR, BRANMIZHET 3, 1HS
2 Pandas ‘B J5 3CA4 (http://pandas.pydata.org/) , AnF R4z BRI = A& #E H T Anaconda,
A2 Pandas 5t LR T,
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Pandas ZH4f 2 )5, WILARABRE —THRAS:

In[1]: import pandas
pandas.__version__

Out[1]: '®©.18.1'

FZHF A NumPy H-fE B4 np —#%, TR A Pandas F-f# F 514 pd:

In[2]: import pandas as pd

XA T A LA

XFETHEIREE
LR AFHN, REDT IPython T A Heik il skt €69 M % (Gt Tab 44k 2
i), ARSABEGIH (A2, RREFELIRLAE, AAL12F,)

Blde, TVAiBid4e T Tab 4 B 7% pandas 4% 2 [4] 49 BT AT P9 5
In [3]: pd.<TAB>

4o R % 2 % Pandas #9 N B A%, T VLA
In [4]: pd?

i tm &) S A% 5 &% http://pandas.pydata.org/, Z @K T A EBHAZ, THHESH A
R R

3.2 Pandas3t& &4\

AR Z A AMEE Pandas X5, RTLAECITE K9 EIT NumPy 508910504, 135140
AR AR, BT B, AAERRPIANEPIRIMTES LH, RR
Pandas /£ 2 A KIS H BscBl TR LRI T B . J5ikmzhee, (025w SN 20 %
— AT H, HEEMIhERE LA SR AT R AR IR A N . Rk, RS
Pandas ZHi, JEHKFEF Pandas (I =AFEAREPELEH) . Series, DataFrame F1 Index,

M AFRAE NumPy F11 Pandas J 44 :

In[1]: import numpy as np
import pandas as pd

3.2.1 PandasHjJSeriesX&

Pandas fY Series X §& — /i & 5 BRI A — 4821 . ATDUH — /4L B Series Xf
R, WTPUR:

In[2]: data = pd.Series([0.25, 0.5, 0.75, 1.0])
data
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Outf[2]: © 0.25

1 0.50
2 0.75
3 1.00

dtype: float64

M BTG R, RE KL series WGl —HEARFI—HE 14 EfE -k, HATATLLHDT
values J&PEFN index JEPEFREUEYE . values JE IR BIFYZE R 5 NumPy £020 2100

In[3]: data.values

Out[3]: array([ 0.25, 0.5, ©0.75, 1. 1)
index J& MR [l &5 g — > 2 A4 pd. Index HYZSECEH X 52, T 1R OE 5 I N 25 B4
BB

In[4]: data.index

Out[4]: RangeIndex(start=0, stop=4, step=1)

1 NumPy Bt —+E, %@ aT Ll Python (5525 [FRZFREL

In[5]: data[1]
Out[5]: 0.5
In[6]: data[1:3]

Out[6]: 1 0.50
2 0.75
dtype: float64

{HAEFA TS EF, Pandas 1Y Series X4 LL 287 ) —4E NumPy B @ . Rif.

1. Serise2i@ A BUNumPy#iH

BIEACA L, FATATREG 1T Series X R F1— 4k NumPy B A RIS e, {HME
] AR 5T 22 S A2 2251 . NumPy $0H i ok BRsCRE SR 40 23 5 SRS [, 1M Pandas 1Y
Series X% H—MBREXMZ 5| SEIH L,

AFGIHYE LI Sertes MRIA THMBFEN . Bilan, HKSIAFHUDUERES, ErLZ
ERAEMER, MRFE, B TUHFHHEE LR

In[7]: data = pd.Series([0.25, 0.5, 0.75, 1.0],

index=['a', 'b', 'c', 'd'])
data

Out[7]: a 0.25

b 0.50

[« 0.75

d 1.00

dtype: float64

SR T S Z i — A
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In[8]: data['b']
Out[8]: 0.5

AT DAE A E SR A IR 2 5|

In[9]: data = pd.Series([0.25, 0.5, 0.75, 1.0],
index=[2, 5, 3, 7])
data

Out[9]: 2 0.25

5 0.50
3 0.75
7 1.00

dtype: float64
In[10]: data[5]
Out[10]: 0.5

2. Series B45FRHI 7B

R ATLAE Pandas ) Series X 57 B —FFFARY Python S8, 5 LA — ol (T R e S 2
—HAEEERI IR, 1T Series X G H S — vk 2 B e S 1) — 20 2 R AR O 5o e 245
H, RIEREL.: PR NumPy B2 95 5 e 280 2o Ja ik O RBD (6 7 BAESCLE R
B3 1 Python %12 S A28 —FE, Pandas Series (2 RI(E B {E 1 A SL L2k LI

Python [ L5 &%,

FATPTLAE £ Python Y5~ L 63—/ Series Xt 4, ik Series Xt G 55 My bbH

I b«

In[11]: population_dict = {'California': 38332521,
'Texas': 26448193,
'New York': 19651127,
'Florida': 19552860,
'Illinois': 12882135}
population = pd.Series(population_dict)
population

Out[11]: California 38332521

Florida 19552860
Illinois 12882135
New York 19651127
Texas 26448193

dtype: int64

7L Bl series XF QRN , 5 BRINFE UG HES SR p 5 iR T8 R O 05 2%

AR
In[12]: population['California']
Out[12]: 38332521

FFHARLE], Series X GIESTHRELTEARRIE, teanbl .

Pandas&1E 40 18
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In[13]: population['California':'Illinois']

Out[13]: California 38332521
Florida 19552860
Illinois 12882135
dtype: inté64

FAMTRAE 3.3 Wi rp /128 Pandas BUE 58 FAY—2e475

3. fllESeriesXfH

A TC 2 Wi LA 6% Pandas 1) Series MR IH s, B FERIER
>>> pd.Series(data, index=index)

Horr, index & — /N AIESHL, data 2ECCRF L REHERA .

i, data R[LAEFIZR S NumPy 20, X index BRINME A BEUT A1 :
In[14]: pd.Series([2, 4, 6])

Out[14]: © 2
1 4
2 6
dtype: int64

data AL —Ahri, QI Series MR AEEMFAI| A% 5] L

In[15]: pd.Series(5, index=[100, 200, 300])

Out[15]: 100 5
200 5
300 5
dtype: int64

data AT LL&—A> T2, index BRIA&HE T 7 ik .
In[16]: pd.Series({2:'a', 1:'b', 3:'c'})
Out[16]: 1 b

2 a

3 c
dtype: object

B AT UL o S e 8 25 i TR 22 A A5 R
In[17]: pd.Series({2:'a', 1:'b', 3:'c'}, index=[3, 2])
Out[17]: 3 C

2 a
dtype: object

X HFHEETERE, Sertes M GH AR E BAE CHIBHEXT

3.2.2 PandasHDataFrameXi5

Pandas 19 % — /N FE PR 540 )2 DataFrame, 11 _F—75/r281Y Series X% —#£, DataFrame




RERTCAVE A — Vi Y NumPy £, AT DA TERFERID Python 54, MR HIEE .

1. DataFrame 238 Fl FUNumPy#§4H

ﬁﬂ%;{% Series JLb At RIGZR I —4E %4, IB4 DataFrame 5t vl AR E& —FPRE A Rif
AT S], XA RIEFI AW 4800 . AR OR vT DR 4500 B e B P HEF I — 45

—FE, (R ATLAE DataFrame At A T HEFIRI A T Series X%, ix B “HEFI” $RA02

bﬂl?ﬁiﬁ,ﬂﬁﬁ%@lo

TR e R E AN T R A B B — BT Series RiEATIHUR

In[18]:

area_dict = {'California': 423967, 'Texas': 695662, 'New York': 141297,
'Florida': 170312, 'Illinois': 149995}

area = pd.Series(area_dict)

area

Out[18]: California 423967

Florida 170312
Illinois 149995
New York 141297
Texas 695662

dtype: int64
&5 A Z Al B 2 population [1) Series X4, Fl—A> 7 MO8 — /& X 265 By — 4k
pap-

In[19]: states = pd.DataFrame({'population': population,
'area': area})

states

Out[19]: area population
California 423967 38332521
Florida 170312 19552860

Illinois 149995 12882135
New York 141297 19651127
Texas 695662 26448193

Fil Series ¥4 —*#¥, DataFrame W5 —/ index J& M ] LISREUZ S [FR%
In[20]: states.index

Out[20]:
Index(['California', 'Florida', 'Illinois', 'New York', 'Texas'], dtype='object')

AN, DataFrame B4 —/~ columns J&@1E, BAEKGIFRZER Index *f 4 .

In[21]: states.columns
Out[21]: Index(['area', 'population'], dtype='object')
[Nt DataFrame W] LLETE—Fhd A NumPy 4804l ©RIFT SHIER AT DLt 225 13K E,

2. DataFrame 24551 7 8L
5 series i), FATIHLRTLAHE DataFrame & o —FPREak iy 72 80, - gl — >R — A
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B, T DataFrame #& — 5l st —A Series P%cHE. ffil4n, Eid 'area’ (U5 JEM: AT LLIR 1]
& BRI Series X4 .

In[22]: states['area']

Out[22]: California 423967

Florida 170312
Illinois 149995
New York 141297
Texas 695662

Name: area, dtype: int64

X HFEEEENAL, /£ NumPy 9 45040 B, data[e] iR [B55—1T; Ifi{E DataFrame Hi,

data['cole'] BRI —5l, Kk, Feif4 DataFrame % B — Pl H -8, T A&l FHAL

H, BIEXFFFEEEARE L TEEA A, 3.3 /439 £ DataFrame R{GHUETY

Tk,

3. fl|#EDataFrameXt§

Pandas 1) DataFrame %4 r] LUl i £ 52001, X B2 JLAS & FIGT-,

(1) it P/ Series X% Bllt, DataFrame Jgt—%H Series X &AL, W LA M/ Series
Bl —A~ #.51f) DataFrame:

In[23]: pd.DataFrame(population, columns=['population'])

Out[23]: population
California 38332521
Florida 19552860
Illinois 12882135
New York 19651127
Texas 26448193

Q) il AN RO, EMCHE T I G ZRA AT LS B DataFrame, F—/A~EBAYFIFR
£ 0 R B SE R
In[24]: data = [{'a': 1, 'b': 2 * i}
for 1 in range(3)]
pd.DataFrame(data)

Out[24]: b
0
2
4

N = o
NP2 O o

I

B B A SEHN A7 /E, Pandas 25 HERS(E NaN- (12405, not anumber) KER:
In[25]: pd.DataFrame([{'a': 1, 'b': 2}, {'b': 3, 'c': 4}])
Out[25]:

aN
.0

w N o

a
0 1.0
1 NaN

A~ Z0Nn

(3) i L Sertes X R FHMOIE, WlR 287 Wil FIABKE, DataFrame Hiw] UL —A~H Series
Fob G A B - L B
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In[26]: pd.DataFrame({'population': population,
'area': area})

Out[26]: area population
California 423967 38332521
Florida 170312 19552860

Illinotis 149995 12882135
New York 141297 19651127
Texas 695662 26448193

(4) it NumPy _Zi5 20 Gl RAnA —A Z4esdl, mhol LB —al LA E 712351
{HAY DataFrame, ANRAIEEITHNRESIE, IBLITFIBINA R R ZOIE
In[27]: pd.DataFrame(np.random.rand(3, 2),

columns=["'foo', 'bar'],
index=['a", 'b', 'c'])

Out[27]: foo bar
a 0.865257 0.213169
b 0.442759 0.108267
c 0.047110 0.905718

(5) i it NumPy Z5 LB B, 2.9 T8 A it S5 4944, T Pandas /) DataFrame
SEFIBE o400, B el o i 55 #5481 DataFrame:

In[28]: A = np.zeros(3, dtype=[('A', 'i8'), ('B', 'f8')])
A

Out[28]: array([(0, 0.0), (0, 0.0), (0, 0.0)],
dtype=[('A", '<i8'), ('B', '<f8')])

In[29]: pd.DataFrame(A)
Out[29]: A B
0 0.
0 0.
0 0.

[clcNo]

3.2.3 PandasijIndexXf&

TN L KB, Series Fl DataFrame Xt G2 #B{E HI 5 T 5| AN R % /) . X% 5], Pandas HY
Index ¥4 —/NRAMBIIEAREEK), WL CEEL - TAAZHESEFES (L
b2, oA Index MR ATRESEEEEM) ., XA S Index X4 FE = —
LR ThRE . LEFRATH — AT AR S R O — A~ Index X4 .
In[30]: ind = pd.Index([2, 3, 5, 7, 11])
ind
Out[30]: Int64Index([2, 3, 5, 7, 11], dtype='int64')

1. B IndexFEER AT E A
Index ¥t GHYVF Z B IEAMG B, fildn, FTLGEIEARME Python HUIRIA 5 ik KBS (E,, ]
PRIEURIINAEIE S ER
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In[31]: ind[1]
Out[31]: 3
In[32]: ind[::2]
Out[32]: Int64Index([2, 5, 11], dtype='int64')
Index ¥ 5L A2 5 NumPy BHAR{IAY JE 1k -
In[33]: print(ind.size, ind.shape, ind.ndim, ind.dtype)
5 (5,) 1 int64
Index %f 455 NumPy £02H Z AU AN[E /£ T, Index X RAVR SRR, kit Ui A FE
I R O A T
In[34]: ind[1] = ©
TypeError Traceback (most recent call last)
<ipython-input-34-40e631c82e8a> in <module>()

----> 1 ind[1] = ©

/Users/jakevdp/anaconda/lib/python3.5/site-packages/pandas/indexes/base.py ...

1243
1244 def __setitem__(self, key, value):

-> 1245 raise TypeError("Index does not support mutable operations")
1246

1247 def __getitem__(self, key):

TypeError: Index does not support mutable operations

Index 6§ 42195 AT A REAEE (75 4 - DataFrame AL HE 7503 16 S o I 4, KRG
AL 55 5 AL K BT S BB T

2. IndexBEFE FES

Pandas X B BT SaBUUF 415, ANERE oin) BCHEME, Hrh &b RIF L5 A BRI,
Index + it Python ARifE IS A (set) MCARAEHIRIVE £ ML, WARIEE, 0K,

In[35]: indA
indB

pd.Index([1, 3, 5, 7, 9])
pd.Index([2, 3, 5, 7, 11])

In[36]: indA & indB # %4E
Out[36]: Int64Index([3, 5, 7], dtype='int64')

In[37]: indA | indB # Jf-4E




Out[37]: Int64Index([1, 2, 3, 5, 7, 9, 11], dtype='int64')
In[38]: indA ~ indB # &k
Out[38]: Int64Index([1, 2, 9, 11], dtype='int64')

X SERRVEIR AT Ll i T R 5 33k 9L, {5140 indA. intersection(indB),

3.3 HIEEESERF

952 mAMKATE T HREL, RE . A NumPy BCEHER 5 5 T A, BERIERE (40
arr[2, 11), UIRHE (Anarr[:, 1:5]1), #EADHR(E (4narrlarr > 0]), fEMEIIZEIHRIE
(Znarrfo, [1, 511), DAREHA#AE (4narr(:, [1, 5]1), THI/T#4 Pandas [t Series #I
DataFrame Xt AR AR IREC S AR, AR A NumPy #0E8GK, stSdRE 3R
Pandas [U#EPEREK, HEAILANAHEEE T,

FATTRE I T B — 4k Series MR IT4E, SR H ELESE A4/ 4k DataFrame Xt % it £
HR,

3.3.1 Series#EEIFFHIE

WRTFTR, Series ¥4 5 —4k NumPy $t4l Fiibrifk Python FHL7EVE £ 0 D —FE, HEsE
I AL, 5E AT CAES B3 T 4 b B i Series S RVEHESR T 5 EAR,

1. g SeriesH{EFHEL

g d—f, Series XGEEHL T HE{E XIS :

In[1]: import pandas as pd
data = pd.Series([0.25, 0.5, 0.75, 1.0],
index=['a', 'b', 'c', 'd'])
data

Out[1]: 0.25

a
b 0.50
C 0.75
d 1.00
dtype: float64
In[2]: data['b']
Out[2]: 0.5
BATBERTEAH Python B IZRIA AN oA I 8 / Z5 1 F0ME -
In[3]: 'a' in data

Out[3]: True

In[4]: data.keys()

Pandas#IELLIE | 95



Out[4]: Index(['a', 'b', 'c', 'd'], dtype='object')
In[5]: list(data.items())
Out[5]: [('a', 0.25), ('b', 0.5), ('c', 0.75), ('d', 1.0)]

Series X Gk il U F ML i AR Hts . bR IR Wl Lodiad MY sy e - —4%, IRt
AT LLHE I AT R S’ Series:

In[6]: data['e'] = 1.25
data
Out[6]: a 0.25
b 0.50
[« 0.75
d 1.00
e 1.25
dtype: float64

Series XTRAY A AR P — /N EH T ERIE: . Pandas 1R )2 B4 W HE & AE I AT Jm
BAEREHIAIRE, A TR L0 #,

2. HgsertesE{E—44A
Sertes AU ZIAIF I —FEAOEE N, 1 ELEHL 4 NumPy Bl —FERISCL BRI HEDhE
EEERS| R, FEWERSISRIE, AARO PR

In[7]: # HRARSIMEAT
data['a':'c']

Out[7]: a 0.25
b 0.50
C 0.75
dtype: float64

In[8]: # FhasNBA RS EAY R
data[0:2]

Out[8]: a 0.25
b 0.50
dtype: float64

In[9]: # #HY
data[(data > 0.3) & (data < 0.8)]

Out[9]: b 0.50
C 0.75
dtype: float64

In[10]: # fLHAYZS]
data[['a', 'e']]

Out[10]: a 0.25
e 1.25
dtype: float64

A
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FECA bor i, )R RS iRl 20, HEEEMR, SEMBXFES (A
data['a':'c']) fEUIFINY, S5RBEHIG— 15 M EMEARS] (A datafe:2])
TEUIRI, SERAEEREF 1%,

3. &3|88: loc, ilocFAix

XS] AERE R 2 L 2 s R AL, B4, 4SRRI Series & WK 5], B
2, data[1] X AR EUEHES A B KD, M data[1:3] AR T #EH S AR
#5l,

In[11]: data = pd.Series(['a', 'b', 'c'], index=[1, 3, 5])
data

Out[11]: 1 a
3 b
5 C
dtype: object

In[12]: # HBUEEIERE LS
data[1]

Out[12]: 'a'

In[13]: # P #rEREAZRS]
data[1:3]

Out[13]: 3 b
5 C
dtype: object

T B S IRA Bl BGkkiE, FilL Pandas $24: T—263R5|88 (indexer) JEHEKAEAHMIA
WT5ik. BT Series MRIIRRET ik, i Bd U A DR,

PR D184 loc J@ ik, FoRBIEY) AR X
In[14]: data.loc[1]
Out[14]: 'a'
In[15]: data.loc[1:3]
Out[15]: 1 a
3 b

dtype: object

M Uloc J@ M, FoREUEFIY) R Python TR ' BaslZ ol
In[16]: data.iloc[1]

Out[16]: 'b'

In[17]: data.iloc[1:3]

1 NOJFIG, ZEMAIT X . —3FTE
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Out[17]: 3 b
5 c
dtype: object

= FEUE IR ix, BRATRMESISIHR A BN, 1 series MG ix S TARAERN
[1 (Python %113) AT, ix R5I&F M T DataFrame X4, JFHIFS 4.

Python fURBHY B EINZ —2 “BAM TR, ] loc Al tloc nTLALEACRYE 25 5y 44,
AUV . R AL PR R S AR R, R AR (E X AR R 5185 . ENIRERT
PALE AR I FIER AR R 20 5, REME R R I 2R 51 / VIR AE /) bug.,

3.3.2 DataFrame#{EiEIET

A2 F], DataFrame {EA7LEJy R 4kl fLEH, 1R 605 AR — L= 25|
AT T Series XG4 B 781, X PN bb mT RS B 7 8 4 b B4R X FhBcia 25 A i £ B
T2
1. ¥§DataFrameF{ERBL
o —FhFLb & DataFrame 41E—A> 45 T Series XG4 i 78, LRI Z Al SEHE
AT S N B EAR R iE R
In[18]: area = pd.Series({'California': 423967, 'Texas': 695662,
'New York': 141297, 'Florida': 170312,
'Illinois': 149995})
pop = pd.Series({'California': 38332521, 'Texas': 26448193,
'"New York': 19651127, 'Florida': 19552860,

'Illinoils': 12882135})
data = pd.DataFrame({'area':area, 'pop':pop})

data
Out[18]: area pop
California 423967 38332521
Florida 170312 19552860

Illinotis 149995 12882135
New York 141297 19651127
Texas 695662 26448193

P~ Series 4y Bi#y % DataFrame f—7%1l, mf UL E %51 4 k17 £ #IER (dictionary-style)
U SR B -

In[19]: data['area']

Out[19]: California 423967

Florida 170312
Illinois 149995
New York 141297
Texas 695662

Name: area, dtype: int64

AL, WAaTLUHEMEA (attribute-style) B4l 57 5 51| 2 A0 508 -




In[20]: data.area

Out[20]: California 423967

Florida 170312
Illinois 149995
New York 141297
Texas 695662

Name: area, dtype: int64
Hf[E]— A% R AT RS F MR PR, 45 R HRRIY :
In[21]: data.area is data['area']

Out[21]: True

BAR B A EER IR, B eIEAREHN, aRF LA RaiwfTE, 5%
#5|% 5 DataFrame 54 FE 4, ALk AGEAEMEZEE], fil4n, DataFrame 5 —4 pop()
J:, i H data.pop sk ASEREL 'pop' B, MiA BN A B

In[22]: data.pop is data['pop']
Out[22]: False

A, &Rz R GRS B E  (BIRTLLH data['pop'] = z, (HAVEEH
data.pop = z),

FORTTE AT 2R0Y Series Xt —4E, W LU FHIEIIEL R 52, an 2288 in—41w] LA
EREL

In[23]: data['density'] = data['pop'] / data['area']

data

Out[23]: area pop density
California 423967 38332521 90.413926
Florida 170312 19552860 114.806121

Illinois 149995 12882135  85.883763
New York 141297 19651127 139.076746
Texas 695662 26448193  38.018740

X B{E/R T MA Series M REARBEIIBFE TGS, FOTEAE 3.4 74N 41,

2. EDataFrameFE_ 4 $14H

T B $2 3, AT DataFrame 7 BO& — MY AR —4E 50, F values JEMHARIT AR
HEAE

In[24]: data.values

Out[24]: array([[ 4.23967000e+05, 3.83325210e+07, 9.04139261e+01],
1.70312000e+05,  1.95528600e+07,  1.14806121e+02],

[ 1.49995000e+05, 1.28821350e+07,  8.58837628e+01],

[ 1.41297000e+05, 1.96511270e+07,  1.39076746e+02],

[ 6.95662000e+05, 2.64481930e+07,  3.80187404e+01]])

PRAR T X — 5, wb el LIRS 802l 5206 5 UM 7E DataFrame |, f5il#4n, WJLL%} DataFrame
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REATATHIEE

In[25]: data.T

Out[25]:

California Florida Illinois New York Texas
area 4,239670e+05 1.703120e+05 1.499950e+05 1.412970e+05 6.956620e+05
pop 3.833252e+07 1.955286e+07 1.288214e+07 1.965113e+07 2.644819e+07

density 9.041393e+01 1.148061e+02 8.588376e+01 1.390767e+02 3.801874e+01

it et = M RO A1 BE A B S 2K 25 PRl B (114 DataFrame 1524 NumPy £2H vl LAR (R U RE
T3, e 4 FRATIE DataFrame Ke2H i F BN T2 5 BRI — AT Bl -

In[26]: data.values[0]

Out[26]: array([ 4.23967000e+05, 3.83325210e+07, 9.04139261e+01])

IR ER—F1 A i 75 42 7] DataFrame %3 81N F1I 5]

In[27]: data['area']

Out[27]: California 423967

Florida 170312
Illinois 149995
New York 141297
Texas 695662

Name: area, dtype: int64
H, R TEEIE N BUER, BT 75— ——ailm A £33 1) Pandas 251
7% loc, iloc Fllix T, it iloc o1&, Flilmwt ol LAGAHF NumPy %741 —#%£2:5] Pandas
MG 2440 (Python I Z351), DataFrame [fTFIARZ S H Zh R R AELE v

In[28]: data.iloc[:3, :2]

Out[28]: area pop
California 423967 38332521
Florida 170312 19552860

Illinois 149995 12882135

In[29]: data.loc[:'Illinois', :'pop']

Out[29]: area pop
California 423967 38332521
Florida 170312 19552860

Illinois 149995 12882135

fEH ix Z 518 AT LA I —FREL & 2808 -

In[30]: data.ix[:3, :'pop']

Out[30]: area pop
California 423967 38332521
Florida 170312 19552860

Illinois 149995 12882135

TEEBNE, ESIEXMTREEER IR Z /L Series MR PN B —FE, #E

100 | #3%



Bk NiitiA .
AT H T AL EE NumPy FEAB AR J5 i #0 /T LU T ix 26k 5165 . filan, wILAAE loc 56
& & (TN ALY R 5105 1 -

In[31]: data.loc[data.density > 100, ['pop', 'density']]

Out[31]: pop density

Florida 19552860 114.806121
New York 19651127 139.076746

(R —FREUE TG IR AT LUR T IR B Kt , 35X — sUF0 NumPy (5 F 75 I AH IR -

In[32]: data.iloc[0, 2] = 90

data
Oout[32]: area pop density
California 423967 38332521 90.000000
Florida 170312 19552860 114.806121

Illinois 149995 12882135  85.883763
New York 141297 19651127 139.076746
Texas 695662 26448193  38.018740

IR PR AR IR L Pandas AVECESRIE TS 75, FOHEILIRAL FI A /£ — A~ R S DataFrame |

ANFEREE T %, WAEERERSIRA . U, AR IZ o HRE,

3. BB &

A — S UE 7 AT A A B IEA R — . BIRREEA MR, [HRESED

BRI, B, AR RAPRERERESRS], w2 MRS Y] R AT
In[33]: data['Florida':'Illinois']

Out[33]: area pop density
Florida 170312 19552860 114.806121
Illinols 149995 12882135 85.883763

VIR AT DIASHE S HE, AT Eck s
In[34]: data[1:3]
Out[34]: area pop density

Florida 170312 19552860 114.806121
Illinois 149995 12882135 85.883763

52240, e T UL B — AT Tl g, AT loc R[5
In[35]: data[data.density > 100]
Out[35]: area pop density

Florida 170312 19552860 114.806121
New York 141297 19651127 139.076746

X PFMERIET 590 5 NumPy BEHITEL L, BAENTS Pandas HYHRE ST HUA K —E,
{RAEAE SR PR AT
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3.4 Pandas#{EiZ&E Hix

NumPy (JRARE ) 2 —RREX AT R TR, BEFEARRSE O, m&, F.
Br), WREEL IR (ZARE. FEBER BRI £ %% ) . Pandas 467K T NumPy
MIZhRE, FE 2.3 T fr2iid s i ef Ko G Bk

{H7& Pandas 52 B0 T — 2L b 75 T —Itiz® (RS = ME%), XK
ﬁhfiﬁ‘tﬂ%%*ﬁ BRSIFNFIARE; WXt T Jcis® (Anhnikfisid:), Pandas fE(&#

BRI BTN 25 B Bh 3 SRR 53 H‘ﬁ XEtERE, REEHENE '3%“%5]5&()?5’]@1
fﬁiﬁlf £ NumPy %20 i B2 5 it o7 AZ R T Pandas B TF4, JEE S
#—LE3 T4k Series FlI 4 DataFrame [ iz 5 5.

3.41 BRHEBRH: RERSI

[A % Pandas A& H:37 /E NumPy 2l 2 Ef9, AL NumPy (1938 H 68 %5 [R1#E5E F T Pandas 19
Series fll DataFrame X%, 1F3&ATH—/ T #HY Series Fll DataFrame {15 :

In[1]: import pandas as pd
import numpy as np

In[2]: rng = np.random.RandomState(42)

ser = pd.Series(rng.randint(0, 10, 4))
ser

Out[2]:

A NWO

0
1
2
3
dtype: int64

In[3]: df = pd.DataFrame(rng.randint(0, 10, (3, 4)),
columns=['A', 'B', 'C', 'D'])

df
Out[3]: A B C D
O 6 9 2 6
17 4 3 7
2 7 2 5 4

AR 35X A X R H A — A i B NumPy G F B, A eI gE g 5 — 1 RB &SI
Pandas %14

In[4]: np.exp(ser)

out[4]: © 403.428793
1 20.085537
2 1096.633158
3 54.598150
dtype: float64

B, B HRE s R

A
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In[5]: np.sin(df * np.pi / 4)

Out[5]: A B C D
0 -1.000000 7.071068e-01 1.000000 -1.000000e+00
1 -0.707107 1.224647e-16 0.707107 -7.071068e-01
2 -0.707107 1.000000e+00 -0.707107 1.224647e-16

A —FPLE 2.3 Y5281 Bad e T mT DA B 20U 75 A

3.4.2 BARE: F3IXF

MTEH - Series o DataFrame Xt b it4T —JCitHlt, Pandas 25 7E 51T R AR 655 95 /> %ot
RIS, MURCEE A2 R SR, X — B 58, Tl LA E R B E

1. SeriesZE 5| X%

HKE—NHIT, BRARERR A A BARIRE S, Hrh—A2 5 E m AR o B =/~ NI E
AR, B—AREEAN DR =AMEIA O

In[6]: area = pd.Series({'Alaska': 1723337, 'Texas': 695662,
'California': 423967}, name='area')

population = pd.Series({'California': 38332521, 'Texas': 26448193,

'"New York': 19651127}, name='population')

KRB MR N NERLA RS 2T 2RISR

In[7]: population / area

Out[7]: Alaska NaN
California 90.413926
New York NaN
Texas 38.018740

dtype: float64
EERBAM RS RN A SRS IFE, Tl T LA Python Frifl ZERYSE A i FLZ M
KIRBIXNERT]
In[8]: area.index | population.index

Out[8]: Index(['Alaska', 'California', 'New York', 'Texas'], dtype='object')

Xt e r B A KE, Pandas 23 NaN SHFE, o “BLALTCH”, X% Pandas Fonik R (E
(757% (HEREIEZ I 3.5 TR THRIERINR) . XRS5 7 R ik Python B Y
AR SCILNT, AT EBRINHR T NaN SH7E «

In[9]: A = pd.Series([2, 4, 6], index=[0, 1, 2])
B = pd.Series([1, 3, 5], index=[1, 2, 3])
A+ B

Out[9]: © NaN

1 5.0
2 9.0
3 NaN

dtype: float64
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AR A NaN (B AR AT ARSI 5 R, AR A mT LU & i R 05 RO s . il 4,
A.add(B) (T A + B, WATLABCE 24 A & 3 A B B AR AUE «

In[10]: A.add(B, fill_value=0)

Out[10]: © 2
1 5
2 9
3 5.
dtype: float64

2. DataFrameZ 5| X} 3%
TEHE A DataFrame 5, ZR{IAIZRE X F N REIFES HEAERRE (FR5E) Fibh.

In[11]: A = pd.DataFrame(rng.randint(0, 20, (2, 2)),
columns=11ist('AB'))
A

Outf[11]: A B
0 1 11
1 5 1

In[12]: B = pd.DataFrame(rng.randint(0, 10, (3, 3)),
columns=11ist('BAC"))

B

Out[12]: B A C
0 4 0 9
1 5 8 0
2 9 2 6

In[13]: A + B

Out[13]: A B C
0 1.0 15.0 NaN
1 13.0 6.0 NaN
2 NaN NaN NaN

BB, AR RIATHNIR S W LA AT, S5 R 512 A shigiFHEs. 18
Series rft, FRATTATLLE I i@ BAT 5 kR FLll_value 240 & R ME ., X L, FRATTHH A
T A RS ER R (E (T3 A RUSIE TGS stack K “HeBUH I 4ipl— 45 -

In[14]: fill = A.stack().mean()
A.add(B, fill_value=fill)

Out[14]:
1

A

.0 15,
13.0
.5

N 2o
A W -
w o un
o o w
@ b~ W
[NV, IV, B

13. 1

7 3-1 517 T 5 Python iz BFFAHXT Y Pandas %4 J574 .

A
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73-1: Pythoniz& ¥ 5Pandasf3 /ARG XA
Pythoniz & % Pandas7 %

+ add()
sub(). subtract()
* mul(), multiply()
/ truediv(). div(). divide()
/] floordiv()
% mod()
o pow()

3.4.3 BHAHEL: DataFrame5SeriesfJiz &
RANZH T EA—)> DataFrame F1—/~ Series FEATIM, 115 F HAE 2R, Hugk
Ui, DataFrame F1 Series (JiZ BN, 5 NumPy v 4 21 5 — 4 5 20 s BRI
—FE . RE A IERE, AT B S —1T5E
In[15]: A = rng.randint(10, size=(3, 4))
A

Out[15]: array([[3, 8, 2, 4],
[2, 6, 4, 8],
[6, 1, 3, 8]1)

In[16]: A - A[0O]

Out[16]: array([ , 0, 0, 0],

[0
['1) '2, 2: 4]1
[ 3: '7’ 1: 4]])

RAE NumPy ) #8000 (BERFIES L 2.5 99), 1L "4e8eHm A S — 7 BdR S ATHHE.
TE Pandas HERIN MR FRATIBERY

In[17]: df = pd.DataFrame(A, columns=1ist('QRST'))
df - df.iloc[0]

Out[17]: Q RS T
0O 06 06 0 0
1-1-2 2 4
2 3-7 1 4

ARSI, AR 2k F5 SR I R R s R Tr vk, i axis 24k E

In[18]: df.subtract(df['R'], axis=0)

Out[18]: Q R S T
0 -5 0 -6 -4
1-4 0-2 2
2 50 2 7

R4 K& N DataFrame / Series iaB Sai A E —FE, SiFMZEEIERS A 57
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In[19]: halfrow = df.iloc[0, ::2]
halfrow

Out[19]: Q 3
S 2
Name: 0, dtype: int64

In[20]: df - halfrow

Out[20]: Q R S T
0 0.0 NaN 0.0 NaN
1 -1.0 NaN 2.0 NaN
2 3.0 NaN 1.0 NaN

XEEATHIR SRR B 5% 55 75 i U B Pandas fEis N & — HLARAFIX LB N, MTiES
FEACPRE IS A 22 S/ Sk FEAS— S NumPy B I m] el 2 Rl

3.5 AQbIEGRS(E

KL B ke BAE AR 5ELSE TR BRI XCAIE TR & IR TH BTy, 7%
AT B AR A B e B LR . SO ERE, AR PIAS ) Bt I ik 2 (O 0 508
A

A LA A 28— Lo b PR 3k S e FH BRI, Pandas X ik 26 (B Y R ILTE S, FHE0R
Pandas F 4 A9 LA AL PR (B0 T H B AT . A1 DA R 2 4598 R A ke S {5 26 =P
3: null, NaN 5 NA,

3.5.1 EIFIEREAENFE

FEH P o DataFrame FhA R Z IBIGRRAGRT T3 75, — et 0L T ATLAS Ayl . —Fl5 ik
Al i — A A R AORERIE, B—FI kR — A HREE (sentinel value) #
AR

FEFERD Ty ik, R TR — A~ 5 I B 4 FEA IR A e B AT /R A, hnTRER— I — A
beke (08 1) ForARRIENRERE.

FERRE T b, AREME T REE BRI SR (Bilani —9999 For ki Resr), hrThEeLe
W BRI, 5o, PREEETRERE 2 RAIME, ELani] NaN (g —A %) #Fonik
FWIF B, Bt IBEE IF G His i HURF A4 o

X AN s 2 AT A TR 2 e an 5 G . (i FH A AR AR RO B 2 S BV M B — /A IR T
4, MRS s TAREE 5 345/ 0 T AT AR R B A RITER, mTRE
THEAE CPU i GPU HAZH T BNy (A A R R RS,
FHI NaN L ANRE R R AT A St 267

KEFIEWT, A FERELEE, AENERESSRGFERAEN . Glan, RIE
B AR AR 2T R B — A LURRE D B e BB IBRZE 16, T SciDB RS SRR R ITE
HUIN— AN EIMN T 1 RoR NA R .
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3.5.2 Pandashysis(E

Pandas AR HAEAY 7 RIELE T NumPy FFRAI T, 3 TR A8 28 R f (i iy
B NA PR R

Pandas JFAS L rT L% B8 R T8 5 R AW LR A 5 — R Bt bRt R (i, (B IX RS
FAEF A, RIEFEE 4 FEAEAKIRA, i NumPy SCRAAVEATER 4 i, a0, R1E
BRA MR, 1 NumPy SR 14 R BB, rTURIER . #75. ZRbd
RAFTIESRE . AR B NumPy B4 B R B — A LU PRTE B R (B, WTRETR 22
AR R A AR VR RE DR IR S 0, L T AR R JLFAR S T B — 48T NumPy
B, Ao, T B/ NOERSR (a0 8 (LR AIKdE ), At — A ELAR R A Bk
(EbRERIHERD D 2 S B R E R4/

5%, NumPy W@ STRHER AR, Wi Ui vl LU — /A RIERD B2 ok IS B AR “
BRAME” B¢ “HikIAE". Pandas WM TXAThRE, (HRAEAGE. RIS LES 5
AT SR A LTI, PRI A7 AT A AT L

LEA B EA T BRIt S, Pandas S B FARE i FoRGRMA, A FEFFH Python i
A HIGRRAE . 17 R EPRIETIA NaN i, LA Python [ None X5, J A FHFS LI, B
X oM A —SERIER, AR Sbris VSR IR & AN

1. None: PythonXtgEEIRIER (R

Pandas 7] LA FHAY 28 —Fiiik e (B AR %5 A& None, ‘Ea&—> Python BL{AXf 5, &4 LS
FoRtIAE . BT None & —A> Python X4, FrLIARENE 1L NumPy / Pandas %2 2 %Y
IGRRME, HEEHT 'object' $ZHAY (BIHH Python XG4 B ELEH ) -

In[1]: import numpy as np
import pandas as pd

In[2]: valsl = np.array([1, None, 3, 4])
vals1l

Out[2]: array([1, None, 3, 4], dtype=object)

ix HL dtype=object F~ NumPy I\ H1 13X 4~ K 2H & Python X QAL BHY, A H HE 2 7Y
FIUTF Ay object, HARXFRABLEILLESE b AR H A M, BRI E B IE R A HB S AL
Python RS, (& EFEATH WA VRN, X Rh 27 bl Hfth J5T A= 28 R B0 2H 220 AE
EIEA L/
In[3]: for dtype in ['object', 'int']:
print("dtype =", dtype)

%timeilt np.arange(1E6, dtype=dtype).sum()
print()

dtype = object
10 loops, best of 3: 78.2 ms per loop

dtype = int
100 loops, best of 3: 3.06 ms per loop
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{5 1 Python i G Ay Bl B B 20 ik B0k A A SR AR — A4 & None WU BCAH BEAT R HHR1E, 40
sum() B min(), ALl S B AR .
In[4]: valsil.sum()
TypeError Traceback (most recent call last)
<ipython-input-4-749fd8ae6030> in <module>()

----> 1 valsi.sum()

/Users/jakevdp/anaconda/lib/python3.5/site-packages/numpy/core/_methods.py ...

30

31 def _sum(a, axis=None, dtype=None, out=None, keepdims=False):
---> 32 return umr_sum(a, axis, dtype, out, keepdims)

33

34 def _prod(a, axis=None, dtype=None, out=None, keepdims=False):

TypeError: unsupported operand type(s) for +: 'int' and 'NoneType'
Xkt fE Python H {545 & A5 None Z AR LB 5L,
2. NaN: H{EZRBIRERKE

i B IR Z A NaN (2R Not a Number, RE—PEFE), & —F#2 8 IEEE {753
BARAEET . AEATA] R b BRI 2 AR TR I R B

In[5]: vals2 = np.array([1, np.nan, 3, 4])
vals2.dtype

Out[5]: dtype('float64')

R, NumPy 2 A MR A AR 2R, X R B TN ZATHY object 2874
HAR, XABE W FER C ARSI, IRATLAHE NaN & 1 — i 2k
B S EHRME EFERI L, TCIRF NaN BEATfAIRIERE, B AR NaN:

In[6]: 1 + np.nan
Out[6]: nan
In[7]: @ * np.nan
Out[7]: nan
RARIX L B HE R A e SURAFRR (BRSS9 ), (R RS A 2
In[8]: vals2.sum(), vals2.min(), vals2.max()
Out[8]: (nan, nan, nan)

NumPy @it T —LERpikay R it e s, ATl LLZRE BRI (GRS -

In[9]: np.nansum(vals2), np.nanmin(vals2), np.nanmax(vals2)

Out[9]: (8.0, 1.0, 4.0)
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HIC, NaN & —FhERERTT s, RS, TR LR b R A,
3. PandasHiNaNENonef ZEH

K NaN 55 None %4 % HYFIAL, 1HE Pandas 8 EATH B FT AT 2 Hefy,  7EIE 4 i
flge 25 P A TR A

In[10]: pd.Series([1, np.nan, 2, None])

Out[10]: © 1.0

1 NaN
2 2.0
3 NaN

dtype: float64

Pandas S HH{ A PR IERVER Y B Sh e NA. Bildn, 8 1H R R v i — AN I3
B np.nan IR, XA E i 2 56 il A BT i B 2 (B NA,

In[11]: x = pd.Series(range(2), dtype=int)
X

Out[11]: © 0
1 1
dtype: int64

In[12]: x[0] = None
X

Out[12]: © NaN
1 1.0
dtype: float64

THTER, BR T H 8 R B A ik 2 (855 i B 46 h ¥ )58, Pandas i& 2% A 3l Kf None # 464
NaN, (F5EEERMZ, BLIE GitHub |- Pandas Tl H o CL 2 A AR IO In— A~ it Az fy % A
NA, AILEIREABRIE AL, )

RUEX S fh & BETE YR T EL R 1B 5 5L MG THE S RYB R % E 2 —2%, (B Pandas
HIPRE: | et IEE SRR VACRAR R AT, AEBA NRIE i R JLP A )t

Pandas %} NA @it Je{E 3E 17 5 lAL AN 4n e 3-2 FioRs.
7<3-2: Pandas3IAN BB TRA(EOIEE RN

il TR (E RN NABRZ{E
floating {F S 7Y TeAsft np.nan
object X5 2R JeARAL, None B, np.nan

integer A2 AY SR LA floates np.nan
boolean ffj /R 7Y o il 44 object None B, np.nan

T RERERIAL, Pandas Hr 57 Y 28 T AR 42 T object ZAUAE Gk,
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3.5.3 AbIEER{E

RN L5008, Pandas 2745 3 None F1 NaN & kA Al LAZEN AR HL U B e (ETE . h T 520K
XA Hl 5, Pandas $2fit T —205 sk LB, BIBE. BHBdEaE TR G E, EER
TELL T LR,

isnull()

B — A R R AR R B (L
notnull()

5 tsnul1() #1EH .
dropna()

IR [l —/ Sl % T A AL
fillna()

IR Bl —MEFE T BRI EARRIA
AR TR R R B R IX 26 75 1
1. RBRK(E

Pandas £ 45 498 PRI A 2009 75 B /T DA R BLG J{E . isnull() F1 notnull(), 45:FhJ5 %8
IR [E A SRR R A TS, (40

In[13]: data = pd.Series([1, np.nan, 'hello', None])
In[14]: data.isnull()

Out[14]: © False

1 True
2 False
3 True
dtype: bool

SEIRAE 3.3 Hirp ST 280, A /RFETUERD A nT A AR Series B DataFrame HYZR 5| -

In[15]: data[data.notnull()]

Out[15]: © 1
2 hello
dtype: object

£ Series BLE FMY isnull() il notnull() [RI#EiE F T DataFrame, A iy &5 J R #E 2 A /R
2. BIkRELKIE

B T RTTE AT 28RS 5 7%, IS A PR A B RAE AL PR T5 7%, 47 Bilx& dropna() (SRR
SRAE) A fillna() (BHFEBRAAA) . fE Series b fil FHX£ET5 kA k¥ o

In[16]: data.dropna()

Out[16]: © 1
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2 hello
dtype: object

Mi{E DataFrame L {fi /B IS5 2% B —L2 8, (40 T [AifY DataFrame:

In[17]: df = pd.DataFrame([[1, np.nan, 2],
(2, 3, 51,
[np.nan, 4, 6]11)
df
Out[17]: 0 1 2
0 1.0 NaN 2
1 2.0 3.0 5
2 NaN 4.0 6

FA1P% M DataFrame F BSR BB —/ME, 22 BIBRGR L (E PR3 T, B2 5%,
WL PhrER, ARIREEHREELST, B IGER&4%, DataFrame AR dropna() &H —
SR B DARL &,

HRINEDL T, dropna() £ BB AL & ik S (B A B AT 50

In[18]: df.dropna()
Out[18]: 0 1 2

1 2.0 3.0 5

A A% B A RIS AA B R BB B 2 (8, Hbn axis=1 (8 axis='columns') & HIREMEE
TR (B R R

In[19]: df.dropna(axis='columns"')

out[19]: 2
0o 2
15
2 6
HA X 2B AT R B —IE AR, B4 T REA IRk K2 5 £ B0 Bl A0 1Tk
G, S R 2 BOR G RNER TS, X LR AT LG I BB how B thresh 4Okl 2
ENTAT LA E SRR T s Bl (A A B R R

BRIN T B AL how="any", the Ut R A il J (e ok 2 B B A7 s 51 Gl i axts i B AR A
) o PRIEATLAE how="all', XMt R & HIFR 2R B AR TE4 T

In[20]: df[3] = np.nan

df
Out[20]: 0 1 2 3
O 1.0 NaN 2 NaN
1 2.0 3.0 5 NaN
2 NaN 4.0 6 NaN

In[21]: df.dropna(axis='columns', how='all')

Out[21]: 0 1 2
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0 1.0 NaN 2
1 2.6 3.0 5
2 NaN 4.0 6

BAILLE L thresh 224 B 478051 P ARBRKABA e/ M, AT SEBL S I PE AL AL

In[22]: df.dropna(axis='rows', thresh=3)

Out[22]: 0 1 2 3
1 2.0 3.0 5 NaN
LTS8 3485 T, FABNMREEH/ R (E,
3. IEFRHKE

A IHEVR AT REFE A AL BRI A, A A e T A . A E T RE & 1R
0. 1. 2 IBFEBASRAYME, telRe R (imputation) B¢F4# (interpolation) 75F[AY,
BARIRAT A L snull() J5 i@ fehd ok e ik 2 {6, {HA& Pandas Ak %[ [92 4t T —4
fillna() i, BRRREUETE T i R(E G RIA .,

K F R Series (R

In[23]: data = pd.Series([1, np.nan, 2, None, 3], index=1list('abcde'))
data
Out[23]: a 1.0
b NaN
« 2.0
d NaN
e 3.0
dtype: float64

B PR — A~ R ER L ST B (B, 514008 0
In[24]: data.fillna(0)

Out[24]:

1.
0.
2.
0.
3.

[clocNoN ool

a
b
c
d
e
dtype: float64

] DL e 2 18 R T PO A BB R AT SR FE (forward-fill) -

In[25]: # MAifEfEET
data.fillna(method="'ffill")

out[25]:

1.
1.
2.
2.
3.

[clcNoN ool

a
b
C
d
e
dtype: float64

LRI DA ke (L T ) A 8B R AR AE RIS (back-fill) -

s oo =z
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In[26]: # MJEHRMET
data.fillna(method="'bfill")

Out[26]:

W wNNN
[clNcNoNoNo

a
b
C
d
e
dtype: float64

DataFrame f#R1ET h S Series ML), HAEAEHEFTTHFEIR B AVRIISEL axis:

In[27]: df

Out[27]: 0 1 2 3
O 1.0 NaN 2 NaN
1 2.0 3.0 5 NaN
2 NaN 4.0 6 NaN

In[28]: df.fillna(method='ffill', axis=1)

Out[28]:

T SRR, (RAnE AT AR ST, SRR e B R IERT B A, A2 et 0hike
(SN[

3.6 BRES

M EATA IR, B AR A — ZESC R A 4 %E, H Pandas [1) Series Fil DataFrame %}
Gk i UAE . AHFRA 28 2B B A7 ik 2 4 m ik, SRR ol — /A,
I, Pandas $2£fit T Panel Fll Panel4D Xt 4 fift e = e Bt SU4E e (FEEIES W 3.7 7).
ML, AR EE BRES| (hierarchical indexing, WA ZHES],
multi-indexing) FLA % A AFEER (level) I—FZBE5I—tfEMH, XA AT LK R 4E 5L
LR B B L) —4E Series Fll 4k DataFrame X4 [1IER.

X, AT 01 MultiIndex XREITTTE, ZRFESIBIRIVIE, PIAFgett
[ERHR, DR EBRs |5 RS WA T %,

B 5 A Pandas F1 NumPy :

In[1]: import pandas as pd
import numpy as np

3.6.1 Z4ZpZFE5|Series

LEFBRATR B AT —4ERY Series X RFTR e ——H— R I SRS BUE A B 5.
A fE BLTHOR

Pandas# B4 IE | 113



1. ik
(B BE VR R 43 A 55 [ &% MU AE 5 /S AS B4R oy RO B . 4n2F O I i T/ 22 09 Pandas T H Ak
H, B4 ATRES H—/ Python TC4A R FERZ 5]

In[2]: index = [('California', 2000), ('California', 2010),
('New York', 2000), ('New York', 2010),
('Texas', 2000), ('Texas', 2010)]
populations = [33871648, 37253956,
18976457, 19378102,
20851820, 25145561]
pop = pd.Series(populations, index=index)
pop

Out[2]: (California, 2000) 33871648
(California, 2010) 37253956

(New York, 2000) 18976457
(New York, 2010) 19378102
(Texas, 2000) 20851820
(Texas, 2010) 25145561

dtype: int64

WL TCHM BRI 2 HZRE], PRATLAE AL Sertes REUESHYI 2 1t -

In[3]: pop[('California', 2010):('Texas', 2000)]

Out[3]: (California, 2010) 37253956

(New York, 2000) 18976457
(New York, 2010) 19378102
(Texas, 2000) 20851820

dtype: int64

(HR X AR T E , RANPRARZEBE BT 2000 4R 5, AR 2k i3 FH — Lo bb iR B 761y
(PTREALLLI IR G T
In[4]: pop[[i1 for 1 in pop.index if i[1] == 2010]]
Out[4]: (California, 2010) 37253956
(New York, 2010) 19378102
(Texas, 2010) 25145561
dtype: int64
X AMOB RS RIEENER, 25 Pandas & N BEABETMIY) FIEEMEL, R
WHSEAS AT (FEACERER R BRI A 5350 .
2. {F9i%: PandasBRE5|
4f1E Pandas $2fit T AP MR %, FIOCHFORFR I 92 2R RS I, Pandas
Y MultiIndex R AVHROE T 0 E & RIE G &, FATTLLHCH IR -2 RES],
RN

In[5]: index = pd.MultiIndex.from_tuples(index)
index

Out[5]: MultiIndex(levels=[['California', 'New York', 'Texas'], [2000, 2010]],
labe]-S:[[O’ Os 1: 1; 2; 2]: [OJ 1: 0; 1; 0; 1]])
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fRe %3 multindex A —4~ levels JE& MR INGR 5 HI S R ——X FEMHCAT LUK £ A48
EA A BRI A FRRRE

AR AT QUL R pop HYZR 51T E (reindex)  Multilndex, @hexFHEIRHRGI:

In[6]: pop = pop.reindex(index)
pop

Out[6]: California 2000 33871648
2010 37253956
New York 2000 18976457
2010 19378102
Texas 2000 20851820
2010 25145561
dtype: int64

Hrh SRR Sertes IZRESIE, H=FIfdn, RaRIA STk 771
Bg——X KL L RRC IR, B2 5 LA S IHE .,

BUE R DA B S AR5 13RI 2010 4R 2 88d)E, 15 Pandas FIU) 7 1 7L — 2L

In[7]: pop[:, 2010]

Out[7]: California 37253956
New York 19378102
Texas 25145561
dtype: int64

SR ARSI, IERBMNGERN. S ZatfTda R, 2R SIIELER
o GRIEWELME] ) THMSENBRBRSIWIERIES .

3. BYEHIEN ZRES]

RAlReCERE R, AT E 2 W LU — A #1751 5 IHY {1 DataFrame AR5 Aij 1HI Y 2
R#ol, o Pandas CLASHL T B ENRE, unstack() J5 i vl AP — A 2 2 F 511y
Series (b 422 5| ) DataFrame;

In[8]: pop_df = pop.unstack()
pop_df

Out[8]: 2000 2010
California 33871648 37253956
New York 18976457 19378102
Texas 20851820 25145561

HIRT, A stack() T3 SKIUAHATEOR «

In[9]: pop_df.stack()

Out[9]: California 2000 33871648
2010 37253956
New York 2000 18976457
2010 19378102
Texas 2000 20851820
2010 25145561
dtype: int64
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RATRES 2 EE T A 2 B AR B R o], H i RE . AR TEAH S £ 5%
F oIy —4E series Kt Fom ~4efidin, ATk v L Series 5{ DataFrame Fox — 4k
R WAL, 2RRETEIN—g, FEREIE 4, R R R AT A
BANFORTEBYEEIEAE T RAanES I —y onE—FE &M DG it-febr (540 18
ZULTIIANR), Ao FixFhai A MultiIndex B4, 38 n—%I]t{% DataFrame H#1E
LY
In[10]: pop_df = pd.DataFrame({'total': pop,
'under18': [9267089, 9284094,
4687374, 4318033,

5906301, 68790141})
pop_df

Out[10]: total underi18
California 2000 33871648 9267089

2010 37253956 9284094

New York 2000 18976457 4687374

2010 19378102 4318033

Texas 2000 20851820 5906301

2010 25145561 6879014

AN, A AE 3.4 T 4k i ek o H b Bh e RIS T 2R =5l AT TEALHA
LmEEdET 18 ZLLFRIAE SN A RTEL i -
In[11]: f_ul18 = pop_df['under18'] / pop_df['total']
f_u18.unstack()

Out[11]: 2000 2010
California 0.273594 0.249211
New York 0.247010 ©0.222831
Texas 0.283251 0.273568

[AIAE, BT AT AR o 0 S AR 0 e A i

3.6.2 ZRESIMEIEAE

Jj Series B DataFrame Gl £ 2k 3 5| i H I E NS index 4K B A /D " HEHIE
SIEEH, TR
In[12]: df = pd.DataFrame(np.random.rand(4, 2),
index=[['a', 'a', 'b', 'b'], [1, 2, 1, 211,
columns=[ 'datal', 'data2'])

df
Out[12]: datal data2
a1l 0.554233 0.356072
2 0.925244 0.219474
b1 0.441759 0.610054
2 0.171495 0.886688

MultiIndex HYOIHEE TARRHESG & 5E .
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FIFE, QR ORIERTCLANE A f Y 7 H £ 36 45 Pandas, Pandas H, 23 BRIANFL ) Multilndex:

In[13]: data = {('California', 2000): 33871648,
('California', 2010): 37253956,
('Texas', 2000): 20851820,
('Texas', 2010): 25145561,
('New York', 2000): 18976457,
('New York', 2010): 19378102}
pd.Series(data)

Out[13]: California 2000 33871648
2010 37253956
New York 2000 18976457
2010 19378102
Texas 2000 20851820
2010 25145561
dtype: int64

THAE A e B2 B multiIndex R RA MY, TR —LE0IT5 .

1. B e ZRFESI
YRATEAH pd.MultiIndex Hv 2475 i S ARG M AD - 2 2k 5, Bildn, sk A% i v o 2831,
PRATEASE I — > A R S O T S B AL 51 2ERADE MultiIndex:

In[14]: pd.MultiIndex.from_arrays([['a', 'a', 'b', 'b'], [1, 2, 1, 2]1])

Out[14]: MultiIndex(levels=[['a', 'b'], [1, 21],
labels=[[0, 0, 1, 1], [0, 1, 0, 1]])

AT Lhdd @8 2435 HE R T BRI A1 A1 MultiIndex:
In[15]: pd.MultiIndex.from_tuples([('a', 1), ('a', 2), ('b', 1), ('b', 2)1)

Out[15]: MultiIndex(levels=[['a', 'b'], [1, 211,
labels=[[0, 0, 1, 1], [0, 1, 0, 1]])

ERTLAHMAN 225 RIS R /RFE (Cartesian product) 617 Multilndex:
In[16]: pd.MultiIndex.from_product([['a', 'b'], [1, 2]])

Out[16]: MultiIndex(levels=[['a', 'b'], [1, 211,
labels=[[0, 0, 1, 1], [0, 1, 0, 1]])
TRl L AL levels (RSB EFHRIZESHESIFENIFFR) 1 labels (BEEHAZI5IE
PREFIFRIIFIZR) Gl Multilndex.

In[17]: pd.MultiIndex(levels=[['a', 'b'], [1, 211,
labels=[[0, 0, 1, 1], [0, 1, 0, 1]])

Out[17]: MultiIndex(levels=[['a', 'b'], [1, 2]],
labels=[[0, 0, 1, 1], [0, 1, 0, 1]])
1E B Series & DataFrame [, R[LLBFXEEN S BN index 22451, it reindex ik
T Series © DataFrame fZ35],
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2. BRRIIHIFERETR

2 MultiIndex HYSELIN LA FRE A —LARVEAR BEAEH . P T DAZE R T AL (i — /> Multilndex
Fgie s Had i names Z2ECR B AFR AR, M AT DR QI 2 Ja it 22 5 1 HY names J& Pk & 2
HFR:

In[18]: pop.index.names = ['state', 'year']
pop

Out[18]: state year

California 2000 33871648
2010 37253956

New York 2000 18976457
2010 19378102

Texas 2000 20851820
2010 25145561

dtype: inté64

FEACER AT ZRAV BT, hER IR B AR E T L AR5 AR N,

3. ZRINFRS
#/ DataFrame (1T 5FIHRRASFRIY, Wik & VBEARA ZRATHS], IAFFERLLA 2%
FIZR5 1o LA T — {5 B i B AU AR -

In[19]:
# ZIRATHNER S
index = pd.MultiIndex.from_product([[2013, 2014], [1, 2]],
names=['year', 'visit'])
columns = pd.MultiIndex.from_product([['Bob', 'Guido', 'Sue'], ['HR', 'Temp']],
names=[ 'subject', 'type'])

# AR

data = np.round(np.random.randn(4, 6), 1)
datal:, ::2] *= 10

data += 37

# fl|#tDataFrame
health_data = pd.DataFrame(data, index=index, columns=columns)
health_data

Out[19]: subject Bob Guido Sue
type HR Temp HR Temp HR Temp
year visit
2013 1 31.0 38.7 32.0 36.7 35.0 37.2
2 44.0 37.7 50.0 35.0 29.0 36.7
2014 1 30.0 37.4 39.0 37.8 61.0 36.9
2 47.0 37.8 48.0 37.3 51.0 36.5

LE TR IMEIEIERE R, bl T A S VUSR5 B A A
ANt 4 . AT E . EED SRS, "TUSESZESIE — R4, sk
WE—AN (40 Guido) 2HEBKSAS1E BHY DataFrame;.

In[20]: health_data['Guido']

Out[20]: type HR Temp
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year visit

2013 1 32.0 36.7
2 50.0 35.0
2014 1 39.0 37.8
2 48.0 37.3

IARARIRIUE & 2 R BRI B, TR AR (A, ER. WERRE) L
KREWARETI, XIHER 2 RAT5IFR S I TR RaARE T {E.

3.6.3 ZRERSIMWBUESUR

X MultiIndex AUBRIEFOY) B G, fRal LB 40235 R B A ME A4 )%, el
FeAr4E series ZHRZESIBUE SV R J5#:, T4 DataFrame (L,

1. SeriesZ R/ ET|
EA T EAIMNEN DB R £ 35| Series:

In[21]: pop

Out[21]: state year

California 2000 33871648
2010 37253956

New York 2000 18976457
2010 19378102

Texas 2000 20851820
2010 25145561

dtype: int64

AL R A PR B AR AN TR

In[22]: pop['California', 2000]
Out[22]: 33871648

MultiIndex th % +5/FEBENE (partial indexing), HJHRERZESIME—ANER, B RS
PoZ], ARSI — /N Sertes, RUEHIIREZRDIES PR .

In[23]: pop['California']

Out[23]: year
2000 33871648
2010 37253956
dtype: int64

RRSEA RELF, Avid 245K multiIndex S0 FHEFIH (k15K £E 3.6.4 11T 43 HY)
ABFE) -

In[24]: pop.loc['California':'New York']

Out[24]: state year
California 2000 33871648
2010 37253956
New York 2000 18976457
2010 19378102
dtype: int64
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RS ICAHT, WATUBRRRIIRSBUE, B RBRIR U= A

In[25]: pop[:, 2000]

Out[25]: state
California 33871648
New York 18976457
Texas 20851820
dtype: int64

Hpb B S EdR B 5 (EEIES W 3.3 ) bl M. R i fl-F &l i 7 SR
PR -

In[26]: pop[pop > 22000000]

Out[26]: state year
California 2000 33871648
2010 37253956
Texas 2010 25145561
dtype: int64

AT AR B2 5 e -
In[27]: pop[['California', 'Texas']]

Out[27]: state year
California 2000 33871648
2010 37253956
Texas 2000 20851820
2010 25145561
dtype: int64

2. DataFrame & 25|
DataFrame £ SIS Series Jfll, &M ZATAIAAS & EE KR «

In[28]: health_data

Out[28]: subject Bob Guido Sue
type HR Temp HR Temp HR Temp
year visit
2013 1 31.0 38.7 32.0 36.7 35.0 37.2
2 44.0 37.7 50.0 35.0 29.0 36.7
2014 1 30.0 37.4 39.0 37.8 61.0 36.9
2 47.0 37.8 48.0 37.3 51.0 36.5

i DataFrame E’J%Z@ﬁ?l%ﬂ%ﬁ?l Rl Series A 244235 ) F#: % T DataFrame gt
RSN BT Bl4n, wTLGE A A B EIREL Guido .03 .

In[29]: health_data['Guido', 'HR']

Out[29]: year visit

2013 1 32.0
2 50.0
2014 1 39.0
2 48.0

Name: (Guido, HR), dtype: float64

A
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5RZRGIFL, £ 3.3 TN loc, Lloc Fl ix KA ATLAE, {il4n:

In[30]: health_data.iloc[:2, :2]

Out[30]: subject Bob
type HR Temp
year visit
2013 1 31.0 38.7
2 44.0 37.7

AR LEZR 5 65 2 AR 4 1F B AC HE, (HAEAE Loc A1 Lloc Hl A3 24~ R 2R HY
oL, Biln.

In[31]: health_data.loc[:, ('Bob', 'HR')]

Out[31]: year visit

2013 1 31.0
2 44.0
2014 1 30.0
2 47.0

Name: (Bob, HR), dtype: float64
XFRE DT EARR T, anRETeH P Y e & S 8083 R
In[32]: health_data.loc[(:, 1), (:, 'HR')]

File "<ipython-input-32-8e3cc151e316>", line 1
health_data.loc[(:, 1), (:, 'HR")]
A

SyntaxError: invalid syntax

EBIRVRATEAM Python N EHY slice() BMEGRICEZIY) f, HEIEH —FEAFHIIME,
A&ff H IndexSlice X%, Pandas %[ I X JeA, fFildn:

In[33]: idx = pd.IndexSlice
health_data.loc[idx[:, 1], idx[:, 'HR']]

Out[33]: subject Bob Guido Sue
type HR HR HR
year visit
2013 1 31.0 32.0 35.0
2014 1 30.0 39.0 61.0

s 2 P 511 Series Fll DataFrame Y THARK A H AR L, HitigAB L2 T
H—f, FHHERCN, Skt e

3.6.4 ZR/RSIITIHR K

6 2 0 5 Y 56 B 2 4R A 8B IR "6 #1905 1. Pandas 42016 T UF 2481, "TLLLE%
BN REFAERIRIN, 4G EII TP e, Z RT3 — A8 B0 ] - it
stack() I unstack() AU, (HHSGEAVF 2 &EEHIRRATIIRS IR, IERAR—
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1. EFNRSIFMEFHES]

RPN R, RME L6 RREZREZSHF, XEFEEMNMIE T, R
MultiIndex RE2EFHIRS], PBAKSHIFBRIEBSKB. EERIER T,

B AT IRF AR (lexographically) HEFIAY L 2iZ25] Series:.

In[34]: index = pd.MultiIndex.from_product([['a', 'c', 'b'], [1, 21])
data = pd.Series(np.random.rand(6), index=index)
data.index.names = ['char', 'int']

data
Out[34]: char 1int
a 1 0.003001
2 0.164974
C 1 0.741650
2 0.569264
b 1 0.001693
2 0.526226
dtype: float64

AR RS E R AR 2 L
In[35]: try:
data['a':'b']
except KeyError as e:

print(type(e))
print(e)

<class 'KeyError's
'Key length (1) was greater than MultiIndex lexsort depth (0)'

R B GRS BT A BRI, (B[R0 HAE MultiIndex TofFHES L. JRHBEDF
FOVE 2 AL AR LA AR 25K MultiIndex HY& Je R o A Y (BN M L7l A £
Z). ik, Pandas #2447 VF £ (EHE AR 1E 52 B HE 7, 40 sort_index() 1 sortlevel() J5
%o AT B HEY sort_index() J5 iR :

In[36]: data = data.sort_index()

data
Out[36]: char 1int
a 1 0.003001
2 0.164974
b 1 0.001693
2 0.526226
C 1 0.741650
2 0.569264
dtype: float64

Kol 2)a, JRESUIR P AE R B T

In[37]: data['a':'b']

Out[37]: char 1int
a 1 0.003001
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2 0.164974
b 1 0.001693

2 0.526226
dtype: float64

2. &5|stackHunstack
RISCHE R, FRATAT LA — A 20335 SR S a4 sl i B 23K, mTLA IS level &
Bk BT BR.

In[38]: pop.unstack(level=0)

Out[38]: state California New York Texas
year
2000 33871648 18976457 20851820
2010 37253956 19378102 25145561

In[39]: pop.unstack(level=1)

Out[39]: year 2000 2010
state
California 33871648 37253956
New York 18976457 19378102
Texas 20851820 25145561

unstack() && stack() WU HRIE, [RI 8 FX PIRRDS #5 LEECE IR ES AL -

In[40]: pop.unstack().stack()

Out[40]: state year

California 2000 33871648
2010 37253956

New York 2000 18976457
2010 19378102

Texas 2000 20851820
2010 25145561

dtype: int64

3. &IIMEEEEE

2 RO S P T A 1) 55— Fh 5 B AT A AR B i 4, T LGB reset_index J5 kB, AN
RAE R IN DB series H i HIZ s, WIS A —FIRZE L & ZRiTAT 28 5 bR %
state fil year [ DataFrame, o[ UL FHAR Y name J& 144 51]1% B & FR

In[41]: pop_flat = pop.reset_index(name='population')
pop_flat

Out[41]: state year population
0 California 2000 33871648
1 California 2010 37253956
2 New York 2000 18976457
3 New York 2010 19378102
4 Texas 2000 20851820
5 Texas 2010 25145561

PRSP TR S B [ R I 06, n SR REHE 2R LD A A I At i A B8R 1) 91 EL 456 B MultiIndex,
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SEEE B W3, TR LLE o DataFrame 1 set_index J5ESCEL, R [ &E R RS R
W2 49,25 |/ DataFrame;

In[42]: pop_flat.set_index(['state', 'year'])

Out[42]: population
state year

California 2000 33871648

2010 37253956

New York 2000 18976457

2010 19378102

Texas 2000 20851820

2010 25145561

FESKEr, BRIUAX M 5 (975 i B SR AR 47

3.6.5 ZRESINEBIERITHE

RIAIFRATE 2 1t — 2L Pandas H #FEHE 211757, tbanmean(). sum() Fl max(), i
*FBEREDIEE, ATLAR B S level S EHE -0 2iHRE,

FF— IR ARG Bt A 1

In[43]: health_data

Out[43]: subject Bob Guido Sue
type HR Temp HR Temp HR Temp
year visit
2013 1 31.0 38.7 32.0 36.7 35.0 37.2
2 44.0 37.7 50.0 35.0 29.0 36.7
2014 1 30.0 37.4 39.0 37.8 61.0 36.9
2 47.0 37.8 48.0 37.3 51.0 36.5

IRIRFT L A — A TR E, AT 4L level IREHZ S| year:

In[44]: data_mean = health_data.mean(level='year')

data_mean
Out[44]: subject Bob Guido Sue
type HR Temp HR Temp HR Temp
year
2013 37.5 38.2 41.0 35.85 32.0 36.95

2014 38.5 37.6 43.5 37.55 56.0 36.70

AR TR axts 2985, S ATLIOMFIZR S IEAT 2R R THRAE T -

In[45]: data_mean.mean(axis=1, level='type')

Out[45]: type HR Temp
year
2013 36.833333 37.000000
2014 46.000000 37.283333

WX AT, BT AT LRI — 4R B N PP O NS 1o X R i St

A
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GroupBy BIRERUIRFETS 2, FRATIHFAE 3.9 RN 47, R X FU— /MR AR, (HR I
JEEASE R TAEH & B A DL 21

Panel #{iE

iX @A — % Pandas #9 3k KA BAR LM XA A B 2], @4 pd.Panel 2 %= pd.Paneldd
A%, XA AELEM T Ay A AR A (—44a) Series f» (=4 #48) DataFrame
=45 W4 X, de Rk # & Series = DataFrame #9 1% J/| 7 %, #F 4 Panel #e
Paneldd 4 A& RALA/R H %, ix, loc fv iloc %31 & EHFAANLI3 T) Adsik
WBEM LN ELRAZEMR,

ERABHTRITEE—FNBXBARIBES, IAAY S AL EXSHEALT
AREFER, RENESHEHEN X, Hob, Panel RAFEBRBAMA X, 5 A
BRI RRAMHRBABAEN X, A S AROBIBEN, MALEGTEEM, F
EHIEHMEH X XFFB R, ERXEARELEHS—EHTHAE KGR AL R
AR, e R Panel 5 PaneldD ¥ 4B MA £ % 6%, #HA N 314 H,

3.7 HHEUEELE: Concat5Appendif{E

P R B R IR LT A HR SRR b e A B s 2 —, X BRI A [Rl i £ s 2
B b PR, RS TR FEABRERYIERE (join) 5AFF (merge) #RIEAEEH
HEFBEHEE., Series 55 DataFrame #RH A iX J421E, Pandas HYERELS 7 kil Bl &
FEAS Pk ] .,

5K H pd.concat A $LiE R — > Series 5 DataFrame {YfH LA JF41E, 25, TN
Pandas H1SE & J4HY merge F1 Join A7 HLHE & IR 1E.

B4 S A Pandas 1 NumPy

In[1]: import pandas as pd
import numpy as np

RIS, & L —/~REMS Al DataFrame SEREZ AR S, JoTAIKE 2 HIF

In[2]: def make_df(cols, ind):
" AN PR fDataFrame" " "
data = {c: [str(c) + str(i) for i1 in ind]
for ¢ in cols}
return pd.DataFrame(data, ind)

# DataFrame Rfl
make_df('ABC', range(3))

Out[2]: A B C
0 A0 BO CO
1 A1 Bl C1
2 A2 B2 (2
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3.7.1 ENEEM: NumPy#EHE3t

A Jf Series L DataFrame 5 A H NumPy #7 4l 2 A [E, f/mEZF @ L 22 A4 my
np.concatenate PRI R 5K, R ATLARXAN BRSPS B4 A LS & 97— A%,

In[4]: x = [1, 2, 3]
y = [4, 5, 6]
z = [7, 8, 9]

np.concatenate([x, y, z])
Out[4]: array([1, 2, 3, 4, 5, 6, 7, 8, 9])
A BERBE ARSI RS I, BAH A axts BETLIE B A FA 4 brdh
J5 1] :
In[5]: x = [[1, 2],
[3, 41]

np.concatenate([x, x], axis=1)

Out[5]: array([[1, 2, 1, 2],
[3, 4, 3, 41D

3.7.2 J@jidpd.concatLIfFHE S FH

Pandas £i —7> pd.concat() Bi%( 5 np.concatenate (575K, (HEREZHE L, e
LD

# Pandas 0.18kR AV EREL S 44

pd.concat(objs, axis=0, join='outer', join_axes=None, ignore_index=False,
keys=None, levels=None, names=None, verify_integrity=False,
copy=True)

pd.concat() W] L] b A I — 4k Series & DataFrame ¥4, 5 np.concatenate() & Jf
In[6]: serl = pd.Series(['A', 'B', 'C'], index=[1, 2, 3])

ser2 = pd.Series(['D', 'E', 'F'], index=[4, 5, 6])
pd.concat([serl, ser2])

Out[6]:

Mmoo N ®@>

1
2
3
4
5
6
d

type: object

AT DA A I Em 4 5ds, (540 1Y DataFrame:;

In[7]: df1 = make_df('AB', [1, 2])
df2 = make_df('AB', [3, 41)
print(df1); print(df2); print(pd.concat([df1, df2]))
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dfi1 df2 pd.concat([df1, df2])

A B A B A B

1 Al B1 3 A3 B3 1 A1 B1
2 A2 B2 4 A4 B4 2 A2 B2
3 A3 B3

4 A4 B4

HRINE DL T, DataFrame (A AN BATHATHY (BRINIZLE L axis=0), 5 np.concatenate()
—#¥%, pd.concat thR[ULIE A HARARSN, Bil4n T RA7R{E] .
In[8]: df3 = make_df('AB', [0, 1])

df4 = make_df('CD', [0, 1])
print(df3); print(df4); print(pd.concat([df3, df4], axis='col'))

df3 df4 pd.concat([df3, df4], axis='col')
A B C D A B C D
0 A0 BO 0 CO0 DO 0 A0 BO CO DO
1 Al B1 1 C1 D1 1 A1 B1 C1 D1
X AT axis=1, BOR& R, HEM axis="col' SHEEHM,
1. &3|18E

np.concatenate 5 pd.concat i FH )2 5 2 — 5k & Pandas /£ &SRB S|, BIEER
SRR Fan T i AR
In[9]: x = make_df('AB', [0, 1])
y = make_df('AB', [2, 3])

y.index = x.index # & fHlZ5]
print(x); print(y); print(pd.concat([x, y1))

X y pd.concat([x, y])
A B A B A B
0 A0 BO 0 A2 B2 0 A0 BO
1 Al B1 1 A3 B3 1 Al B1
0 A2 B2
1 A3 B3

WRERMERPHRERTEELEN, HESK DataFrame RVFX 4, (HEERAAZIRNTEER,
pd.concat() $EHE T —LLfRHe X AN RN 5 i

(DR RSIEEREIR . R IRIEZERSN pd. concat() &M R P RGHIL T EENER
o], A[LLEE verify_integrity 2%, B2 MK E A True, SN ELERSIEE NS
fi kB, R IB RG] AT CLLEIRA TS W AT EN RS B

In[10]: try:
pd.concat([x, y], verify_integrity=True)

except ValueError as e:
print("ValueError:", e)

ValueError: Indexes have overlapping values: [0, 1]

Q) ZRES|. ARSI EE, LIt el LLZR e, wLLERE 1% E ignore_
index BRI, WMFHSHOXE N True, IBAEIFERTES BIE—AHRIB 5],
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In[11]: print(x); print(y); print(pd.concat([x, y], ignore_index=True))

X y pd.concat([x, y], ignore_index=True)
A B A B A B
0 A0 BO 0 A2 B2 0 A0 BO
1 Al B1 1 A3 B3 1 A1 B1
2 A2 B2
3 A3 B3

G IEMERFRS|. LIRS HEN T k2l keys ZHCAKIRIRBE L HFH 5 hn
B, RAREEREARR S L2 RS

In[12]: print(x); print(y); print(pd.concat([x, y], keys=['x', 'y']))

X y pd.concat([x, y], keys=['x', 'y'])
A B A B A B
0 A0 BO 0 A2 B2 X 0 A0 BO
1 Al B1 1 A3 B3 1 Al B1
y 0 A2 B2
1 A3 B3

A IEIEE RAE 2 R FE DI DataFrame, R[LLHH 3.6 Vidr 2800 5 o f CIE sl 3 T 22
HIFE,
2. Eljoln I EFH
HI TR/ T 23R TR B GIER A — /NSRRI T, IBik & JFY DataFrame B FIFEIFI 4. IfifE
Kbr TAEH, SREAIFRIBEREER A A RIS 4, 1M pd.concat $R [ —LEE IOk fif ke
XRAIER, BT HMA DataFrame, EIAIFI IS HHIE, ZN3ATE2AHIR .

In[13]: df5 = make_df('ABC', [1, 2])

dfé = make_df('BCD', [3, 4])
print(df5); print(dfé6); print(pd.concat([df5, df6])

dfs dfe pd.concat([df5, df6])
A B C B C D A B C D
1 Al B1 (1 3 B3 C3 D3 1 Al B1 C1 NaN
2 A2 B2 (2 4 B4 C4 D4 2 A2 B2 (C2 NaN
3 NaN B3 (3 D3
4 NaN B4 (4 D4

BIMER T, A E B r5PE 2 NaN For, anR A X AE, ATLLH join Il join_
axes ZHX B AH TR, BINWEFFHREX AR AFIH THEEAI (join="outer"),
28R AT LI join="1inner"' SEEA AFIRI R A I

In[14]: print(df5); print(dfe);
print(pd.concat([df5, df6], join='inner'))

dfs dfe pd.concat([df5, df6], join='inner')
A B C B C D B C
1 A1 B1 (1 3 B3 C3 D3 1 B1 C1
2 A2 B2 (2 4 B4 C4 D4 2 B2 C2
3 B3 (3
4 B4 (4
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BRI A HEE S R RIS 4, B join_axes 4, HLHRE S DM RAYHKL
HIgE GRAIERIIFIR) . N HERGIFUR, SEERIITIABE D E ARG 4

In[15]: print(df5); print(df6);
print(pd.concat([df5, df6], join_axes=[df5.columns]))

dfs dfe pd.concat([df5, df6], join_axes=[df5.columns])
A B C B C D A B C
1 A1l B1 C1 3 B3 C3 D3 1 Al Bl1 (1
2 A2 B2 (2 4 B4 C4 D4 2 A2 B2 (2
3 NaN B3 (3
4 NaN B4 (4

pd.concat A F-TRE AT AT 2 REE AR A SR BRI 2350k, RERHE IS ER — A,
3. append () FFi&

R oh BB AR R AR # X 3 , FTLA Series i1 DataFrame Xt 4 #B 3% #F append 77
h, 1ERE DI S I A FRBhEE. Bil4n, VRATLAfE H dfl.append(df2), H 5
pd.concat([df1, df2]) —#%.

In[16]: print(df1); print(df2); print(dfi.append(df2))

df1 df2 df1.append(df2)
A B A B A B
1 Al B1 3 A3 B3 1 Al B1
2 A2 B2 4 A4 B4 2 A2 B2
3 A3 B3
4 A4 B4

FHEERENR, 5 Python 51 append() 1 extend() J5#E:AN[E, Pandas [ append() A~
BIEEERRAXRE, A A& e R G — R, Bk, EARERIRZ A —
ANEE m R %, FEABR A R R E R AR5 B, S22, AR IRE
i1 24 append #1E, @ RHEISEOIE - DataFrame 7I|3%, X5 H concat() A% —k
PEfRR TR & HAES .

T 4 5 — R Ih RE SRR R B & 5 i —— 2R R R BtE & 0, (£ pd.merge
B, %TF concat() 5 append() FIE £15 8., iE2 7% Pandas C#4H “Merge, Join, and
Concatenate” (http://pandas.pydata.org/pandas-docs/stable/merging.html) 7,

3.8 SHMEE: GHIEE

Pandas ME AR 7 — st & m EREMI N A AN BIR EHE: (join) 5AH (merge) #1E. 4
PRA R B2, B3 X R4 /E—E R #&, Pandas 4 M 4& pd.merge %K,
THELERATE T — R F A 22 e R

3.8.1 XENRH

pd.merge() SLHLAIThRER TR B KEL (relational algebra) WI—4r, & A MREE ML
ZAVECHE A FHER S, 4o koot ZE v mT FHERERRUA B h B s e Al S R A5 i1k
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HIBRR ZAAE T, BRI AR T AR ERI 2 At rT DA R o &
FRARANE . A B FE B A R P B O v S SR LR R AR VR RN, PR PT LS B VF 2 AR
HIRAIIRAE.

Pandas {E pd.merge() A% 5 Series Fl DataFrame [ join() 75 B SCER T ik S AR VEHN
W, 1A R An AT FH i S 7 B AR 2 A (R B IR A

3.8.2 HRBIEERZEER

pd.merge() FRECZIN T = FhEOIEEZAIRE, —X—. BX—MNMBXH L., X =Rz
RAERE T pd.merge() HOMHATIEA, MIEAREISEZE T RIETAREERE, Tk
JHit— RGBSR R =R, R —B A B L g,

1. —X—i&#E

— XA R R AR A& A T, 5 3.7 A BRIRGE o . an NI
SRR, BWRAEEE—AE B LAEE ERY DataFrame.

In[2]:
df1l = pd.DataFrame({'employee': ['Bob', 'Jake', 'Lisa', 'Sue'],
'group': ['Accounting', 'Engineering', 'Engineering', 'HR']})
df2 = pd.DataFrame({'employee': ['Lisa', 'Bob', 'Jake', 'Sue'],
"hire_date': [2004, 2008, 2012, 2014]})
print(df1l); print(df2)

df1 df2

employee group employee hire_date
0 Bob  Accounting 0 Lisa 2004
1 Jake Engineering 1 Bob 2008
2 Lisa Engineering 2 Jake 2012
3 Sue HR 3 Sue 2014

FARBX S DataFrame & H:pk—/]~ DataFrame, LI pd.merge() BRELSCHEL .
In[3]: df3 = pd.merge(df1, df2)

df3
Out[3]: employee group hire_date
0 Bob  Accounting 2008
1 Jake Engineering 2012
2 Lisa Engineering 2004
3 Sue HR 2014

pd.merge() J5 {45 K BLMi A DataFrame #8345 “employee” %1, Ff25 HhLAX FIE A EEdEAT
. B A HREE R & — /> B DataFrame, FEEEEAE, HEFIAINLE /LR
A=, BlATEXA BT, EREK df1 5 df2 f1 “employee” FI|HUAL B & A —FERY, {H
& pd.merge() BRELS EHICELX RIS, BIMEFEEIEZNIE, pd.nerge() SEINEFIH
RFTEE], A mATLA R E S (BEIES 0 3.83 7).

2. ZIF—iEE

SR, EREEBNWAYIR, A-FIEARER., Wik 20— BRE L
W DataFrame BB EEE, 1A FEAET-:

A
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In[4]: df4 = pd.DataFrame({'group': ['Accounting', 'Engineering', 'HR'],
'supervisor': ['Carly', 'Guido', 'Steve']})
print(df3); print(df4); print(pd.merge(df3, df4))

df3
employee
0 Bob
1 Jake
2 Lisa
3 Sue

group hire_date

Accounting
Engineering
Engineering

HR

pd.merge(df3, df4)

employee
0 Bob
1 Jake
2 Lisa
3 Sue

group
Accounting
Engineering
Engineering
HR

hire_

2008
2012
2004
2014

date
2008
2012
2004
2014

df4

0 Acc
1 Engi
2

supervisor
Carly
Guido
Guido
Steve

group supervisor

ounting Carly
neering Guido
HR Steve

TELE R DataFrame Fi £ T —/~ “supervisor” %I, HLifif Le{E 25 IR Ak A BCHE % B3 2

HEA.
3. ZXFiEE

2 LR A RILE RIS, A WA DA AR, andR/e A5 W A A B3t [R] 1T AL &
EEIE, AGIFRIEERE—Fh 2 L8, AUl REURATREE RS M. KE
THRIET, HiiA—/ DataFrame B R AR b i\ B —Fhak £ Ffi

It SR LB, AT AR A Bl TRT A IRE D «

In[5]: df5 = pd.DataFrame({'group': ['Accounting', 'Accounting',

'Enginee

ring', 'Engineering', 'HR', 'HR'],

'skills': ['math', 'spreadsheets', 'coding', 'linux',

'spread

sheets', 'organization']})

print(df1); print(df5); print(pd.merge(dfi, df5))

df1
employee
0 Bob
1 Jake
2 Lisa
3 Sue

group
Accounting
Engineering
Engineering
HR

pd.merge(df1, df5)

employee
Bob

Bob

Jake
Jake
Lisa
Lisa

Sue

Sue

N U A WNRER O

group
Accounting
Accounting
Engineering
Engineering
Engineering
Engineering
HR

HR

dfs
group
0 Accounting
1  Accounting
2 Engineering
3 Engineering
4 HR
5 HR
skills
math
spreadsheets
coding
linux
coding
Tinux
spreadsheets
organization

skills

math
spreadsheets
coding

1inux
spreadsheets
organization
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X R R 2 R W DL 4 5 H fth Pandas T LA A FH, AT ST EL & R & AR I
fig. 1HR TR E IR EAA TG RB R EUREIR A T8, 555, Tt kN2
pd.merge() FI—LEINRE, BATR LALEVRSE 4 3b o7 %t Sk P i 482 v A 1] R

3.8.3 FEIIESFHHE

FM1EL Wit pd.merge() MERINAT A AR AN — /82 FRFIE S BT &
o AHLH TR A ZEILFE EEA R L0, K pd.merge() $&4E T —L 2400 B
XA A,

1. SR iE

Hoe (] LN 7 Bt B B8 on IR B A — RN A TR R B — RS L2 YA FRINFZ .

In[6]: print(dfl); print(df2); print(pd.merge(dfi, df2, on='employee'))

df1 df2

employee group employee hire_date
0 Bob  Accounting 0 Lisa 2004
1 Jake Engineering 1 Bob 2008
2 Lisa Engineering 2 Jake 2012
3 Sue HR 3 Sue 2014

pd.merge(df1, df2, on='employee')

employee group hire_date
0 Bob  Accounting 2008
1 Jake Engineering 2012
2 Lisa Engineering 2004
3 Sue HR 2014

EAZHUAREAEM > DataFrame A5 3L [R] 71] &4 U oA wT LA
2. left_on5right_on&#f
B R TFEA A I A E R EIEE, Flanaime i LEERP A N TFERAE
“employee” i “name”, fEXFIEH T, wErl LAH left_on 1 right_on 2HUk &
E

In[7]:

df3 = pd.DataFrame({'name': ['Bob', 'Jake', 'Lisa', 'Sue'],

'salary': [70000, 80000, 120000, 90000]})

print(df1); print(df3);
print(pd.merge(df1, df3, left_on="employee", right_on="name"))

df1 df3

employee group name salary
0 Bob  Accounting 0 Bob 70000
1 Jake Engineering 1 Jake 80000
2 Lisa Engineering 2 Lisa 120000
3 Sue HR 3 Sue 950000

pd.merge(df1, df3, left_on="employee", right_on="name"
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employee
0 Bob
1 Jake
2 Lisa
3 Sue

R R P A — 2 RA95, ATLGE

pd.merge(df1, df3, left_on="employee", right_on="name").drop('name', axis=1)

group name s

Accounting Bob

Engineering Jake

Engineering Lisa 1
HR  Sue

In[8]:

Out[8]: employee group
0 Bob  Accounting
1 Jake Engineering
2 Lisa Engineering
3 Sue HR

3. left_index5right_ indexéiiﬂ
RATREE T E AL, WG TG T A BRI .

B T &35 25,

In[9]: dfla = dfl.set_index('emp
df2a = df2.set_index('emp
print(dfia); print(df2a)

dfila df2a

group

employee emp

Bob Accounting Lis

Jake Engineering Bob

Lisa Engineering Jak

Sue HR Sue

PRI LA
BLA T
In[10]:
print(dfia); print(df2a);

alary
70000
80000
20000
90000

salary
70000
80000
120000
90000

loyee')
loyee')

loyee
a

e

it DataFrame {4 drop() 75 E:KHix

hire_date

2004
2008
2012
2014

(PSS CE

print(pd.merge(dfla, df2a, left_index=True, right_index=True))

dfi1a

employee
Bob

Jake
Lisa

Sue

pd.merge(dfla, df2a, left_index=True, right_index=True)

employee
Lisa

Bob

Jake

Sue

df2a

group
emp
Accounting Lis
Engineering Bob
Engineering Jak
HR Sue

group hire_dat
Engineering 2004
Accounting 2008
Engineering 2012
HR 2014

loyee
a

e

e

hire_date

2004
2008
2012
2014

it 1% B pd.merge() HiffJ left_index F1/ 8¢ right_index ZH ¥ 235 11% B AL

Pandas# R A 18
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T HE%)E, DataFrame SKHL 1 join() J5ik, BRI LAZ MRS I TEIE A

In[11]: print(dfia); print(df2a); print(dfla.join(df2a))

dfia df2a

group hire_date
employee employee
Bob Accounting Lisa 2004
Jake Engineering Bob 2008
Lisa Engineering Jake 2012
Sue HR Sue 2014

dfia.join(df2a)
group hire_date

employee

Bob Accounting 2008
Jake Engineering 2012
Lisa Engineering 2004
Sue HR 2014

MR RS S5FRAFER, WA LLEAESE A left_index 5 right_on, #(EH 454 left_
on 5 right_index =28y .
In[12]:

print(dfia); print(df3);
print(pd.merge(dfia, df3, left_index=True, right_on='name'))

dfia df3

group
employee name salary
Bob Accounting 0 Bob 70000
Jake Engineering 1 Jake 80000
Lisa Engineering 2 Lisa 120000
Sue HR 3  Sue 90000

pd.merge(dfla, df3, left_index=True, right_on='name')
group name salary

0 Accounting Bob 70000

1 Engineering Jake 80000

2 Engineering Lisa 120000

3 HR Sue 90000

MR, RESHATEH T2 AR/ 2454, wEdEndEEE R, 28 T f# Pandas
BAE S HNIE 215 8., 152 7% Pandas 3CRYH “Merge, Join, and Concatenate” (http://pandas.
pydata.org/pandas-docs/stable/merging.html) 7,

3.8.4 HEIHIEEENESHEESRN
W RTEr G, AR HERIER— A EELM . AR, Y— M EHBEE
—H, HEE NS, SEEZEEAERIENNT ., REER FRIHGIT:

A
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In[13]: df6 = pd.DataFrame({'name': ['Peter', 'Paul', 'Mary'],
'food': ['fish', 'beans', 'bread'l]},
columns=[ 'name', 'food'])
pd.DataFrame({'name': ['Mary', 'Joseph'],
'drink': ['wine', 'beer']},
columns=['name', 'drink'])
print(df6); print(df7); print(pd.merge(dfé, df7))

df7

dfeé df7 pd.merge(df6, df7)

name food name drink name food drink
0 Peter fish 0 Mary wine © Mary bread wine
1 Paul beans 1 Joseph beer

2 Mary bread
BEHAEARE, £ “name” Fh HE A ILFEIRE: Mary, BRIMERT, &R0 H
SEEWNMAEASIIZE, XMERT PR MZERE (inner join), FATATLLH how 2
K EE T, EIMAA "tnner':

In[14]: pd.merge(df6, df7, how='inner')

Out[14]: name food drink
0 Mary bread wine

how 2% T R 4% 5 08 'outer' | 'left' Fll 'right', 4PEHE (outer join) X [H]
A FRIATIZE S, BT R AE AT NaN HEH5E

In[15]: print(df6); print(df7); print(pd.merge(df6, df7, how='outer'))

dfeé df7 pd.merge(df6, df7, how='outer')
name food name drink name food drink
® Peter fish 0 Mary wine 0 Peter fish NaN
1 Paul beans 1 Joseph beer 1 Paul beans NaN
2 Mary bread 2 Mary bread wine
3  Joseph NaN beer

EiE#E (leftjoin) FIHERE (rightjoin) R BIFIEE RS BIREE LA, 40 FHIR:
In[16]: print(df6); print(df7); print(pd.merge(df6, df7, how='left'))

dfeé df7 pd.merge(df6, df7, how='left')
name  food name drink name food drink

® Peter fish 0 Mary wine 0 Peter fish NaN

1 Paul beans 1 Joseph beer 1 Paul beans NaN

2 Mary bread 2 Mary bread wine

BLAEs AT RS D M A ST E. AR how="right' Y%, HithAofr IR & 4
WEASIHIIE.

X VU R B R SR A R VERLIAR T UL E 4 B2 T i/ 280 R 28

3.8.5 FEFZ: suffixesS#
<, PRAHES B RPN A DataFrame 5 B AFIAE N, KEE T @AIFT-.

o
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I

d

0
1
2
3

n[17]: df8 = pd.DataFrame({'name':
'rank':
df9 = pd.DataFrame({'name':
'rank':
f8 df9
name rank name rank
Bob 1 0 Bob 3
Jake 2 1 Jake 1
Lisa 3 2 Lisa 4
Sue 4 3  Sue 2

['Bob',
[1, 2, 3, 41})
['Bob',
[3, 1, 4, 21})

print(df8); print(df9); print(pd.merge(df8, df9, on="name"))

'Jake', 'Lisa', 'Sue'],

'Jake', 'Lisa', 'Sue'l],

pd.merge(df8, df9, on="name"

0
1
2
3

name
Bob
Jake
Lisa
Sue

rank_x rank_y

1 3
2 1
3 4
4 2

T HH 45 %¢ﬁﬁAEEMW% [t pd.merge() ERELS B BN BEIMESR _x & _y,

AR T LA suffixes 5 H & LIREE 4
In[18]:
print(df8); print(df9);
print(pd.merge(df8, df9, on="name", suffixes=["_L", "_R"]))
df8 df9
name rank name rank
0 Bob 1 0 Bob 3
1 Jake 2 1 Jake 1
2 Lisa 3 2 Lisa 4
3 Sue 4 3  Sue 2

pd.merge(df8, df9, on="name", suffixes=["_L",

0
1
2
3

name rank_L rank_R

Bob 1 3
Jake 2 1
Lisa 3 4

Sue 4 2

"R'D)

suffixes ZHRIMEE I HEMER T, BIEA =R =AU EWEE A RAEE

KTFRARBEELZEL, TES W 3.9, B 2 REGHET TEIMRAINE. Bk,
B H L2 % Pandas A4 “Merge, Join, and Concatenate” (http:/pandas.pydata.org/pandas-

—He

docs/stable/merging.html) 5,

6 Xfl: EEFMGEITEE

3.8.

B &0t i

A AR R R B i D576 i 38 &N ge - B ok

BT —/NEoR, TE 3 https://github.com/jakevdp/data-USstates/ T 2 :

I

#
#
#
#
#
#
#

n[19]:
T T A she LU B

lcurl -0 https://raw.githubusercontent.com/jakevdp/
data-USstates/master/state-population.csv

tcurl -0 https://raw.githubusercontent.com/jakevdp/
data-USstates/master/state-areas.csv

tcurl -0 https://raw.githubusercontent.com/jakevdp/
data-USstates/master/state-abbrevs.csv
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JH Pandas 4 read_csv() B RIX = R4

In[20]: pop = pd.read_csv('state-population.csv')
areas = pd.read_csv('state-areas.csv')
abbrevs = pd.read_csv('state-abbrevs.csv')

print(pop.head()); print(areas.head()); print(abbrevs.head())

pop.head() areas.head()
state/region ages year population state area (sq. mi)
0 AL under18 2012 1117489.0 0 Alabama 52423
1 AL total 2012 4817528.0 1 Alaska 656425
2 AL under18 2010 1130966.0 2 Arizona 114006
3 AL total 2010 4785570.0 3 Arkansas 53182
4 AL under18 2011 1125763.0 3 Arkansas 53182
4 California 163707

abbrevs.head()
state abbreviation

0 Alabama AL
1 Alaska AK
2 Arizona AZ
3 Arkansas AR
4 California CA

%l_l_lkbﬁlﬁz}a, FATRZ R — A AR AR EEE NN DB, B
FICAE G o TR R FAR G R, (X IR R S HoR R DL iX A R

HRMA—AZX—E&IHRIMA D (pop) DataFrame Hi 4 JH & FREE S b BLHY 2 FR, FRA 17522
% pop [ state/region %I| 5 abbrevs [{] abbreviation %l|iEfT4 3, BFEZE L how="outer’
WROREHE A Rk .
In[21]: merged = pd.merge(pop, abbrevs, how='outer',
left_on='state/region', right_on='abbreviation')

merged = merged.drop('abbreviation', 1) # EFHE[EE
merged.head()

Out[21]: state/region ages year population state
0 AL under18 2012 1117489.0 Alabama
1 AL total 2012 4817528.0 Alabama
2 AL under18 2010 1130966.0 Alabama
3 AL total 2010 4785570.0 Alabama
4 AL under18 2011 1125763.0 Alabama

KA — MR S A R, AT DO BB AT A A AR

In[22]: merged.isnull().any()

Out[22]: state/region False

ages False
year False
population True
state True
dtype: bool
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4> population fE:MRIME, 1EFRAUTFEBIBLLHE |

In[23]: merged[merged['population'].isnull()].head()

Out[23]: state/region ages year population state
2448 PR under18 1990 NaN  NaN
2449 PR total 1990 NaN NaN
2450 PR total 1991 NaN NaN
2451 PR under18 1991 NaN NaN
2452 PR total 1993 NaN NaN

TGP I PR AEEHBLLE 2000 4B 2 BifUIE 2324 2, ARSI 2 R &M,
WHEEAE, RITERI LM iRt A igk, TRt T 2N 5 3A ILh L4
Fe ! REBTTEAWA NGl

In[24]: merged.loc[merged['state'].isnull(), 'state/region'].unique()

Out[24]: array(['PR', 'USA'], dtype=object)
BATRTDAPe s e ix A Al N AR R &K £ % (PR) faE 85 (USA), fHix
PRI A HELAE M AR GE B R . R PR TE 0 B 2R «

In[25]: merged.loc[merged['state/region'] == 'PR', 'state'] = 'Puerto Rico'
merged.loc[merged[ 'state/region'] == 'USA', 'state'] = 'United States'
merged.isnull().any()

Out[25]: state/region False

ages False
year False
population True
state False
dtype: bool

HUTE state SV ABRARIE T, E{RA]
TEFATHZRAL A H NP AR B A F ik . RPN EE LRI state FIR A FF

In[26]: final = pd.merge(merged, areas, on='state', how='left')
final.head()

Out[26]: state/region ages year population state area (sq. mi)
0 AL under18 2012 1117489.0 Alabama 52423.0
1 AL total 2012 4817528.0 Alabama 52423.0
2 AL under18 2010 1130966.0 Alabama 52423.0
3 AL total 2010 4785570.0 Alabama 52423.0
4 AL under18 2011 1125763.0 Alabama 52423.0

FHGA—THE, BARWLIEAE, BA T L.

In[27]: final.isnull().any()

Out[27]: state/region False
ages False

{f 2: Puerto Rico, HTTMARNEEMIE 5141, 2017 4 6 A IIRAFE AR, —FHI

A
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year False

population True
state False
area (sq. mi) True
dtype: bool

TR area FI| FLALS A BAE . R A IETEAEMBLE b DX ThI ARk % «

In[28]: final['state'][final['area (sq. mi)'].isnull()].unique()
Out[28]: array(['United States'], dtype=object)

BRI A (areas) DataFrame B A E 436 E AV HAESE ., wTEA A £ E &R
i O &M ASRANEN AT ), (R A RE], FRATEIPXAGRIME, B ALEMA D
BRI TR B,

In[29]: final.dropna(inplace=True)
final.head()

Out[29]: state/region ages year population state area (sq. mi)
0 AL under18 2012 1117489.0 Alabama 52423.0
1 AL total 2012 4817528.0 Alabama 52423.0
2 AL under18 2010 1130966.0 Alabama 52423.0
3 AL total 2010 4785570.0 Alabama 52423.0
4 AL under18 2011 1125763.0 Alabama 52423.0

WAEFT A IR 4T T A T ek IR AT A ()8, Sk £ 2000 iﬁﬁ’a%%l-lkﬂuﬁ,u}\
P, iEF0TH query() B THEE R GXFEZEHZ numexpr B2 FE, HIETES
3.137) .

In[30]: data2010 = final.query("year == 2010 & ages == 'total'")
data2010.head()
Out[30]: state/region ages year population state area (sq. mi)
3 AL total 2010 4785570.0 Alabama 52423.0
91 AK total 2010 713868.0 Alaska 656425.0
101 AZ total 2010 6408790.0 Arizona 114006.0
189 AR total 2010 2922280.0 Arkansas 53182.0
197 CA total 2010 37333601.0 California 163707.0
AR RN OB IR P HES ], e ol EE, RIEHITRSR.

In[31]: data2010.set_index('state', inplace=True)
density = data2010[ 'population'] / data2010['area (sq. mi)']

In[32]: density.sort_values(ascending=False, inplace=True)
density.head()

Out[32]: state
District of Columbia 8898.897059

Puerto Rico 1058.665149
New Jersey 1009.253268
Rhode Island 681.339159
Connecticut 645.600649

dtype: float64
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TRELAE R B E & NN AR R X (Washington, DC) . ik 2 B2 & 7F 2010 4E I A 1155 i
HeEF, DA N /D5 e oy, FRATT R BN O 55 i f v O o X 6 R e X A RS LL Al
H[X. (the District of Columbia), fE&JIMAINDZEES, FEEPEM (New Jersey) &fmHY,
WA LG R N D2 B B ARE LA M A5 -

In[33]: density.tail()

Out[33]: state
South Dakota 10.583512

North Dakota 9.537565
Montana 6.736171
Wyoming 5.768079
Alaska 1.087509

dtype: float64
AUVEH, N A ERARIIMERTHTmM (Alaska), WIKGEE 15N /F55HE,

AT SE S RO B R ok [ U, & T IX SRRV RS o0 W WAIMESS . A 2aX A
LT DS R AL R A28 ) TR AR, I fE RS R B A & % |

3.9 Eit544H

FESF BRI BRI AT o Wit — TR AR 1 TRk A A 20 888 214 (summarization) : it
HE (aggregation) bR, 0 sum(). mean(), median(), min() i max(), Hf—/ 47
FREBEBL T REBUREMFAE, X —1rp, A TREZ Pandas 19 R 1TThEE, MLaiHE
NumPy B2 A i fi i, F5EF groupby LI 4,

3.9.1 1TEHE
FeAi 1B it Seaborn 2% % (http://seaborn.pydata.org, PEEIEZ W 4.16 1) JH— 17 E5
kAT R, Hoh & RSCFEZWMEI R B et i T R EdE GRF R A KPR
SMTEREOMTE) . TEEIE LA ET Seaborn 3L
In[2]: import seaborn as sns
planets = sns.load_dataset('planets')
planets.shape

Out[2]: (1035, 6)

In[3]: planets.head()

Out[3]: method number orbital_period mass distance year
0 Radial Velocity 1 269.300 7.10 77.40 2006
1 Radial Velocity 1 874.774 2.21 56.95 2008
2 Radial Velocity 1 763.000 2.60 19.84 2011
3 Radial Velocity 1 326.030 19.40 110.62 2007
4 Radial Velocity 1 516.220 10.50 119.47 2009

BAn s THEE 2014 ECBCRIIN— T 2 BOMT 2RISR
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3.9.2 PandasHIEEEiTIhEE

ZHIBA it NumPy B ) —2e8diE Zit4ehs (EETE S 24 95) . 5—4E NumPy %
ZH#H[R], Pandas i Series fJE it A% iR Bl —AGritE

In[4]: rng =
ser =
ser

out[4]: @  0.374540
1 0.950714
2 0.731994
3 0.598658
4 0.156019
dtype: float6

In[5]: ser.sum()
Out[5]: 2.81192549170
In[6]: ser.mean()

Out[6]: 0.56238509834

4

81569

163142

np.random.RandomState(42)
pd.Series(rng.rand(5))

DataFrame [) 21| BB EINFH T THE LT

In[7]: df = pd.DataFrame({'A': rng.rand(5),

df

Out[7]: A
0.155995
0.058084
0.866176
0.601115
0.708073

A wWwNERL O

In[8]: df.mean()

Out[8]: A 0.477888
B 0.443420
dtype: floaté

B

B
0.020584
0.969910
0.832443
0.212339
0.181825

4

rng.rand(5)})

BE axis B8, Rkl LA T A T4 T -

In[9]: df.mean(axis='columns')

Out[9]: O 0.088290
1 0.513997
2 0.849309
3 0.406727
4 0.444949
d

type: floaté

4

Pandas [ Series fll DataFrame X FFAr A 2.4 AT H AT EE., B, &F -1k
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H I3 {EH) describe() J5 ik Al LA —FIA0E T HGEHHE. 1EIRAEST &R BikT—
T, BREFARKMENT.

In[10]: planets.dropna().describe()

Out[10]: number orbital_period mass distance year
count 498.00000 498.000000 498.000000 498.000000 498.000000
mean 1.73494 835.778671 2.509320 52.068213 2007.377510
std 1.17572 1469.128259 3.636274 46.596041 4.167284
min 1.00000 1.328300 0.003600 1.350000 1989.000000
25% 1.00000 38.272250 0.212500  24.497500 2005.000000
50% 1.00000 357.000000 1.245000 39.940000 2009.000000
75% 2.00000 999.600000 2.867500  59.332500 2011.000000
max 6.00000 17337.500000 25.000000 354.000000 2014.000000

XA — PR AR SR P A e R A 5 Tk AN, ARGy year FIFRTLLAH, 1989
FEEREIIMTE, MH—ERE5IMT REEAE 2010 £ R LAGHIE G # 2 I, X E
i T ES IR il BO B e A BRI A A I i A 7 R R 2 T

Pandas N & 19— 28 21753403k 3-3 o,
#3-3: PandasfRit75/A

i<t iR

count() T

first(). last() BT e — I

mean(), median() WE 5 g

min(), max() F/MESRKE

std(), var() PrifE2E 575 7%

mad() E 5 2= (mean absolute deviation)
prod() B T e AR

sum() B A TR A

DataFrame 1 Series ¥ & XL FArA ik,

{EE IR AP AREAE, (RS R TR B N B . Bds F TH T — 2315 groupby
BfE, ErTLALIRDGE ., AR TR % 2R B THA.

3.9.3 GroupBy: 48|, AMAS

fai By 2T R LALE R AT BB A — D BSEMIAR, R RMNEF BT TN LR %
WS IR T Bk obr, Xk S groupby T, B “4r4l” (group by) XA~
ZtEH SQL £k EiE S a4, [BHEASIH AW R 155 frame 1Y Hadley Wickham
LS ATREE Al 478 (split). KA (apply) FIZH& (combine),

1. 578, NAMEES

— A2y — B — ARV R BIE 3-1 For, Hih “apply” B —A RANeR %L,
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E 3-1 {EMribdiiA T GroupBy Uit 2,

o S EIZBTEF DataFrame 32 MR35 T AU FH 4 B BCE T4,

o DA N R, B AR BT, H i B RS,
o Y ABBHE—HIEFA IR — B

5YE|
2
key |data i
key |data
BN A1l |—» ale
key | data /' Al 4 \
HE
A1
key |data
B2 key |data
key |data Al
C|3|]—»|B|2]|—>» >
B|7 B |7
Al4 B |5
|9
B|5
(N \\\\\\‘ key |data /////)'
key |data
C|3 |—»
cl9
(I

3-1: groupby IRIERO#LITAE

BARTATL AT Ll o 5T A 280 — RPN HERD . B 54 IR ER S, (LR iNE e
SEEEAFTEEXMBEHRX Ao EZE, MH GroupBy (£%) HEE 4T,
ERTCATF R AN, 9ME. 1. B/ MEDA R H At Z1HE, GroupBy [ A g A2 5 ix £k
BRI TS . HPATFEAEE B, REERERER— B 1.
FH Pandas #£47& 3-1 Froriy HHRAEAHARRG], M EIE S A DataFrame FF45

In[11]: df = pd.DataFrame({'key': ['A', 'B', 'C', 'A', 'B', 'C'],

'data': range(6)}, columns=['key', 'data'])
df

Out[11]: key data

unh WN PO
N >N W
vk WN PR O

FA1 AT L DataFrame [14 groupby () J5 it 4720k 2 80H Wil — B H - HAH#E, ¥
FHE A RIY 415 32BN AT

In[12]: df.groupby('key")

Out[12]: <pandas.core.groupby.DataFrameGroupBy object at 0x117272160>
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PR BN, X EAR E{E A& — DataFrame %14, |fii&—/" DataFrameGroupBy %42 ,
XA RIIBE DAET, VRATLAR B R B — Rk AR DataFrame, HLIHIRREE # T4
Bin, AHRA/EBA MR EBCZ A SR, XA “MERHR” (lazy evaluation) I
PAEAR R 2 BOE W B R AT LG ek — Rt P = LB W (RSB A 17
1E) FRAR E St

TR AER, ATLOH DataFrameGroupBy X G i I 32 T ek B, 2% 52 BURH B2 2 /
A BRI G R

In[13]: df.groupby('key"').sum()

Out[13]: data
key
A 3
B 5
C 7

sum() R o] i g—4~, YRAI LI Pandas 8¢ NumPy FUE & —Fh B it id,
Al LA B A 2 DataFrame X4, THEA T,

2. GroupByXtHR
GroupBy X5 & —Fhdp i RIGHHI R KA, EREZE =T, RATLLK 2F JAE DataFrame
HISES, TEIC MUY, LRI VAT B EE et — L5,

GroupBy H i IR E Al fEik /& aggregate. filter, transform Fiapply (Zif. itig. #4
i, SH) T, JESCREM T X SENE, BRSO AT 43 —LE GroupBy YIEARAE T ;.

(1)#25|EU{E, GroupBy X} 4 5 DataFrame —#%, W& Fr#ed|BUE, FFiR Bl — & skl iy
GroupBy XI5, ffl4n.:

In[14]: planets.groupby('method')
Out[14]: <pandas.core.groupby.DataFrameGroupBy object at 0x1172727b8>
In[15]: planets.groupby('method')['orbital_period']

Out[15]: <pandas.core.groupby.SeriesGroupBy object at 0x117272da0>

X B M JE SR DataFrame FHEUIEAFI & E A —A> Series 2, 5 GroupBy # & —#E, HEF|
Bliisfr Zitea%, ASHFHHTHE.:
In[16]: planets.groupby('method')['orbital_period'].median()

Out[16]: method

Astrometry 631.180000
Eclipse Timing Variations 4343.500000
Imaging 27500.000000
Microlensing 3300.000000
Orbital Brightness Modulation 0.342887
Pulsar Timing 66.541900
Pulsation Timing Variations 1170.000000
Radial Velocity 360.200000
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Transit 5.714932
Transit Timing Variations 57.011000
Name: orbital_period, dtype: float64

XFEREE AT DRI ANE G 8 PR T AR (R HR) g,
(2) 3REBE . GroupBy FF G i HAEFRAH AT, IR B —LHAD 2 Series B DataFrame;

In[17]: for (method, group) in planets.groupby('method'):
print("{0:30s} shape={1}".format(method, group.shape))

Astrometry shape=(2, 6)
Eclipse Timing Variations shape=(9, 6)
Imaging shape=(38, 6)
Microlensing shape=(23, 6)
Orbital Brightness Modulation shape=(3, 6)
Pulsar Timing shape=(5, 6)
Pulsation Timing Variations shape=(1, 6)
Radial Velocity shape=(553, 6)
Transit shape=(397, 6)
Transit Timing Variations shape=(4, 6)

RUEE B N E R apply Bhiged B He, (HX Fph 2FE - 2h b PR 508 [a) BN o
FH, FREESHEMTE,

Q)M A E. 5B Python kY /) (@classmethod), w] LALEAE{A[ N B GroupBy %} 4 3%
SCHL G 7 B B4 —4H., JCiBs2 DataFrame if & Series Xt REBFEIFEE M., 40,
YRATLLM DataFrame [ describe() Jyikidtft 2it, It —dHBdEETMR S

In[18]: planets.groupby('method')['year'].describe().unstack()

Out[18]:
count mean std min 25% \\

method
Astrometry 2.0 2011.500000 2.121320 2010.0 2010.75
Eclipse Timing Variations 9.0 2010.000000 1.414214 2008.0 2009.00
Imaging 38.0 2009.131579 2.781901 2004.0 2008.00
Microlensing 23.0 2009.782609 2.859697 2004.0 2008.00
Orbital Brightness Modulation 3.0 2011.666667 1.154701 2011.0 2011.00
Pulsar Timing 5.0 1998.400000 8.384510 1992.0 1992.00
Pulsation Timing Variations 1.0 2007.000000 NaN 2007.0 2007.00
Radial Velocity 553.0 2007.518987 4.249052 1989.0 2005.00
Transit 397.0 2011.236776 2.077867 2002.0 2010.00
Transit Timing Variations 4.0 2012.500000 1.290994 2011.0 2011.75

50% 75% max
method
Astrometry 2011.5 2012.25 2013.0
Eclipse Timing Variations 2010.0 2011.00 2012.0
Imaging 2009.0 2011.00 2013.0
Microlensing 2010.0 2012.00 2013.0
Orbital Brightness Modulation 2011.0 2012.00 2013.0
Pulsar Timing 1994.0 2003.00 2011.0
Pulsation Timing Variations 2007.0 2007.00 2007.0
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Radial Velocity 2009.0 2011.00 2014.0
Transit 2012.0 2013.00 2014.0
Transit Timing Variations 2012.5 2013.25 2014.0

X5k R W LR B 3 AT St A R ZI IR, 4k £ 07 A AT &l i Radial Velocity
F0 Transit 5 #E &R, W HGE L TEARBOREE R (1925 T8, ERmhY 2T
%), FHTAY Transit Timing Variation F11 Orbital Brightness Modulation J5#:1E 2011 4.2
Ja A AR REL,

X Hog N Pandas A HiEMIRGl 2 —. HkE S A EAEE L, REERH
GroupBy 4 & J5iR [al, B4, {L7 DataFrame / Series [V 754l I UL GroupBy J5 51 F,
NGRS R b N OE

3. &it. iR, Hiin A

AR R R E SN A THAEME, (R FTF 2 BIEEA NS, LI GroupBy Xt
S i) aggregate(), filter(), transform() Flapply() Jjiki, fEBEA & ZATSLI T K&
R E

T IR SRR N AR, T fiX > DataFrame.

In[19]: rng = np.random.RandomState(0)
df = pd.DataFrame({'key': ['A', 'B', 'C', 'A', 'B', 'C'],
'datal': range(6),
'data2': rng.randint(0, 10, 6)},
columns = ['key', 'datal', 'data2'])
df

Out[19]: key datal data2
A 0

b WN PO
N ®™>N W
u b WN
O NWwowum

(D Bit. Fl1HArELEE AR GroupBy Rt 751k A sum() Fl median() 2 2 [ ] B pR 5%,
{HR: aggregate() Hisznl LS5 o & 2204, thansfrar . B myIR, JHH
RE—RPELRRTA BiHME. Tiskbedisr—A 61

In[20]: df.groupby('key').aggregate(['min', np.median, max])

Out[20]: datal data2
min median max min median max
key
A 0 1.5 3 3 4.0 5
B 1 2.5 4 [¢] 3.5 7
C 2 3.5 5 3 6.0 9

R Al I Python T MR & AN R F1 R 28 R THAT BR AL -

In[21]: df.groupby('key').aggregate({'datal': 'min',
'data2': 'max'})
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Out[21]: datal dataz2

key

A 0 5
B 1 7
C 2 9

(2) FIE. T IEIRIE ATUALEIRE B S SR PR B 554 TRAR . Bilan, FMTrIRe ATRZIR B bn
liFryihun SOl 1K

In[22]:
def filter_func(x):
return x['data2'].std() > 4

print(df); print(df.groupby('key').std());
print(df.groupby('key').filter(filter_func))

df df.groupby('key').std()
key datal data2 key datal data2

A 0 5 A 2.12132 1.414214

B 2.12132 4.949747

C 2.12132 4.242641

uh WN RO
N ®™>Nw
v A WN P
OV NWwoe

df.groupby('key').filter(filter_func)
key datal dataz

1 B 1 0
2 ¢ 2 3
4 B 4 7
5 ¢ 5 9
filter() B & IR Bl — A /RIE, #onE i a2 @didiE, HT A4 'dataz' 5y

PRfEZEAKRT 4, BILAEEFT .

() #eige, RIHEIER BIPRXH N 2 R BARAE oL 4R, ﬁ%@ﬁ@zL@*A%mé
AR, BRad i fn, RS ORI ABEERE — R WAt 4
—HAREAR BRI KAV E, S RbRElL .

In[23]: df.groupby('key').transform(lambda x: x - x.mean())

Out[23]: datal data2

0 -1.5 1.0
1 1.5 -3.5
2 1.5 -3.0
3 1.5 -1.0
4 1.5 3.5
5 1.5 3.0

4 apply() FFik. apply() Fikib Rl DAEAEAN 4 b MR 5 . XA R U A — A4
DataFrame, X [A]—/ Pandas %1% (DataFrame = Series) B —/“krt (scalar, BL/%%
). HAEEREMESERNIRBGERAEA,
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It apply O) T35 — I BAR EASE — S A B B A ARt .

In[24]: def norm_by_data2(x):
# xp— o AR DataFrame
x['data1l'] /= x['data2'].sum()
return x

print(df); print(df.groupby('key').apply(norm_by_data2))

df df.groupby('key').apply(norm_by_data2)
key datal data2 key datal dataz2

0 A 0 5 0 A 0.000000 5

1 B 1 0 1 B 0.142857 0

2 C 2 3 2 C 0.166667 3

3 A 3 3 3 A 0.375000 3

4 B 4 7 4 B 0.571429 7

5 C 5 9 5 C 0.416667 9

GroupBy B[y apply() FikdEH RiE, M —FEE BN T 28 &M A o AR M

DataFrame, jR[8] Pandas ¥4 Sibrid, B8 L LT E .

4. iF BN BN

I T ) 18 B {5 T — BLAE A 51| 440l DataFrame, X FU& 24 4L IRVEFF I —Fh, T frdk

SN ET LM H T

(DIEFIFR. BH, Series HESMEASERE. HAHBE T LLEKE S DataFrame JTHELAY(TE
Series B%I#%, f5l4n:

In[25]: L =1[0, 1, 0, 1, 2, 0]
print(df); print(df.groupby(L).sum())

df df.groupby(L).sum()
key datal data2 datal dataz

0 A 0 5 0 7 17

1 B 1 0 1 4 3

2 C 2 3 2 4 7

3 A 3 3

4 B 4 7

5 C 5 9

B, A —FhELETIE B 1 24 SRR R 751 df .groupby ('key'):
In[26]: print(df); print(df.groupby(df['key']).sum())

df df.groupby(df[ 'key']).sum()
key datal data2 datal dataz2

0 A 0 5 A 3 8

1 B 1 0 B 5 7

2 C 2 3 C 7 12

3 A 3 3

4 B 4 7

5 C 5 9

(2) A #8E Series 1R SIBRHFHBIFARBIR. H—FH LR AT UL, SRS F
Syt
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In[27]: df2 = df.set_index('key"')
mapping = {'A': 'vowel', 'B': 'consonant', 'C': 'consonant'}
print(df2); print(df2.groupby(mapping).sum())

df2 df2.groupby(mapping).sum()
key datal data2 datal data2

A 0 5 consonant 12 19

B 1 0 vowel 3 8

C 2 3

A 3 3

B 4 7

C 5 9

(3) & Python SR EH, 5wy = dimk it 2 100L, R ATLLEHT 3 Python eR %1% A groupby,
ERBCML S RIZRE ], SREHTRI R

In[28]: print(df2); print(df2.groupby(str.lower).mean())

df2 df2.groupby(str.lower).mean()
key datal data2 datal data2

A 0 5 a 1.5 4.0

B 1 0 b 2.5 3.5

C 2 3 C 3.5 6.0

A 3 3

B 4 7

C 5 9

@) ENEBUMBIIR, W, ERZATASEEAE T A AR T4, iftiR =
— A BYRTIH T HER

In[29]: df2.groupby([str.lower, mapping]).mean()

Out[29]: datal data2
a vowel 1.5 4.0
b consonant 2.5 3.5
c consonant 3.5 6.0
5. HEZRG

it N R JLAT Python ARRD, Fefi Tk rl Lz Bk Fnil, SREUCA [R5 AN [a] 4F- 1 K B
HIAT AR
In[30]: decade = 10 * (planets['year'] // 10)
decade = decade.astype(str) + 's'

decade.name = 'decade'’
planets.groupby([ 'method', decade])['number'].sum().unstack().fillna(0)

Out[30]: decade 1980s 1990s 2000s 2010s
method
Astrometry 0.0 0.0 0.0 2.0
Eclipse Timing Variations 0.0 0.0 5.0 10.0
Imaging 0.0 0.0 29.0 21.0
Microlensing 0.0 0.0 12.0 15.0
Orbital Brightness Modulation 0.0 0.0 0.0 5.0
Pulsar Timing 0.0 9.0 1.0 1.0
Pulsation Timing Variations 0.0 0.0 1.0 0.0
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Radial Velocity 1.0 52.0 475.0 424.0
Transit 0.0 0.0 64.0 712.0
Transit Timing Variations 0.0 0.0 0.0 9.0

BEf 2 LU I GroupBy FE4R 3 HL St Se IR PRad 2 & 2 PRI ERIRE D — A2 LT R
i, kel DALEFRATIS R 25 L4 BUR R AR A T 2 R BT i — A KRRy 1 g

FEBIRIE I R A7 X JLATARRD, iR B O ROEERE 1 — T ARG 25 3L A T B HERY
SOMR . BRI GIFHOMRAE LE S, (R FRARIX LA T AR ST LAFS RS 4R 5 B 200
BRI 775

3.10 HIEEMER

FMELIr2hid GroupBy fGR S AR FE LG IR NERHYRIRPER T BHEEAR (pivot
table) J&—FhAAUMIEEIET B, % WF Excel 5RUIAIZM R, $oliB K 551
BARTEARA, T 8o AW A5 B2 A2 B R THE B 4 BdE . AMITAIN % 5 5%
REAR BN S GroupBy, (HE ST B IEMZ T (GE —Fh S 4ERT GroupBy R THE(E, ik
UL, BATRWATUSE - M - HE, HRoFISHA AR EAE GRS L, MRE
e L (FrAIEINt A

3.10.1 ETREIEEME
X — TR EIER N BRIB R R S W& (5 BER R BUR, "TLATE Seaborn BT FE (BEHS
ESI 416 1) FREL:

In[1]: import numpy as np
import pandas as pd
import seaborn as sns
titanic = sns.load_dataset('titanic')

In[2]: titanic.head()

Out[2]:
survived pclass sex age sibsp parch fare embarked class \\
0 0 3 male 22.0 1 0 7.2500 S Third
1 1 1 female 38.0 1 0 71.2833 C First
2 1 3 female 26.0 0 0 7.9250 S Third
3 1 1 female 35.0 1 0 53.1000 S First
4 0 3 male 35.0 0 0 8.0500 S Third

who adult_male deck embark_town alive alone

0 man True NaN Southampton no False

1 woman False C Cherbourg yes False

2 woman False NaN Southampton yes True

3 woman False C Southampton yes False

4 man True NaN Southampton no True
XHBHRERES TBE s REN R EEL, SHEEN (gender), % (age). Mt
H (class) FIMRZEA 4% (fare paid) %%,




3.10.2 FIHMEHEEME

ERFIE X SR Z /T, el ENHE IR, B R RESIMH AR T o H, Rk
PRBETRTHAFYT, VRATEESH GroupBy ReSKHL, (BIANXAEGE T AR % (1 A= 1E .

In[3]: titanic.groupby('sex')[['survived']].mean()

Out[3]: survived
sex
female 0.742038
male 0.188908

RHBAR AN BTN T A B . Bk, A5 2 =Rtk gek, (BERAIs 2
— Y R

RHABIRRA N, HRRATTREE AP RE, RN WG RS AR S5 ) A
Ulo HRHE GroupBy HUFRIERE, A LIFREMS SEBLHBEMIEE R . eSS (‘class’) 5
PEGI ("sex') S34H, ARFEFBAERE (‘survived') 5, HAMIE (‘mean’) RHit
B, HRSHSERAS, BInddTRIIEINRSRIER & EROITR S SR 5],
TR A, RS R

In[4]: titanic.groupby(['sex', 'class'])['survived'].aggregate('mean').unstack()

Out[4]: class First Second Third
sex
female 0.968085 0.921053 0.500000
male 0.368852 0.157407 0.135447

SBSRIXARIE AT LU It W e PR, AR AR S5 Jot Ho A AR B 2, (He AR L2k
AR REXAEE AN E PSR A i, HREZER X K ATE ]
AR LZE I, 0T 4ER) GroupBy I 5tdE# i, AUt Pandas $2fit 7 —/~PhiE
757 pivot_table KPRk fift ik 2 ALY 2R T AT (155 .

3.10.3 HFPEMNRKITE
FH DataFrame [ pivot_table SZELAYC RS Rl L — ViR E A AR D -
In[5]: titanic.pivot_table('survived', index='sex', columns='class')

Out[5]: class First Second Third
sex
female 0.968085 0.921053 0.500000
male 0.368852 0.157407 0.135447

5 GroupBy J5iAHEL,, X ATACRD Al S OR, i IR R —HE . Al RE S 1ot 20 HiE2d
RSB KA FE R —, Eb R m S A S Pm i k. — SR R B A 2
AL (FRZZ AR, I =5 B MER B AR RN 52— (RTeAhZAE) .

1. BRBIRENR

55 GroupBy (UL, H#ia B o H AL T Lodod & Fh 2 8t e £ 45 %, Bilan, Al
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A HEAIEAERE (tage') WindE BN A4, Xk vl LB T pd. cut BRECRE ARG 3
1157 Bt

In[6]: age = pd.cut(titanic['age'], [0, 18, 80])
titanic.pivot_table('survived', ['sex', age], 'class')

0

Out[6]: class First Second Third
sex age

female (0, 18] 0.909091 1.000000 0.511628

(18, 80] ©0.972973 0.900000 0.423729

male (0, 18] 0.800000 0.600000 0.215686

(18, 80] ©0.375000 0.071429 0.133663

e 1t mT LA fe FH R SR ——1L 3R AT pd. qcut REMS A% o BB 5500 w6
IMAEIE BN EEF

In[7]: fare = pd.qcut(titanic['fare'], 2)
titanic.pivot_table('survived', ['sex', age], [fare, 'class'])

Out[7]:

fare [0, 14.454]

class First Second Third \\

sex age

female (0, 18] NaN 1.000000 0.714286
(18, 80] NaN ©0.880000 0.444444

male (0, 18] NaN 0.000000 0.260870
(18, 80] 0.0 0.098039 0.125000

fare (14.454, 512.329]

class First Second Third

sex age

female (0, 18] 0.909091 1.000000 0.318182
(18, 80] 0.972973 0.914286 0.391304

male (0, 18] 0.800000 0.818182 0.178571
(18, 80] 0.391304 0.030303 0.192308

R WBRFES] (FEEIES W 3.6 1) Blb4ERitdadk, i Mg R4 REUE
Z AR
2. Hth BB E M FRIE T
DataFrame [ pivot_table J5ikfse % £ a1 F i s
# Pandas 0.18RRAYEAELE 44
DataFrame.pivot_table(data, values=None, index=None, columns=None,
aggfunc="mean', fill_value=None, margins=False,
dropna=True, margins_name='All")
EMECL AL anmn =287, BEREEMSE ., Fill_value 1 dropna X245
AT ARG AR, PR, FRATRE G i B B s s

aggfunc 24 H TR E 21 E T, BINMEZLYHE (mean), 5 GroupBy [WHEE—FE, &
e BT DU — 28 WA FF 5 ('sum', 'mean', 'count', 'min', 'max' ZF) FoR, W
AL AR B EE (np.sum(), min(), sum() %) Forx, Bob, @rTLGEE FHGA

A
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]I Z IR AN [l 2 T eR

In[8]: titanic.pivot_table(index='sex', columns='class',
aggfunc={'survived':sum, 'fare':'mean'})

Out[8]: fare survived
class First Second Third First Second Third
sex
female 106.125798 21.970121 16.118810 91.0 70.0 72.0
male 67.226127 19.741782 12.661633 45.0 17.0 47.0

FEEENE, XEZME T 4125 values, MI(Th agafunc Fg e MLt oE AR, 1
B EIESRELHE T,

MR IS5, ATLAE T margins ORI E
In[9]: titanic.pivot_table('survived', index='sex', columns='class', margins=True)

Out[9]: class First Second Third All
sex
female 0.968085 0.921053 0.500000 0.742038
male 0.368852 0.157407 0.135447 0.188908
All 0.629630 0.472826 0.242363 0.383838

XAERE PTUA B SR RS T AR S50 S5 AR R AR AE B A R AE S5 2 TP S5 AR

BRHREE, IR 2RE AL 38%, margin FIbR%E AT LLGE L margins_name 2%
BT AE X, BRIMERZ "AL,

3.10.4 ZEfl: EEANLEH

HRE AN —HEEEEPG A (Centers for Disease Control, CDC) #fit
MU T A H 58, X 2850 d8 n LA https://raw.githubusercontent.com/jakevdp/data-CDCbirths/
master/births.csv N7, (Andrew Gelman FIfth 1IN & 4% XA $edm £ 1T TIRABIOHF,
PEIE1E 2 WIS hetp:/bit.ly/2fZzW8K., )

In[10]:

# shelU N EAEE

# !curl -0 https://raw.githubusercontent.com/jakevdp/data-CDCbirths/

# master/births.csv

In[11]: births = pd.read_csv('births.csv')

HERHE—T, st R et wmi, RaE& TARMBAERY (BEAR) 585
OREIN ¢

In[12]: births.head()

Out[12]: year month day gender births

0 1969 1 1 F 4046
1 1969 1 1 M 4440
2 1969 1 2 F 4454
3 1969 1 2 M 4548
4 1969 1 3 F 4548
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AL =Bl B R R R X s . e In—SIZoR A RIAER, BB &HERH 5 Ll

EEAF

In[13]:

births['decade'] = 10 * (births['year'] // 10)
births.pivot_table('births', index='decade', columns='gender', aggfunc='sum')

Out[13]: gender
decade
1960
1970
1980
1990
2000

F

1753634
16263075
18310351
19479454
18229309

M

1846572
17121550
19243452
20420553
19106428

TS Bk R, BANERT B AR v AR R, A B A X
Fta s, WL Pandas PN & i B DhEEFF B — AR AU HIZE N sk (ZnfEl 3-2 fow, 4G
BRI 4 2 H Matplotlib 5 ERI R ZE)

In[14]:

%matplotlib inline
import matplotlib.pyplot as plt
sns.set() # {# fSeabornxt&

births.pivot_table('births', index='year', columns='gender', aggfunc='sum').plot()

plt.ylabel('total births per year');
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B 3-2: SFEARNRILEAHNHE

16 B —A~ 1 B B B R BN plot ) Trik, FATD bk wl AR A LR HAE R A%
I P HRALEE , f g 25 50 AR R 2B Mk A SR b Ao PR AR 2R 5%

RNRR

SR B BRI AR AR, (Bl Pandas 11X /4~ T H AT AR BL— LA R A
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fiE . FA LU BE e — m LIS B AR, JHER R TAes 7 mE s 3 al (2ne A 31
) EE R (401999 4 6 H) . THERX S S i R 5 Bk HaEmER (e, wT
LB A ERY sigma (R (sigma-clipping, &M IER4 MibriEZ R E/5H, SciPy H
BRI/ brifEZE) BRUERSE:
In[15]: quartiles = np.percentile(births['births'], [25, 50, 75])
mu = quartiles[1]
sig = 0.74 * (quartiles[2] - quartiles[0])

fJE— AT RAEA AR T E ML (robust estimate) , Hirfr 0.74 Z4aFrMEER S A 5 (L
KRIBE, 7E query() 5% (BFEIEIEZ W 3.13 715) A A VB sk vl LR A 2800 A HACHE 7
WA T

In[16]:

births = births.query('(births > @mu - 5 * @sig) & (births < @mu + 5 * @sig)')

SRIG, F day FIBCEH RS, X FIBORE TR Z R R, RO S A 51 & A ik
g 'null':

In[17]: # f'day ' FE B L, RTFHAESEHRME, FHibgE 75
births['day'] = births['day'].astype(int)

BUAESE AT DAKEAE H HAL AR B — A H IR ST T (FEETES I 302 1), XAt aT Ak
R TR L
In[18]: # MAEH H QI —4 HWIZE 5]
births.index = pd.to_datetime(10000 * births.year +

100 * births.month +
births.day, format='%Y%m%d')

births['dayofweek'] = births.index.dayofweek

XA 5 AT P A RAEACR [ 2 IR RS HAESdE (il 3-3 Bor) -

In[19]:
import matplotlib.pyplot as plt
import matplotlib as mpl

births.pivot_table('births', index='dayofweek',

columns="'decade', aggfunc='mean').plot()
plt.gca().set_xticklabels(['Mon', 'Tues', 'Wed', 'Thurs', 'Fri', 'Sat', 'Sun'])
plt.ylabel('mean births by day');

3. RATBUNIR S Zeljko Ivezi. Andrew J. Connolly LA J% Alexander Gray & 110, HHM bR M85 k2 th itk
F 2014 £ H KRV Statistics, Data Mining, and Machine Learning in Astronomy: A Practical Python Guide
for the Analysis of Survey Data — 3571 T f# T8 £ 5T sigma JHFRVEEAEII N 2.
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decade

— 1870
— 1980

mean births by day
8 £ § &
[=] [=] [=] [=]

g

g
§

Tues Wed Thurs Fri Sat Sun
dayofweek

B 3-3: AAFAAAEHRNBIILELE

HE R 5, AR A NS TIEREMR L., BN, A CDC R T 1989 4 Z Rl
AR, FrLABA 20 t2g 90 ARARFT 21 L fsdE .,

T~ R B 2 | A A AR R R AR N, ATUASE IR H RN H AN 4 B 4 ikt
KRB AT o0 2
In[20]:
births_by_date = births.pivot_table('births',
[births.index.month, births.index.day])
births_by_date.head()

Out[20]: 1 1 4009.225
2 4247.400
3 4500.900
4 4571.350
5 4603.625

Name: births, dtype: float64

Ea— NS ATHNZRFES, b Tk T U B R, ATAT LSS — 40>,
S5HAMAAERHZRS| GEEBS 2 A 29 A, KIVEHHREMELSE, Fl4an2012) .

In[21]: births_by_date.index = [pd.datetime(2012, month, day)
for (month, day) in births_by date.index]
births_by_date.head()

Out[21]: 2012-01-01 4009.225
2012-01-02 4247 .400
2012-01-03 4500.900
2012-01-04 4571.350
2012-01-05 4603.625
Name: births, dtype: float64

AR ASGD AR H S, X —A ol LR Be— 4 rp ot 45 K A N Bt el 41, mTEL

A
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Fl plot J5 ket mi el (4l 3-4 Fow), el UG B —LE GBI S .

In[22]: # P&5 R m A
fig, ax = plt.subplots(figsize=(12, 4))
births_by_date.plot(ax=ax);
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012

3-4: TIBRHOBEAL

ME AT R B, ESEE TR B AR, A NEeal N (BlanssEssr e, %
A, BT FMETUARORAE) . X AELG AT RE R TR R S B R (A
fExA), MAERRN AR E T OESARN ., R TFXANBBNEFMN S, ES% Andrew
Gelman 118 % (http://bit.ly/2fZzW8K) o FATTHFE 4.11.1 5 Pk {F F ax ok &, AP 45 A
Matplotlib i F| T H A X gk B SR .

X AR ARG, RS KB £ i A 2852 1) Python il Pandas T BN Al LAFH H. 454,
FEH T MK S BAR S PR EUE B FA RS A 1T A 28 4nfe] X 28 T HL G e 5 4T 7%
IR

3.11 RIENLFFTHRIRE

{1l Python Ay — /L3t ae 74 Hh AL IR R LU IR % B o (RS IR A |- GIEAY Pandas [R]FE12
T —RSIEEUFFFRIRIE (vectorized string operation), BN THBAELI (HIE) H%K
AR BRI A AT Sk ShRE . FEX —Yirh, FRATR4E Pandas BT R 81E, “22140
(o] FH AT 1 — A I I 258 2R SRR ) 2L T R (1 B SR A T R R B

3.11.1 PandasZfF RBE[N
B O B © 2 285 4nfal ]l NumPy 1 Pandas BEAT—fRAGIZBEHRME, RIBLIRA 1 AE i
Pk bt 2 A B T BRI TIRIFERVERE, fil4n.
In[1]: import numpy as np
x = np.array([2, 3, 5, 7, 11, 13])

X * 2

Out[1]: array([ 4, 6, 10, 14, 22, 26])
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@ B RIERL T ABE AR RIS —— IR MR R OB A R B, A
LROTEIBNE, 21, BT NumPy 84 AP R B R AL B 0, R
I BB for PAIRAMEIL A .

In[2]: data = ['peter', 'Paul', 'MARY', 'gUIDO']
[s.capitalize() for s in data]

Out[2]: ['Peter', 'Paul', 'Mary', 'Guido']

HARIX L MO TR rTRER A ALY, (ER (R anBaa b HBL Tk AE, AB2aX Mk 2
SIS, Bl

In[3]: data = ['peter', 'Paul', None, 'MARY', 'gUIDO']
[s.capitalize() for s in data]

AttributeError Traceback (most recent call last)

<ipython-input-3-fc1d891ab539> in <module>()
1 data = ['peter', 'Paul', None, 'MARY', 'gUIDO']
----> 2 [s.capitalize() for s in data]

<ipython-input-3-fc1d891ab539> in <listcomp>(.0)
1 data = ['peter', 'Paul', None, 'MARY', 'gUIDO']
----> 2 [s.capitalize() for s in data]

AttributeError: 'NoneType' object has no attribute 'capitalize'

Pandas >4 & FF B 1Y Series Fl1 Index X S 2 HLAY str B IR £ LM, ©BE
"L R R B PR RN, O CLIE M A PR G S (8, B4, FRATH i 9 5ds
data 3|4 T —/ Pandas [ Series:

In[4]: import pandas as pd
names = pd.Series(data)
names

Out[4]: © peter

1 Paul

2 None

3 MARY

4 guID0

dtype: object

AR R AT DA B B 540K 5 75 1; capitalize() FRT AR EHN, BR(Es
wepkit :
In[5]: names.str.capitalize()

Out[5]: © Peter
1 Paul
2 None
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3 Mary
4 Guido
dtype: object

15 str J& PG T Tab #, WLAEH| Pandas SHEIIATA 7 &AL 745 88 751,

3.11.2 PandasF&HFEHiL5IE

INFVRER Python HYFFF i 05 B:01%, wE4s & B Pandas 26k £ 8= 77 BB AR B,
HEBWS K — R, EEARRGEBINE Z8T, ERMENX—F IR, X—TH
AR F— 28 N &SR 0TS

In[6]: monte = pd.Series(['Graham Chapman', 'John Cleese', 'Terry Gilliam',
'"Eric Idle', 'Terry Jones', 'Michael Palin'])

1. 5Python=#f 8 75 LRI 75 i%
JLFFrA Python N B 78 75 805 & 13 Pandas FI M B = FF R 5, THAVE
¥45112% T Pandas 9 str J5 5% Python T 45 B 75 LN 2%«

len() lower () translate() 1islower()
1just()  upper() startswith() isupper()
rjust() find() endswith() isnumeric()
center() rfind() isalnum() isdecimal()
zfill() index() isalpha() split()
strip() rindex() isdigit() rsplit()
rstrip() capitalize() 1isspace() partition()
lstrip() swapcase() istitle() rpartition()

TR, XL EANR EIEARE, Bl4n lower () J5 kiR Bl —/A~FFHi Series:

In[7]: monte.str.lower()
Out[7]: © graham chapman
1 john cleese
2 terry gilliam
3 eric idle
4 terry jones
5 michael palin
dtype: object
{HJE A BE 5 PR I A
In[8]: monte.str.len()
Out[8]: © 14
1 11
2 13
3 9
4 11
5
d

13
type: int64
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AT R A R -

In[9]: monte.str.startswith('T")
Out[9]: © False
1 False
2 True
3 False
4 True
5 False
dtype: bool

WA LG R B S A1

In[10]: monte.str.split()

Out[10]: [Graham, Chapman]

0

1 [John, Cleese]
2 [Terry, Gilliam]
3 [Eric, Idle]
4 [Terry, Jones]
5 [Michael, Palin]
dtype: object

TERE TR T, FRA P — 22 21X 2 AT E M BAY Series (series-of-lists) ¥4,

2. EAIENRIEKXM A &
BH — L SR IEMIZRIR A 5 75 T LARDR AL B A A AR RT3, 3R 3-4 TN %02 Pandas
Ie] S AL H 05 (4R Python ARifkPERY re Bl e $SCHLHY APL,

#®3-4: Pandas@E{FF B ESPythontRERE I re B IR HBINT NI X R

Fik ik

match() A TCEVAM re.match(), IR IAIAG JRSEHE

extract() A TCEVA re.mateh(), RIEIVCEAY TR E 4L (groups)
findall() XAV re. findall()

replace() FIE MM R4 47

contains() SHEASTCZE re.search(), IR B4 /RIETH

count() THRFF A EN *%J:E,J%ﬁ%ﬁ}jﬁi

split() EMF strosplit(), IFFIENIFEER

rsplit() T strorsplit(), FFIEMIFRAN

WX ey, UREE AT ASEIL - A BB E T . B, w CAEBOC A e L T R E
A NI4T (first name)

In[11]: monte.str.extract('([A-Za-z]+)")

Out[11]: © Graham
1 John
2 Terry
3 Eric
4 Terry
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5 Michael
dtype: object

WA DEREKIE G A ERAE,  Blandth FrA 1 KA Es R A i - B 44— X nT LAA
IEMZSA RIS (0) SERMAS (8) KK

In[12]: monte.str.findall(r'~[~AEIOU].*[*aeiou]$")

Out[12]:

[Graham Chapman]

[]

[Terry Gilliam]

[]

[Terry Jones]

[Michael Palin]
type: object

auvih wNnNRE oo

BERE IE N RFC R 2 Series & DataFrame 2 HIE, A Al RESLELE £ EHR O 5ik

eItk

3. Htb=r &7k
A A — 275 i rT DAL TG (R R (n3k 3-5 FoR)

7%3-5 HftPandasFF B34

Fik iR

get() RICEZRS I E EIE, 225100 744
slice() *eE# T R BUE

slice_replace() T TY)

cat() TR (PRThREELIR A 2%, BRI SCAY)
repeat() HETLHR

normalize() W7 BB LA Unicode BRVEIER:

pad() TEFRFERINAC . AR B D3 nzs i

wrap() B P B IR I O 4 AT

join() FAor WATFiERE Series M TTHR

get_dummies()

i By PR FF R IV T AT dummy A5, 6450A 3k (one-hot) #@iDHY DataFrame

() MEXFHFENRESVIRRE. XEFERIFRENE, get(O) 5 slice() #IEWLL
MBS T R g R B BT . filan, FATRILLE str.slice(o, 3) FREAEA
TR ERBA R E = A 7. L Python AR BUE J5 2t AT CABUERHRIFER R , fil4n
df.str.slice(0, 3) Z{/i T df.str[0:3]:

In[13]: monte.str[0:3]

Out[13]:

0 Gra
1 Joh
2 Ter
3 Eri
4 Ter
5 Mic
dtype: object
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df.str.get(i) 55 df.str[i] ARZESIBRIERCR A,

get() 5 slice() #EL W LAFE split() 1B Z Je i . Bilan, Z3REUA- k40
(last name), AILAZEA{EH split() 5 get():

In[14]: monte.str.split().str.get(-1)
Out[14]: © Chapman
1 Cleese
2 Gilliam
3 Idle
4 Jones
5 Palin
dtype: object

Q) IEHRTE, B—TELAL A LN A ERERI R get_dummies() J5ik, UIRAIEIEA —4I
BETEFOWRBAESH: (coded indicator) I, X/ANF5 AR EAS T, 6,
BB —EE T IHEFROEENEIRE, A= BAEEE, B= HAEFEE, C==
WAThlE . D= BRI

In[15]:

full_monte = pd.DataFrame({'name': monte,
'info': ['B|C|D', 'B|D', 'A|C', 'B|D', 'B|C',

'BICID"1})

full_monte
Out[15]: info name

0 B|C|D Graham Chapman

1 B|D John Cleese

2 A|C  Terry Gilliam

3 B|D Eric Idle

4 B|C Terry Jones

5 B|C|D Michael Palin

get_dummies() J5 3 Al LALE PR R X SERARAR &40 F B — A SR AR AD Y DataFrame (4
AMEERE 0 1) -

In[16]: full_monte['info'].str.get_dummies('|")

Out[16]:

A
0
0
1
0
0
0

b WNR OO

PR R ORrRP,®
R R OR ORrN
R ORr ORrRr O

Wit Pandas [ HFAUIX SE 7 AR R ERVE TS, IRk wT LA SL— /S ThRe JC L 3R R 75 B Ak
PR RIGEDE A CHIBHRE T .
BORA AT PEA AR AT 275X 605 3, H A B IR AT 4l ) 3% Pandas /E 2% SCAS 1 “Working
with Text Data” (http://pandas.pydata.org/pandas-docs/stable/text.html) 7, B [di% 3.14 15
HIAH IS B o

A
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3.11.3 ZEfH: BitHIEE

I T A 28 A 6 ) e {7 4 E B 0 5 A il & SR AL PR S b IS L e LA Bt . T T H%
T A AN [ PR R B ) 23 - e B R DR AT TR . 1 H bR ix e il
Baebr AR IR, AR AT DARSE I A Sobh P He 3 2k

SREUECTR I AR W] LLAE https://github.com/fictivekin/openrecipes 3k 3, AP HEIB A FHH i AY
B R
BE 2016 %, XMEIEECLSH 30MB T, wlLLGEE a4 T 80F s .

In[17]: # !curl -0 http://openrecipes.s3.amazonaws.com/recipeitems-latest.json.gz
# !'qunzip recipeitems-latest.json.gz

EANEAE ZE A ISON #4101, SRR EE pd. read_json Bz «

In[18]: try
recipes = pd.read_json('recipeitems-latest.json')
except ValueError as e:
print("ValueError:", e)

ValueError: Trailing data

FEE ] IR RN AR R G B A “trailing data” (BCdBWI1T) HY ValueError iR,
U\I_]J:ﬁ%gl_/l\%ﬁb%a 13 R R 4 (52 BARSCIE P B — 1T 02 — 4> 4L JSON X4,
{HRELHARXE, RERLMR—AZIXFE:

In[19]: with open('recipeitems-latest.json') as f:

line = f.readline()
pd.read_json(line).shape

0ut[19]: (2, 12)

BARTG— AT — DAL ISON X4, Rl T B so v FF FR R — 2. R[]
AR5 H AT — A7 e, 55745 17 ISON R QUERGRN, ARTHEIL pd.read_
son FIRHUIT A HHE -
In[20]: # H3CPENZ R EPY thon 4
with open('recipeitems-latest.json', 'r') as f:
# R —IT N
data = (line.strip() for line in f)
# BITANE G IR AT
data_json = "[{0}]".format("',"'.join(data))
# FHISONJE SIS B o

recipes = pd.read_json(data_json)
In[21]: recipes.shape
Out[21]: (173278, 17)
XS B RIRGL 20 ik, L1750, d—frERAKNE:

In[22]: recipes.iloc[0]
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Out[22]:

_id {'Sold': '5160756b96cc62079cc2db15'}
cookTime PT30M
creator NaN
dateModified NaN
datePublished 2013-03-11
description Late Saturday afternoon, after Marlboro Man ha...
image http://static.thepioneerwoman.com/cooking/file...
ingredients Biscuits\n3 cups All-purpose Flour\n2 Tablespo...
name Drop Biscuits and Sausage Gravy
prepTime PT10M
recipeCategory NaN
recipelnstructions NaN
recipeYield 12
source thepioneerwoman
totalTime NaN
ts {'Sdate': 1365276011104}
url http://thepioneerwoman.com/cooking/2013/03/dro...

Name: 0, dtype: object

BORAT MRS, T ELE AR RN BB ke, BRI,
PR, EOMFIF R, R M (B . TR ik
T

In[23]: recipes.ingredients.str.len().describe()

Out[23]: count 173278.000000

mean 244.617926
std 146.705285
min 0.000000
25% 147.000000
50% 221.000000
75% 314.000000
max 9067.000000

Name: ingredients, dtype: float64
BRFNFRAER 250 D F4F, BAETAFHRZ 0, BeRKMTEAREEL | 1717
BT, RERXNIARKEM IR REWNESE .
In[24]: recipes.name[np.argmax(recipes.ingredients.str.len())]

Out[24]: 'Carrot Pineapple Spice &amp; Brownie Layer Cake with Whipped Cream
&amp; Cream Cheese Frosting and Marzipan Carrots'

M FEE T DR, X e~ 2 i,
BATERTUA P —Le BTHRR, FlanE B a2 i E .
In[33]: recipes.description.str.contains('[Bb]reakfast').sum()

Out[33]: 3524

WA EEA L/ PEIEHNME (cinnamon) fEA &
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In[34]: recipes.ingredients.str.contains('[Cc]innamon').sum()
Out[34]: 10526

WA LAER TP il BAL AR ST “cinamon”
In[27]: recipes.ingredients.str.contains('[Cc]inamon').sum()
Out[27]: 11

X B AR B R B A AT LU Pandas #9744 88 T HORALEE, Python HEH & A 4T 24 (LY
FARTEE TR,

1. HER SR EREF RS

BUELLRATEIE 2, KRG 5L Qe 25 AR e ad, 2%
SR T A AR, xUREEREY, WEHTREAHN (heterogeneity)
BARWIAAE, EANES BT &, IR — A R B S T DN — 17 e
G — 0 THRIEMEIR, Hik, FRIEXBRECHE. B it—8H L aisl
K, SRR R A RPN S B R R, b TRILES, X BB A
RS

In[28]: spice_list = ['salt', 'pepper', 'oregano', 'sage', 'parsley',
'rosemary', 'tarragon', 'thyme', 'paprika', 'cumin']

HAEEE AT LLE i —/~ B True 5 False # a0 RZE Y1) DataFrame ST (044 2 & HBLAE
A,

In[29]:
import re
spice_df = pd.DataFrame(
dict((spice, recipes.ingredients.str.contains(spice, re.IGNORECASE))
for spice in spice_list))
spice_df.head()

Out[29]:

cumin oregano paprika parsley pepper rosemary sage salt tarragon thyme
© False False False False False False True False False False
1 False False False False False False False False False False
2 True False False False True False False True False False
3 False False False False False False False False False False
4 False False False False False False False False False False

WAE, KA— B H TEF (parsley). BMUBy (paprika) FIEHE M (tarragon) X =Fh&
PEERE, BTl Ll 3.13 T4 2819 DataFrame 4 query() J5 sk Peigise it .

In[30]: selection = spice_df.query('parsley & paprika & tarragon')
len(selection)

Out[30]: 10

B FARE] T+ RN L X =R M &S, LEIRMARS IR R IR AL
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In[31]: recipes.name[selection.index]

Out[31]: 2069 All cremat with a Little Gem, dandelion and wa...
74964 Lobster with Thermidor butter
93768 Burton's Southern Fried Chicken with White Gravy
113926 Mijo's Slow Cooker Shredded Beef
137686 Asparagus Soup with Poached Eggs
140530 Fried Oyster Po'boys
158475 Lamb shank tagine with herb tabbouleh
158486 Southern fried chicken in buttermilk
163175 Fried Chicken Sliders with Pickles + Slaw
165243 Bar Tartine Cauliflower Salad

Name: name, dtype: object

PECLRHERTOE 45/ N T EORIEM G By BT 2 — T, Xk TLANX A~/ NE
A R PRI H B A

2. METEXEREFERE

A XA TR BIRELE VR Xt Pandas 54 83 75 125 AT LA S0 DR W L b 175 BE A1 A A 00 D 42
LR, SRR MAER R BT RS, OHEMKXERN TR WA
BEOAEMIIEEINMESNER Z2E, Ak, B TEMOBERXTIEE, Wil
SRR R, XSS AER AR PR B —— RSB R O B R B TR R &
d BRI Ay I iE], s Pandas & BERY T H AT UARE s R TAERICE,

3.12 AbIEAT(E]) 5

1T Pandas B9t h A HOUTG OVEEIY, UL EHIE —SeahRedla s I, hil,
(1% 5 AR T B, A7 2800 L S R s =2k,

o BHEBF R A EARRIITE A (B2 2015 4E 7 H 4 H EF 7 820,

o BtEEFRS B EAF R IT Aa i ] i 5 45 A R A 2 R ARG B, fil4n 2015 4 (Feiad
201541 H 1 HZ 2015 4F 12 H 31 Hix BeBtalalbe ) o JE 3 o 2 48— FhRr ik JE 2
Ik 1R] [R] B , A TRD B K BE AR, e Z R S & (40, LA 24 /N A 8 B e dg— ) o

o BYEEE (time delta) BR3FZERTIE (duration) F AEHAMIRIEIEE (Fldn, HBFE
Frigrmtinl 22.56 #5) .

FEARTTNGH, FA TR 48 Pandas FrE 3 Fh H ]/ Ik ) Bedle 20 B AR T . i TR E A
Bk, JE3CTEik*T Python % Pandas A [A] 51 T HZEAT IRAHAO T 40, LU L — A 9232
HIZEAR , EEE (T N BN, EFF4A ST 24 Pandas HOIRH AT FI TR 287, FRATSER R
Z8—T Python ALEE H I St iE Bl i) TR, fEME7E—LEEREAE IR 25, fhd
o —SE R A R R Pandas ACBRE E] 7 FI BRI 77 35

3.12.1 PythontYHEISRETA

£ Python b5 Mk 2 15 55 =05 FEvh A5 VF £ T LAZR o B3, IR i), I i) 8 R ] 55 BE
(timespan) [T H., R4 Pandas $& i[9I ] 751 T B 858 & R B ER 2 8, H2
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T fi# Pandas 5 Python Bxifk FELL K 55 =75 P b (AR ] 51 B 2 8] R DRI PR A s

1. [R&EPythonfI HESRFEI T A : datetimeSdateutil

Python & A< (1 H ¥ 51} 18] DhEE AT AEARAE ZERY datetime firp, 41 RANSE =75 dateutil
PSR R, AT UAH R SE L 2 A0 HE B 81 SRR B Eh g, Filan, fReTLAA datetime 27!
ﬁljﬁg/ﬁﬂ,ﬂ;ﬂ

In[1]: from datetime import datetime
datetime(year=2015, month=7, day=4)

Out[1]: datetime.datetime(2015, 7, 4, 0, 0)

S ] dateutiU MR & R 7 B A 2GR B I EA T IE R ARAT -

In[2]: from dateutil import parser
date = parser.parse("4th of July, 2015")
date

Out[2]: datetime.datetime(2015, 7, 4, 0, 0)

—HA T datetime X, il AUEATUFZ8ME 1, BlandTEDHx—KEAWL:

In[3]: date.strftime('%A')
Out[3]: 'Saturday'

e Ja — AR, S THTEN & 2L, FAVER T A brife 745 B #45X (standard
string format) fGHD "%A", R Al LAAE Python [ datetime SCAY (https://docs.python.org/3/library/

»

datetime.html) [ “strftime” 5 (https://docs.python.org/3/library/datetime.html#strftime-and-
strptime-behavior) & FHEMA(E B, 6T dateutil iy HAth H IZhRERT UL dateutil FYFELR SC
#4 (http://labix.org/python-dateutil) =4>], BH — A IERIEEF AL pytz (http://pytz.
sourceforge.net/) , X/~ L ELfgYe T 48Kk 2 4t i) 775 &R S B B AR . X,

datetime Fl dateutil B fE R 5 5 FIME T m#l R B €, PR LU X 2653 52 Je HoAH
B BTG BRAN SE R R GBI B R E . AR An R VR R A B (R 5t B bb AR R, B 2
LN . R Z R 281 Y Python FY 5 AEFIZRX G5 A NumPy H 22 4k i I AL (B
AV WIPERELT —4E, Python (IR Az H HIXE 5 BIFE LA NumPy H 2285 2850 H 3
(encoded dates) ZEZUECLH IPERE

2. BFiE SR E4H : NumPyHdatetime64ZEEY

Python Jit 4 H 4% A BE 55 AUUE (8 NumPy HIFA 2 NumPy 01 B IRl F 511268,
datetime64 J R4 H HIZmAD 4 64 (B, XA AT UALE H 9B AR T B (AN,
datetime64 F5EL/E 1% E H AR A B AR 4 A A .

In[4]: import numpy as np
date = np.array('2015-07-04', dtype=np.datetime64)
date
Out[4]: array(datetime.date(2015, 7, 4), dtype='datetime64[D]')

R T4 B, kel DA T DRk i ) & faa B
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In[5]: date + np.arange(12)

Out[5]:

array(['2015-07-04', '2015-07-05', '2015-07-06', '2015-07-07',
'2015-07-08"', '2015-07-09', '2015-07-10', '2015-07-11',
'2015-07-12', '2015-07-13', '2015-07-14', '2015-07-15'],
dtype='datetime64[D]")

Al 74 NumPy [ datetime64 $ 2 NICZ IR AR L — 1Y, BrLLX e iy ia S & L
Python [1J datetime X RAVIEFHEMIR L, THBFECEEREAR (ST &aFEr
NACLAE 23 Wifrgd),

datetime64 55 timedelta6d Xt % iy — /> 4k [A] 4 o5 &, B 140 & 7 & &K i 8 8 i
(fundamental time unit) AR FESTHY, BT datetime64 XA 64 (k5 E, FRLAR 4apD
PR [R] 70 Bl AT LR FEAS BT Y 2% 1%, kA1, datetime6d 7ERTEIFERE (time resolution)
SR KEFEEE (maximum time span) Z KR T —FiE,

Pean 82— AN 2070 (nanosecond, ns) ZR B AIRE BE, AR 2 U5k w7 AR (] g )
0~2° ZHFPEK 600 42 N, NumPy 2% H Wi A (8] 75 2266 FH ARl 2R fr, i, TiA
e ALAR A AT H

In[6]: np.datetime64('2015-07-04")

Out[6]: numpy.datetime64('2015-07-04")
X A& — 1~ EAsrBh oA B B .

In[7]: np.datetime64('2015-07-04 12:00"')

Out[7]: numpy.datetime64('2015-07-04T712:00")
IR, WX E D% EASITRIDIERIE R GR Y X, (RAT DA & Fikg
HOARRG 1 B AR R Br, fFilan, PRt IR] 715 B A ZNFD «

In[8]: np.datetime64('2015-07-04 12:59:59.50', 'ns')

Out[8]: numpy.datetime64('2015-07-04T12:59:59.500000000")

NumPy [ datetime64 (A4 (http://docs.scipy.org/doc/numpy/reference/arrays.datetime.html)
BNEE T A SR AR S 2t I (R] B BE RN R] 5 B AR AR, 3 3-6 XBbAES AT,

*3-6: BHASHELASTG

KB &Y RIEESE (1BX)) RIEEE (4EX])

% 4 (year) + 9.2¢18 4F [9.2¢18 BC, 9.2¢18 AD]
M H (month) =+ 7.6el7 4 [7.6e17 BC, 7.6e17 AD]
W J& (week) + 1.7e17 4 [1.7¢17 BC, 1.7e17 AD]
D H (day) + 2.5e16 4E [2.5e16 BC, 2.5¢16 AD]
h i (hour) + 1.0el5 4E [1.0e15 BC, 1.0e15 AD]
m 4y (minute) + 1.7e13 4 [1.7e13 BC, 1.7¢13 AD]
s ¥ (second) + 2.9el12 4 [2.9¢9 BC, 2.9¢9 AD]

A
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KB &Y FHEES R (1E%Y) AHEESEE (X))

ms 2Fb (millisecond) + 2.9¢9 4% [ 2.9¢6 BC, 2.9¢6 AD]
us #Fb  (microsecond) + 2.9¢6 4F [290301 BC, 294241 AD]
ns #4%> (nanosecond) + 292 4F [ 1678 AD, 2262 AD]

ps b (picosecond) + 106 K [ 1969 AD, 1970 AD]

fs &) (femtosecond) =+ 2.6 /hib} [ 1969 AD, 1970 AD]

as Ji# (attosecond) +92% [ 1969 AD, 1970 AD]

X HH TAR AR AR 2, BOA L ALHE A ANFD datetine6ans], KA BARZEIRIT
TR 715 LG JEE T AT 2 4K 40 753K

BTV — A, HE IR datetime64 541 | Python Az HY datetime RARIFAE, {H'E
/b T VR % datetime (JUHAE dateutil) JEARGIERET ik 5w, BRERNEES%
NumPy [ datetime64 3¢#Y4 (http://docs.scipy.org/doc/numpy/reference/arrays.datetime.html) ,
3. PandasfHEASEEITHE: BESUINRERRAR

Pandas JIr A 3¢ T H 41 5 I B] A9 R0 BE 75 725 4 S0 & i i Timestamp Xt 2 SCELAY, &I H
numpy . datetime64 B % A& fi% Filln] & fL 4% 1 5 datetime il dateutil By 5 FH A WLES &2
>k . Pandas il —2H Timestamp ¥4t 7] LA G — A~ A LA{E A Series & DataFrame ZZ5|[1Y
DatetimeIndex, Al TRH{ESSTHIATZAVF % HAURGIT-,

fgilZn, wILAM Pandas B 75 7R RTTE /2800 H 1 S B RZhRE, T4 7T DA RIE AL BEAS A1 A% X
(9 H ISR A A, IR — R L

In[9]: import pandas as pd
date = pd.to_datetime("4th of July, 2015")
date
Out[9]: Timestamp('2015-07-04 00:00:00"')
In[10]: date.strftime('%A"')
Out[10]: 'Saturday'
BHb, WA LLE 34T NumPy 2580y In R {btia & .
In[11]: date + pd.to_timedelta(np.arange(12), 'D')
Out[11]: DatetimeIndex(['2015-07-04', '2015-07-05', '2015-07-06', '2015-07-07',
'2015-07-08"', '2015-07-09', '2015-07-10', '2015-07-11',
'2015-07-12"', '2015-07-13', '2015-07-14', '2015-07-15'],
dtype='datetime64[ns]', freq=None)

N EEAR ST 28 Pandas FSRACERIN [A] FR A1 i iy T A,

3.12.2 PandasHf[EF%5: BAE{EZES]
Pandas It} (0] /541 T E AR & A& AR E SR B BRI #EE, Hlan, IRAOTCLE L —AM
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1225 | 58 Gl —A Series X4 .

In[12]: index = pd.DatetimeIndex(['2014-07-04', '2014-08-04"',
'2015-07-04', '2015-08-04'])
data = pd.Series([0, 1, 2, 3], index=index)
data

Out[12]: 2014-07-04
2014-08-04
2015-07-04
2015-08-04
dtype: int64

AT AR R SR Sertes ZJm, SEREM BRIEUR Z AT /435 #Y Sertes AT %, W
CAEA A B TU) R A -

In[13]: data['2014-07-04':'2015-07-04"]

w NP o

Out[13]: 2014-07-04 0O
2014-08-04 1
2015-07-04 2
dtype: int64

FHN, B LRI Series R HAVHUERRAE, Gl4n B #8450 U) s REZ AR 1Y
Kt -

In[14]: data['2015']

out[14]: 2015-07-04 2

2015-08-04 3
dtype: inté64

AT ARG, B H RS DA R R M. Rk AT, LRI 4
FBRBA I A7 5B a5

3.12.3 PandashHt|8] FF 5 #1iE 4544
AATBEA2E Pandas S ACFRIN 0] e 71 B0 3L Rt g die 2 28

o PRI R BCEHE, Pandas #2HE T Timestamp 2 WY, SHiE AT AW — 4, BAR L&
Python R A= datetime ZERUFE AT, 2 FEVERE S 47 1Y numpy . datetime64 JE 7Y [
fith B G, X RL2E 5 [ BdR S5 # DatetimeIndex,

o G TE] B B AR, Pandas $Efit T Period 2% X & F FH numpy.datetime64 T [H
FEATE I R R BB T gmil . X RL A2 5 B &5 44 /& PeriodIndex,

ottt A R R A], Pandas $EE T Timedelta 24%Y, Timedelta s&—FhfUER Python
JiE datetime. timedelta KAV S VERER IR SE#4), [RIFEE AT numpy. timedelta64 27,
X L AER D I BAE S5 44 TimedeltaIndex,

B LAY B3 / B R 4R 2 Timestamp FI1 DatetimeIndex, XMt % nl UL EEME R, & H
HY7J5 A& pd. to_datetime() B%, ‘BRILAEHTIS £ B 1 SHFRIM . X pd. to_datetime() %
—~ ISR Bl — Timestamp 287, fFuh— A1 751453 [l —4~ DatetimeIndex 57,

A
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In[15]: dates = pd.to_datetime([datetime(2015, 7, 3), '4th of July, 2015',
'2015-Jul-6', '07-07-2015', '20150708'])
dates

Out[15]: DatetimeIndex(['2015-07-03', '2015-07-04', '2015-07-06', '2015-07-07',
'2015-07-08"'],
dtype='datetime64[ns]', freq=None)
{E{f] DatetimeIndex L RIER W] ULl it to_period() J5 ik Fl— AR AL #44 BX PeriodIndex
BeAY, T D CRHEER LR H AR RS
In[16]: dates.to_period('D"')
Out[16]: PeriodIndex(['2015-07-03', '2015-07-04', '2015-07-06', '2015-07-07',

'2015-07-08'],
dtype='1int64', freq='D")

YA B 55— B, R B A 45 A2 TimedeltaIndex 247,

In[17]: dates - dates[0]

Out[17]:
TimedeltaIndex(['0O days', '1 days', '3 days', '4 days', 'S5 days'],
dtype='timedelta64[ns]', freg=None)

BMERRTEIFF: pd.date_range()

ST REHE A 01 B A AL A I 1R] 741, Pandas $24i T—2875%5 . pd.date_range() A[LA
AL FRIY ] 8%, pd.period_range() "] LAALHE FE M, pd.timedelta_range() ] LA AL ¥R [f] 7]
b, IM1E2rg3it, Python [ range() F11 NumPy [t np.arange() rILAHAS 5., & 55020
£ (A[ERy) GIE—/NF51, pd.date_range() 522101, it FFaa H I, &5 B IR
RAG ([RIFEAE RTE) Bl — A HAN B IFY], BOAIRE R .

In[18]: pd.date_range('2015-07-03', '2015-07-10')

Out[18]: DatetimeIndex(['2015-07-03', '2015-07-04', '2015-07-05', '2015-07-06',
'2015-07-07', '2015-07-08', '2015-07-09', '2015-07-10'],
dtype='datetime64[ns]', freq='D")

BAh, HHER A — & I aait A 5 45 sk ], T L& TR A Al 5 JE 1%L periods
In[19]: pd.date_range('2015-07-03', periods=8)

Out[19]: DatetimeIndex(['2015-07-03', '2015-07-04', '2015-07-05', '2015-07-06',
'2015-07-07"', '2015-07-08', '2015-07-09', '2015-07-10'],
dtype='datetime64[ns]', freq='D")

PRATLAd S freq S8t iml imlF&, ERINEAE D, filZn, wILAGIE—/ 4%/ N2 fh it ) 2
In[20]: pd.date_range('2015-07-03', periods=8, freq='H')

Out[20]: DatetimeIndex(['2015-07-03 00:00:00', '2015-07-03 01:00:00',
'2015-07-03 02:00:00', '2015-07-03 03:00:00',
'2015-07-03 04:00:00', '2015-07-03 05:00:00',
'2015-07-03 06:00:00', '2015-07-03 07:00:00'],
dtype='datetime64[ns]', freq="'H')
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a0 F B e — S A LA R I S 1) (8] B A, A 2 UL BR % pd. period_range() FiI
pd.timedelta_range(), |2 —/LAH 4 BB 25051

In[21]: pd.period_range('2015-07', periods=8, freg='M')

Out[21]:
PeriodIndex(['2015-07', '2015-08', '2015-09', '2015-10', '2015-11', '2015-12',
'2016-01', '2016-02'],
dtype='int64', freq='M")

PAJe—/> LA/ N i 361 51

In[22]: pd.timedelta_range(0®, periods=10, freq='H')

Out[22]:

TimedeltaIndex(['00:00:00', '01:00:00', '02:00:00', '03:00:00', '04:00:00',

'05:00:00', '06:00:00', '07:00:00', '08:00:00', '09:00:00'],
dtype='timedelta64[ns]', freg='H')

42 Pandas SR ACRD A (F FH BT A X LB R 41 OV 5 I 2255 1k . B TR, FRATTFE4EE
X LB,

3.12.4 HEHMESEEE

Pandas IF [A]F 51 TSR ROR IR (A 404 Sifis 2 (offset) ARG, R 2T WL D (day)
FH (hour) LA, FATAT LA Lo s BAL R FE LA RI ARG, & 3-7 B4 T 290
ESINTN

Z®3-7: Pandas$iiZR{tg

K3 iR KE5  HEiR

b K (calendar day, f%H R, &WikH) B K (business day, {X& T.IEH)

W J& (weekly)

M A% (month end) BM AR (business month end, {X& TIEH)
Q ZA (quarter end) BQ ZK (business quarter end, (& L{EH)
A AR (year end) BA @X(MM%wmwm,ﬁﬁiﬁH)
H /Mt (hours) BH it (business hours, T.{ERHH])

T 3% (minutes)

S # (seconds)

L 2 (milliseonds)

u ##%Fp (microseconds)

N 299%) (nanoseconds)

H. 7. SR Bk IR R ) (AR, R, 4ER), A —2ELLs (start, JF
i) HIRSIRISEIR HPTLE (A0 3-8 PR ) .
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7%3-8: HITIBRSIBIARA

K BB

MS H#) (month start)

BMS H#) (business month start, {X& T{EH)
QS Z4J) (quarter start)

BQS Z:4J) (business quarter start, {X& L{EH)
AS 4E#) (year start)

BAS 4E4) (business year start, {X& L{EH)

AN, PRATUAESR SRR FE I =0 A (6 5 TRk A8 28 . ARSI FF4a0 ],

e (Q-JAN, BQ-FEB. QS-MAR, BQS-APR %%,

e A-JAN, BA-FEB, AS-MAR, BAS-APR %%,

[P, AT CAAE 5 I = 0 R 140 5 ke ko8 — RN T Gt 1

e W-SUN, W-MON. W-TUE, W-WED %,

FER LR HER b, o AT AL 2 ko G B RO SR, i, wTUUR/ZNE (H)
srsh (T) WOAASRSEEL 2 /N 30 4%

In[23]: pd.timedelta_range(0, periods=9, freq="2H30T")

Out[23]:
TimedeltaIndex(['00:00:00', '02:30:00', '05:00:00', '07:30:00', '10:00:00',
'12:30:00', '15:00:00', '17:30:00', '20:00:00'],
dtype='timedelta64[ns]', freq='150T")
BT A X LA S ARAD AT X Y. Pandas B [P FIH W2 R, ELARNZA WTLATE pd. tseries.offsets
e R E, Fildn, WU T e sk E R A TE B R4

In[24]: from pandas.tseries.offsets import BDay
pd.date_range('2015-07-01', periods=5, freq=BDay())

Out[24]: DatetimeIndex(['2015-07-01', '2015-07-02', '2015-07-03', '2015-07-06',
'2015-07-07"'],
dtype='datetime64[ns]', freq='B")

KT ISR SRR E 2 NE, 16§27% Pandas (EL3CRS “Date Offset objects” (http:/
pandas.pydata.org/pandas-docs/stable/timeseries.html#dateoffset-objects) 3,

3.12.5 EHEHE. THRMEO

FH H BHFORT ] B 20 20 5 3R BOEC R 2 Pandas B 1R)5 41 T EL & B U ThfE 2 —, Pandas
AN LWL ThEe (& IR8dRN B 2201655, EWAEEY) F FBUE k%), B
LIt A A IHR AL T &R IR,
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I LE AT — S A SR R X e Th e, BT Pandas e ) A2 A 4 il A 4 45 AU R 55
Hy, BT UL R 5 (E R B A @l 5cds . Bil4n, pandas-datareader f2/7 4L (W] LLi@
it conda install pandas-datareader JEf7%¢%%) i Anfa] A —28n] FH R ACHEIE 5 A S5
5, EL%& Yahoo M4, Google WA FNHAEAENE . T 1K FA Google 91 5 Ji 54/ «

In[25]: from pandas_datareader import data

goog = data.DataReader('GO0G', start='2004', end='2016",
data_source="google')
goog.head()

Out[25]: Open  High Low Close Volume
Date
2004-08-19 49.96 51.98 47.93 50.12 NaN
2004-08-20 50.69 54.49 50.20 54.10 NaN
2004-08-23 55.32 56.68 54.47 54.65 NaN
2004-08-24 55.56 55.74 51.73 52.38 NaN
2004-08-25 52.43 53.95 51.89 52.95 NaN

T RILRI B Y, ax B AR
In[26]: goog = goog['Close']
8 Matplotlib 25, st LAt plot() mith sl LE T (4nfE 3-5 fioR) -

In[27]: %matplotlib inline
import matplotlib.pyplot as plt
import seaborn; seaborn.set()

In[28]: goog.plot();

P = »* 0 »° »°

® 3-5: Google UL MFBETIEIZELEIEE

1. BB SRR R
REBRIF(A] P 1 Bt vy, 28 T S IR AR (O ddiie, ARSI et 7 |3
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BUAE, PRATLAE L resample() J5 ik i peix A ()@, s\ I OE 4 B asfreq() J5ik. iXF
NH B FEEERAT, resample() & LLEIHE B it (data aggregation) A&, 1fi
asfreq() iR LAEIEEE (data selection) A&l

&3 Google B 2 J5, LEIRATHPFN G 33 5dm 34717 )5 B (down-sample) , % B
RAER ('BA', BJa—ALIEH) MEIRETEREAE (2nE 3-6 FiR) -

In[29]: goog.plot(alpha=0.5, style='-")
goog.resample('BA').mean().plot(style="':")
goog.asfreq('BA').plot(style="--");
plt.legend(['input', 'resample', 'asfreq'],

loc="upper left');

3-6: X Google BZ=URAE MBI TEHEUE

ETE X PR CRE G 2R R/ 5 L, resample Bt E—ERIME, i
asfreq ML E—EBEFE—NTIEHBIEN .

EHEAT IR ATEE (up-sampling) B}, resample() 5 asfreq() MIMHBKAAHR], At FEHTHL
FER R L FhECE 2, BRERE, PR AR ER DK a) A BUREVE D R (B AR BE, il & 1 AE
B ETE NaN, ST 435E 19 pd. Fillna() ER%2R{L), asfreq() B —/> method 24w L)
BB ARMER . PR T B iRt R EBo: (RIE & EER), 4%
B 3-7 o

In[30]: fig, ax = plt.subplots(2, sharex=True)
data = goog.iloc[:10]

data.asfreq('D').plot(ax=ax[0], marker='o"')
data.asfreq('D', method='bfill').plot(ax=ax[1], style='-0")

data.asfreq('D', method='ffill').plot(ax=ax[1], style='--0")
ax[1].legend(["back-fill", "forward-fill"]);
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. N

=8 back-fill

=@ forward-fill

B 3-7: asfreq() BRNERSAGRARKIENGRILL

AR E B AR AE . AR T AR BB e Bl BrUAA S HBLAERE b, T AR A
M T ) BT 5 ) S SRS PR P 0D T R (L

2. BEIER

5 — i B AR ) e 4145 VR A e B W 422 6 (R 9847328 . Pandas £ 19 Fftfil ol 3 28 (] 81 1) 5
. shift() fl tshift(), MR, shift() gt EBEIE, i tshift() wAEB RS,
PR P BT AL A T

THEIATEA shift() F1 tshift() XFEFTT LRSI 900 £ (4nkl 3-8 FiR) -

In[31]: fig, ax = plt.subplots(3, sharey=True)

# OHECHE I IR RDATEE ] e A TE e e (A
goog = goog.asfreq('D', method='pad')

goog.plot(ax=ax[0])
goog.shift(900).plot(ax=ax[1])
goog.tshift(900).plot(ax=ax[2])

# % B E B S5HR%
local_max = pd.to_datetime('2007-11-05")
offset = pd.Timedelta(900, 'D')

ax[0].legend(['input'], loc=2)
ax[0].get_xticklabels()[4].set(weight="heavy', color='red')
ax[0].axvline(local_max, alpha=0.3, color='red')

ax[1].legend(['shift(900)'], loc=2)
ax[1].get_xticklabels()[4].set(weight="heavy', color='red')
ax[1].axvline(local_max + offset, alpha=0.3, color='red')

ax[2].legend([ 'tshift(900)'], loc=2)

A
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ax[2].get_xticklabels()[1].set(weight="heavy', color='red')
ax[2].axvline(local_max + offset, alpha=0.3, color='red');

o — nput

2006 2008 010 2012 014
TO0 = chift{a00)

400
300
200
100

o

2006 2008 010 2012 014
00— {ghift{o00)

3-8: Yitt shift 5 tshift 5%

T LB, shift(900) KrEE A piHEdE T 900 K, XFEEJEFII—Bgtifk T (&AM
AR K T RIAE ), 1 tshift(900) J5 v kBt B S ME M AT HEdE T 900 K,
XTI WAE st 2 T RBAR A R B 25, filan, JATRTUAHERE
HIME A THE Google I ZE— MM B R EIHRER (40 3-9 FR) -

In[32]: ROI = 100 * (goog.tshift(-365) / goog - 1)
ROI.plot()
plt.ylabel('% Return on Investment');

% Return on Investment
]

2004 2006 2008 010 012 014
Date

3-9: Google lFEMELHBIRADRE
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X AT LA Bh AT T 2% Google I R SARFRE: MEFRATLLEH, Google B ZEFE TPO K
NI Zh 2 fe Bl a8y (RIEMBHAREN), 7 2009 FEFIFHEFER,

3. Bt EIE O
Pandas b BRI ] F7 511 5008 09 56 3 AR 2 F2 2h G tHE (rolling statistics) . iX 2845 R A LA
Wit Series Fll DataFrame fY rolling() J& Mok 9L BL, ‘B4R ML groupby 4 1E IR &5 R
(FEETEZS WL 3.9 1), BEhE (rolling view) fH#F1F % BIHRIERAATRE.
fi4n, WL L T A B EREL Google it B EL I B —AF MRS S (A Fbrife 22 (A&l
3-10 fi7R) -

In[33]: rolling = goog.rolling(365, center=True)

data = pd.DataFrame({'input': goog,
'one-year rolling_mean': rolling.mean(),
'one-year rolling_std': rolling.std()})
ax = data.plot(style=['-', '--', ':'])
ax.lines[0].set_alpha(0.3)

00

= nput

= = one-year rolling_mean
oo one-year rolling_std

2006 2008 2010 2z 2014

@ 3-10: Google lRENEZMBIBEHAITE
5 groupby #:{E—#¢, aggregate() Fl apply() J5iE#RwI AR B & LB A0 iT5,

3.12.6 EZFEIHM
fEix—iv, T R PLSEE T Pandas iR 7 71 T HAY — 285 HIhRE, SETFAMAY AT
#31¥ 2% Pandas fEZ53CHY “Time Series / Date” (http://pandas.pydata.org/pandas-docs/stable/

timeseries.html) i,

B — 75 B %R 5 Wes McKinney (Pandas G ) A AY (F| A Python 47 %38 5
Yo BARXABOLEAHLELT, HIH5KES ] Pandas EFHIR, LHEXARAE ST

A

178 | #3E



287 iR A TRAER L 54 Rl 55 R A, (R RSN T TIER . XA
R AAENE .

PR 5K AT LA TPython S Bh ZhRESR D YE FIER A R ZE TR/ 5, A ANIA
X AL 2E 2] % Ff Python T HLAVE &R,

3.12.7 Z=fl: XEAKEEBITERITHIERIATAL

THERAT B — A AR E A RF BB, et B 2012 4Dk 4 R 2 i 36 [ e ok ] o
F S FEHF (hitp://www.openstreetmap. 0rg/#map—17/47 64813/-122.34965) L1 H T4 1%k
B, BB RIA R NATEI L B g R AE . /DISE T4 7T LATE http://data.seattle.
gov/ N#, B8 —/EEEN B T 3R https:/data.seattle.gov/Transportation/Fremont-
Bridge-Hourly-Bicycle-Counts-by-Month-Octo/65db-xm6k,

HZE 2016 FEE, CSV BAELIHLL T4 T

In[34]:
# !curl -o FremontBridge.csv
# https://data.seattle.gov/api/views/65db-xm6k/rows.csv?accessType=DOWNLOAD

TP 2 5, ATLAHH Pandas 280 CSV SCHE3RHL—/)~ DataFrame, F&fi1¥f Date {4t ]
5|, AR QIR LAY A shidhT .

In[35]:
data = pd.read_csv('FremontBridge.csv', index_col='Date', parse_dates=True)
data.head()

Out[35]: Fremont Bridge West Sidewalk \\
Date
2012-10-03 00:00:00
2012-10-03 01:00:00
2012-10-03 02:00:00
2012-10-03 03:00:00
2012-10-03 04:00:00

ANRFE B~ D
ol colNocNoNol

Fremont Bridge East Sidewalk
Date
2012-10-03 00:00:00
2012-10-03 01:00:00
2012-10-03 02:00:00
2012-10-03 03:00:00
2012-10-03 04:00:00

S TR, GEBIRERSA, TR A Total 4.

In[36]: data.columns = ['West', 'East']
data[ 'Total'] = data.eval('West + East')

ARG RIX =SS HHE

In[37]: data.dropna().describe()

B W Rk, OO
ol coNoNoNol

Out[37]: West East Total
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count 33544.000000 33544.000000 33544.000000

mean 61.726568 53.541706 115.268275
std 83.210813 76.380678 144.773983
min 0.000000 0.000000 0.000000
25% 8.000000 7.000000 16.000000
50% 33.000000 28.000000 64.000000
75% 80.000000 66.000000 151.000000
max 825.000000 717.000000 1186.000000

1. BIER A
WL AT, FATT T DA B A S AT IA IR . SEh IR AG KtE mi e (AnlEl 3-11
FioR)

In[38]: %matplotlib inline
import seaborn; seaborn.set()

In[39]: data.plot()
plt.ylabel('Hourly Bicycle Count');

1200

1000

Hourly Bicycle Count

AL
I L L

Date

o o2 o o A2 o A0

B8 3-11: BEXF/N/\WBTHETEHE

FEE B R K2 25 000 /N EURE AR T IR UESEAER 2 T, BRI AT DA o 33 B
KR FEA R RRL R, Pz 8 2t (AnlE 3-12 Fow) -
In[40]: weekly = data.resample('W').sum()

weekly.plot(style=[':", '--', '-'])
plt.ylabel('Weekly bicycle count');

KR — SRR RARE 7. IEANIRARR, R AT ERALLARZ, MEEANF
AN AT SRR CTRRERTAER, HHIES5.67).
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40000

F3000

20000

25000

20000

Weekly bicycle count
=
<]
=]

3-12: HRE[NMBEABITNETEHE

5 — ROt B kAT BT 8 5752 pd.rolling_mean()* BAR s FI9ME ., TRt
FHAE 30 HEZahME, FHLEDEMER A JaEor (center=True) (4Nl 3-13 fivR) -
In[41]: daily = data.resample('D').sum()

daily.rolling(30, center=True).mean().plot(style=[':"', '--', '-'])
plt.ylabel('mean of 30 days count');

160000

140000

120000

100000

B0000

mean hourly count

60000

40000

20000

Jan dul Jan Jul Jan Jul Jan Jul

3-13: & 30 BEIENBHBIIE
T KN, SAERIETEE AT . BT LU 55— AR sh (B R 5 8845 S P 1 Y

4 JFBRIGEEXATF, TEE/EESCHTL “H pd.rolling_meaning() F%L”, (HIE# fLADH daily.rolling
(30,center=True).sun() ZE{t T pd.rolling_sum(), 4P, Pandas SCH4EF], pd.rolling_mean J5 ;R[N
B+ 4% 9 75, FH DataFrame.rolling(center=False,window=D).mean() [Tt %% pd.rolling_mean(), % )&
FFSCEEE “30 RATEEE", BRI 30 K HISEEM M ESR, —FFE
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B, Glanmmiomktaen, TR (T LEanE 3-14 Pos) REE H A 5E
(&£ 50 K) i HNEErHERISE GEEE 10 R) -
In[42]:

daily.rolling(50, center=True,
win_type='gaussian').sum(std=10).plot(style=["':", "'--', '-']);

140000

Jan Jul Jan Jul Jan Jul Jan Jul

B 3-14: AR ALESABITENBIE

2. RNEZRERE
BRI L INE 3-14 BPFIREEE EIME S TERR S ERES, (B2 elllERm T —%L4
BRARFE, fil4n, Ffi1a] Redy EAEE i H A /NI (A TR &, ax T LAdL ek GroupBy (1
HZUWL 3.9 7)) BrEkfgoe (anfE 3-15 Pos) -

In[43]: by_time = data.groupby(data.index.time).mean()

hourly_ticks = 4 * 60 * 60 * np.arange(6)
by_time.plot(xticks=hourly_ticks, style=[':"', '--', '-']);

400

00-00:00 04:00:000 08:00-:00 12-00-:00 16:00:00 20:00:00
ime

® 3-15: B)\WHNBTERS
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ANRHOIEI e P A W ARG oy ARFAE, R R (EAE B/ 8 5, MRIRIE(EAE T/F 5 a5,
XFEoy R Tt b NI ER AT AR R AR, BB 2P LB, BT E R L ()
A MVERZZPEHEE R T Lo BHE), MR ZRAmiE e TF CRBERAA T O BT

BATT IR S8 JE N A RS A7 A S4Bk, X B AR wT LAl ik — ™ 18] LI groupby e SRR
(& 3-16 FrR) :
In[44]: by_weekday = data.groupby(data.index.dayofweek).mean()

by_weekday.index = ['Mon', 'Tues', 'Wed', 'Thurs', 'Fri', 'Sat', 'Sun']
by _weekday.plot(style=[':", '--', '-'1);

Mon Tues Wed Thurs Fri Sat Sun

B 3-16: BRABRNBEITERE

TERSARMAGTFREE T B, A-SRLEE AT EEAZ RN, HHT
Pt

BEXAFEZ )G, LRI —AE A groupby ML %E— AN TAE H 58Uk H &/ I %L
e H—/MREFBAR B AN TAE B BIAN TR /N

In[45]: weekend = np.where(data.index.weekday < 5, 'Weekday', 'Weekend')
by_time = data.groupby([weekend, data.index.time]).mean()

PRAE ] —£E Matplotlib T.H (FEEIHES W 4.10 ) mEHHEIKE (nE 3-17 Fios) -

In[46]: import matplotlib.pyplot as plt
fig, ax = plt.subplots(1l, 2, figsize=(14, 5))
by_time.ix[ 'Weekday'].plot(ax=ax[0], title='Weekdays',

xticks=hourly_ticks, style=[':', '--', '-'])
by_time.ix['Weekend'].plot(ax=ax[1], title='Weekends',
xticks=hourly_ticks, style=[':', '--', '-']);
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Weekdays P Weekends.

00000 040000 (80000 120000 160000 200000 @0000 030000 (80000 120000 160000 200000
tme ime:

3-17. TEBSRRBEI\NHBTERE

SR MATE, BN TIEHP AT 4R 2 AUEE G (bimodal commute pattern) ,
MR T FA RS BT B A (unimodal recreational pattern) , {RANAREEAS HRELHE b 1%38
SRELABER, AR, IR, — AR AR A DS H At R 206 A AT T3 B
BRI, R TFERANOVING, ESHERIVIEIC “Is Seattle Really Seeing an Uptick In
Cycling?” (https://jakevdp.github.io/blog/2014/06/10/is-seattle-really-seeing-an-uptick-in-cycling/) ,
BB RAE T 25001, IRATHLE 5.6 RS X M Eda k.

3.13 Sl¥aEPandas: eval()5query()

RITH AT 2 441, Python Zrda A A IABENY IR K ) B2 7. 7F NumPy 5 Pandas [1Y
etz b, R AR A AR C TE S /£ NumPy BRI EL /) iz
B, {E Pandas HUg o HRIAETR . BARX LR IhRE v LA i @ 8o o VU 2 1, (02
BN LG A 5, XAt S b R R AT R E 5 N AE

Pandas M 0.13 figJF 44 (2014 4E 1 H) #ESIA TSR R, iEH e LLE#E T CIES
HEEE, AT i E RS, ETEE eval() F1 query() BA%L, ER(RIHH
T Numexpr (https:/github.com/pydata/numexpr) F&£ /5, Tl 1B 7E T 1 Y Notebook H{E 7~
HHB:, HIr gLl b e S,

3.13.1 query()HevalOWigitahtl: E&5KEX
RITH 2241435, NumPy 5 Pandas # % Bty al &bz B, Flan, (Rl LOo A
e Ebu T e I
In[1]: import numpy as np
rng = np.random.RandomState(42)
X = rng.rand(1E6)

y = rng.rand(1E6)
%timeilt x + y

100 loops, best of 3: 3.39 ms per loop
FRARAE 2.3 T 2BIIABKE, X AR EL S B Python B3RS EE A BRIR £ .

In[2]:
%timeit np.fromiter((xi + yi for xi, yi in zip(x, y)),

A
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dtype=x.dtype, count=len(x))
1 loop, best of 3: 266 ms per loop
{2 X Fhis RAE AR A 1850 (compound expression) [AIRHI AR LLARAR, Bil4n T 1Al
rZeik:

In[3]: mask = (x > 0.5) & (y < 0.5)

M1 T NumPy iR — R85, B A TR RS T

In[4]: tmpl = (x > 0.5)
tmp2 = (y < 0.5)
mask = tmpl & tmp2
it t, SEPEIRRBETEEXMIEAT, AR x BHMy BHEF K, Xahi
Wk 2x o IR S Bt ) FIN A7 RE . Numexpr A2 5 4 T LALEURAEAS 24 v ]k #2 47 Bic 2 50 N
IR T, SEROCRFITTENE AREGUEH., B Numexpr X84 (https:/github.com/
pydata/numexpr) HAEME T EIEAIAINZ, (HE T A LU, XA FR P Sk FH— A
NumPy XU 5 #F BB AR s 5
In[5]: import numexpr

mask_numexpr = numexpr.evaluate('(x > 0.5) & (y < 0.5)")
np.allclose(mask, mask_numexpr)

Out[5]: True

X AL, T Numexpr £E AR AT Z A I A0 o Bl 28N Ar, Bkt
FLk NumPy &2k, HEACE KAE ., D EZr 431 Pandas Y eval() Fll query()
T HIH Sz 2+ Numexpr SEELAY,

3.13.2 Hpandas.eval( )L EHREEE
Pandas [t eval() B4 % F 7 75 Hf AR B X 92 B0 T DataFrame (1 & P RE 12 5, 9 4n T 1 1)

DataFrame;.

In[6]: import pandas as pd
nrows, ncols = 100000, 100
rng = np.random.RandomState(42)
df1, df2, df3, df4 = (pd.DataFrame(rng.rand(nrows, ncols))
for 1 in range(4))

NS E Y Pandas J5 721150/~ DataFrame [0, AILLX

In[7]: %timeit df1 + df2 + df3 + df4

10 loops, best of 3: 87.1 ms per loop

R LGE T pd.eval FI R AREEC TR IR AR R 25 R .

In[8]: %timeit pd.eval('df1 + df2 + df3 + df4')

10 loops, best of 3: 42.2 ms per loop
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XA~ eval() MARYREA LSl 75 P — % (M HNAHHFEE ), S5 Rt —HERY

In[9]: np.allclose(df1l + df2 + df3 + df4,
pd.eval('df1l + df2 + df3 + df4'))

Out[9]: True
pd.eval O ZHHIIZE
I\ Pandas v0.16 HUFAS, pd.eval() BLACHIFLIER T o 0 THORESEH, Gl 1K
2K 7R DataFrame.

In[10]: df1, df2, df3, df4, df5 = (pd.DataFrame(rng.randint(0, 1000, (100, 3)))
for 1 in range(5))

(D ERBER. pd.eval() STRATAREARZTR, Hlan.

In[11]: resultl = -df1 * df2 / (df3 + df4) - df5
result2 = pd.eval('-df1 * df2 / (df3 + df4) - df5')
np.allclose(resultl, result2)

Out[11]: True

Q) LEBIZERF, pd.eval() HHTAMIELKIZETT, BiEHEE (chained expression) :

In[12]: resultl = (df1 < df2) & (df2 <= df3) & (df3 != df4)
result2 = pd.eval('df1 < df2 <= df3 != df4')
np.allclose(resultl, result2)

Out[12]: True

Q) LBEFF. pd.eval() Hf e (5) | () FALsHAF.

In[13]: resultl = (df1 < 0.5) & (df2 < 0.5) | (df3 < df4)
result2 = pd.eval('(dfl < 0.5) & (df2 < 0.5) | (df3 < df4)')
np.allclose(resultl, result2)

Out[13]: True

A, PRk AT LA R R A { F and 1 or 26 1A
In[14]: result3 = pd.eval('(dfl < 0.5) and (df2 < 0.5) or (df3 < df4)"')
np.allclose(resultl, result3)
Out[14]: True

DR BEHSERS|. pd.eval() AJLLET obj.attr 1EEIRECH R JEM:, @it obj[index] i&
BARBO R 5]
In[15]: resultl = df2.T[0] + df3.1iloc[1]

result2 = pd.eval('df2.T[0] + df3.iloc[1]"')
np.allclose(resultl, result2)

Out[15]: True

S) EfttizE ., Hajf pd.eval() AL FFASOIAA . &MFER). MEIRCIRCEE ZRia%k, 40
BRI AT X Mz, rTEARE B) Numexpr SR SEEL,
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3.13.3 HlDataFrame.eval()3LI % g1z &

1T pd.eval() #& Pandas HUTHZ %5, [Flk DataFrame 5 —A> eval() 5w LA A)E

B I eval() JikrIAFALR FTLAME BY B BRRIEA TIB S, /RBAn T -

In[16]: df = pd.DataFrame(rng.rand(1000, 3), columns=['A', 'B',

df.head()

Out[16]: A B C
0.375506 0.406939 0.069938
0.069087 0.235615 0.154374
0.677945 0.433839 0.652324
0.264038 0.808055 0.347197
0.589161 0.252418 0.557789

AR AT AT 2810 pd.eval(), kAT LAidad i i ARBEHHRLX =51
In[17]: resultl = (df['A'] + df['B']) / (df['C'] - 1)

result2 = pd.eval("(df.A + df.B) / (df.C - 1)")
np.allclose(resultl, result2)

A wWwNRER O

Out[17]: True

Ifij DataFrame.eval() J5kml DL i 41| 4 FR S B i AR

In[18]: result3 = df.eval('(A +B) / (C - 1)")
np.allclose(resultl, result3)

Out[18]: True
TR, XEMHFBREATERUARECN, SREFEIERT,
1. FiDataFrame.eval() &L %l

lcl])

B T RITAI /- 4300z HIhEE, DataFrame.eval() ib m] LAGIEEH 15, 14 F Al TRl Y DataFrame

Kifon, Fll%xE AT, BN C

In[19]: df.head()

Out[19]: A B C
0.375506 0.406939 0.069938
0.069087 0.235615 0.154374
0.677945 0.433839 0.652324

0.264038 0.808055 0.347197
0.589161 0.252418 0.557789

FILAAT df.eval() QUEE—/#THISI D', SRJEIA E R AITHRAYE .

In[20]: df.eval('D = (A + B) / C', inplace=True)

A wWwNRERO

df.head()
Out[20]: A B C D
0 0.375506 0.406939 0.069938 11.187620
1 0.069087 0.235615 0.154374 1.973796
2 0.677945 0.433839 0.652324 1.704344
3 0.264038 0.808055 0.347197 3.087857
4 0.589161 0.252418 0.557789 1.508776
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BALAE R A RIS

In[21]: df.eval('D = (A - B) / C', inplace=True)
df.head()

Out[21]: A B C D
0 0.375506 0.406939 0.069938 -0.449425

1 0.069087 0.235615 0.154374 -1.078728

2 0.677945 0.433839 0.652324 0.374209

3 0.264038 0.808055 0.347197 -1.566886

4 0.589161 0.252418 0.557789 0.603708

2. DataFrame.eval(){EHBETE
DataFrame.eval() ik il @ FF5 {8 H Python FYJE#FAE &, 40 FHR:

In[22]: column_mean = df.mean(1)
resultl = df['A'] + column_mean
result2 = df.eval('A + @column_mean')
np.allclose(resultl, result2)

Out[22]: True

QSRR “XE—ANTEARMAL —ANFBIR”, WILRRIGHHBE S 6 4=
" ARIR (52 PRI Ay 4 22 [ A0 Python X R YAy 222 if]) HEMAK, FEEEN
&, @fF5 HRE(E DataFrame.eval() i iJH, MiAHELE pandas.eval() ek & {i ],
K2 pandas.eval() EAHAREIRIL—1> (Python) fr&ZSRIMIANZ.

3.13.4 DataFrame.query()F %

DataFrame & T/ B R AVIs RS T B—4T51:, WFRh query(), fl4n.

In[23]: resultl = df[(df.A < 0.5) & (df.B < 0.5)]
result2 = pd.eval('df[(df.A < 0.5) & (df.B < 0.5)]")
np.allclose(resultl, result2)

Out[23]: True
FOHTIA AT 2352 /) DataFrame.eval() —#¥, iXx&—/>H DataFrame %I G AIAREG, HEA
fE/H DataFrame.eval() i&7% °, Avid, X Fhidigia®, RaTLUH query() J5ik:
In[24]: result2 = df.query('A < 0.5 and B < 0.5")
np.allclose(resultl, result2)

Out[24]: True

B THEPEREE L 240, X PG B LR R AR A B R, SR B,
query() J5 i3 3 HEH @ #1551 R s &
In[25]: Cmean = df['C'].mean()

resultl = df[(df.A < Cmean) & (df.B < Cmean)]
result2 = df.query('A < @Cmean and B < @Cmean')

T 5: BIIRESE R2 S DataFrame (45, —F&UE
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np.allclose(resultl, result2)

Out[25]: True

3.13.5 fHEEREFERR
EHEEAE XA B, FEEEZEHA G TERBMAFEERE, MNFEEER
FEER WA, SR anm BRI AkE, &A1 & NumPy £74H 8 Pandas /) DataFrame
M E A REGCHERS P2 s gl il

In[26]: x = df[(df.A < 0.5) & (df.B < 0.5)]

CEARENT

In[27]: tmpl = df.A < 0.5
tmp2 = df.B < 0.5
tmp3 = tmpl & tmp2
x = df[tmp3]

4RI} DataFrame PN AT RELIRII RGN L K GREZILE T, L b eE
F eval() Fl query() &, PRATLLE 5 Bk bl — T2 B N {HFE

In[28]: df.values.nbytes

Out[28]: 32000

{EMERE T E, BIMERBA B BRBI R GENAE, eval() AYTHRLH Bt b 5d ik, BUER
PERENE AR Bk T G} DataFrame 5 2245 CPU /) L1 Fil L2 2547 (7E 2016 4Ei AR JLIR77)
ZIAIIRTEL T —— R RS R B, B4 eval() mk ol LAk Sa fE A [ 22 A7 A 22 18 b 8 5
bt S o FESRRR TAEH, BABLEERTHHE 74 eval/ query THELGTALETHEIN A LAYZE
SHARSEI AW, 8 5 B R PR N B SOiid SR | eval/ query AR AL
FERETENG, AREL R,

BMCEIE T eval() 5 query() Wi K 2540, # M THREZIIEE, 155 7% Pandas
SCRY, CHTREEERYR, WAL U B R RRAT 28 A0 5 ok TiX S6 4 1, AHOCHN T
1% 2 7% Pandas 3 #4 # “Enhancing Performance” (http:/pandas.pydata.org/pandas-docs/dev/
enhancingperf.html) 5,

314 BEHM

fEix—3d, AR T2 Tanfald@al Pandas S5 PR & 80800 40 9 2 il il . HEA
AR, AL AR RS, RBESF I E L) Pandas AR, #HEHZSETH
ioliel
Pandas 7= % 4% (http://pandas.pydata.org/)
X4 Pandas F2 /7 i PRANAD SCRY . BARSCRY A B IR A AE AL R/ NVECHR B, (B BT
N TERE . ThReam, * T HEE R EEE A,
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A1 A Python # 47 444% 947 )
X & Wes McKinney (Pandas G ) mEE1E, BN T L A& A T 281 Pandas
FR, R, A —RrE, B TEEYLSE —48Morh, KbhRZeR 7
FH Pandas ZCH RFFI) TH, XABHEE T L2 A8 RG], it Pandas 23 H L
KRR, HRREERE, HTXARBOLALELE L, i Pandas F2)FHL1EAFF
EIH, RIEEERD, LS HREBR A TS (BRI EERE 2017 £
BT ) o

Stack Overflow M 3k #9 Pandas #%#1 (http:/stackoverflow.com/questions/tagged/pandas)
Pandas W PR %, HAURA RIS, 5t rTLAE] Stack Overflow E&EE BN & 2 O 2]
L RIFERI AL, {E H Pandas Bt fEH, Google S8 235 [ BE bt AN Al /b, FEVR BB
ARSI ER GBS, WTRESEILL Stack Overflow IE L HYE R,
PyVideo b % F Pandas #9# ¥ 4L3R (http://pyvideo.org/tag/pandas/)
M PyCon #| SciPy fi§ #| PyData, ¥ % 45 i &8 A Pandas JF 'k # F1 & K & = 0 B fe.
PyCon WUE R BIZ G, 41T % .
A Bl I AR TR N A AIX LE TR, ATLALR R E S anflidid Pandas gk TAE rhas 2 B A 4
B 53 I e |
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B4E

Matplotlib%54E ol {14t

A ERE RN 288 Python Y Matplotlib T HSEBUEHE /T AL HY )5 ;. Matplotlib & 37
f£ NumPy £ 2H At B/ 27 S 5m T AALER P 4, @it ik it 15235 SciPy I AR
%, John Hunter 7£ 2002 454 H T Matplotlib A4 B——5 B3 it —4> IPython A4 T, ik
IPython #ir 447 ] LAl gnuplot & H 25 8] MATLAB X% 1Y 28 B2 &, {HFEHT IPython AY
YE# Fernando Perez 1EAT & B 183C, miXf John 1 B & &t JLAS H &R B B AZ AN T,
John IG5 AHLE:, BEIEAN T sk T Matplotlib £ 56, T 2003 £ %46 T 0.1 fR. J&
¥, FEERZLEEFEWZAT (Space Telescope Science Institute, STScl, MEhEiciliy
JEWIHIRA , A F2omE S & k) S elEAd TEERFE, F£—H A Matplotlib 7 &
AR 4 e, i KK /& T Matplotlib HIBSRE

Matplotlib £ 221 FFE 2 — it & B A R A ERE R G0 3 a M fn B on i B 1 3 A
(graphics backend), Matplotlib 3£ JL R JE B 0 S kg, XS H P CisE
WEFPRIE 2 40 LER AT DG B AR, XSS, mE BRI R g kh
Matplotlib 58 KFITHEEZ —, Matplotlib WK LR S| T REH /7, MR T — /N ER
FRBZEEBN, FFth Python BH#45UA ] sl i 38k s 2%

SR JLAE, Matplotlib 9 51 5 KA LT A sUBRAS B, BRYmiE TH, R IES

HJ ggplot Fil ggvis, #BIT %A H D3js A1 HTMLS canvas #8911 Rl 4818 T ., #HEL 2
T, Matplotlib £ BiE 5, HIRRAKMNIAAFERSE Matplotlib X FE— /N IhRETE®E . FF
HEHEESIEE, HAr, #HRP Matplotlib EL28 W] LR B R B XU (TEETES L
413 i), AMIASE £ Matplotlib YA il EIF & HBTAVRR P AL, S8 SE s . BLARILRY
API, 40 Seaborn (IF1ETE S W 4.16 1), ggplot (http://yhat.github.io/ggplot) . HoloViews
(http://holoviews.org) . Altair (http:/altair-viz.github.io), LA % Pandas %} Matplotlib ) API
B E R, BACSA TEREES T, {H2&%4 Matplotlib iV IE L RELL IR
RiGH s hl e i BT EE R, Rk, B ET CEL Y B B BA +: X 16 A & 03 B 10 RS
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JZHJ Matplotlib API i 7%, (HFARIR AT Matplotlib S Bt il PR H A A m] iy
—.

4.1 MatplotlibE F 15

TEGR A %2 2] Matplotlib 48 rTHICIZhRE Z BT, RFEZ401E JLA- Matplotlib Fyfd TS,

4.1.1 HE AMatplotlib
#E1% 2w F np fE25 NumPy B B, pd 1E°4 Pandas FUE B —FE, i1l LATE
S A Matplotlib i F—2e&2 5 F & B

In[1]: import matplotlib as mpl
import matplotlib.pyplot as plt

plt A i i FHRUEE N, fEAREIR NN A T & 20

41.2 ZELZEHFER
FATVEHE pLt.style SRk B EIEIA B NG, BLEEFL M (classic) WA, X AEm
H FE sE AT A 28 B Matplotlib AU T -
In[2]: plt.style.use('classic')
TESET IR, TR R AR YR 75 22U R 2 B A% . Matplotlib /£ 1.5 hR 2 S5 FF 46 X HEA RIHY

KA FHFe (stylesheets), 2SR RFAY Matplotlib A EL1H, BB 25k R AE(E FHBLIATIZ EIA
Mo RTRMETIRIE Z(FE, HSW 41371,

4.1.3 FAHshow()? {2 REF

AR EAE AT EAREWE W, ARt — AL A T Al B R yRIyEE, stidet
BAHITFRINEE T . Matplotlib FY ik (S2ER S REHRIIF R IEA G, BRkll, stef
=R RIS, 4y BHEMIA . IPython shell 1 IPython Notebook,

1. TR |

ASRARAE— A AR S b B Matplotlib, AR o BTG 245508 plt.show(), plt.
show() &3 JE3)— /" F{FEEFR (event loop), FFHEFIFTA Y aT ol HRVEITEX S, SRIGHTH—
N E AR EAE A BRETE .

filan, YRIAEA—A 44 myplot.py FUSCHE, fCRDANT Bk

R file: myplot.py ------
import matplotlib.pyplot as plt
import numpy as np

x = np.linspace(0, 10, 100)

plt.plot(x, np.sin(x))
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plt.plot(x, np.cos(x))

plt.show()
AT DA AR 247 CREPHATX A A, RESFER—DFHE A, RS ERIRIEE

$ python myplot.py
plt.show() XfTRRBGIESGIHIZE R T 1VF 2 H1, CRESRMEHRIERGN EE Bor ik
AR A, BARARREMTT SHIRERSGMZETI AR A RKMIZE:, (A&
Matplotlib A PREEsK T FTARIANT, % 0.
At — MR EEE, —> Python £51f (session) H RBE{E A —k plt.show(), [l #
AL EHAEMIAR G, 24 plt.show() A& & FEGELAIEHY S R 508, BAZR R,
2. Z£IPython shell ¥ & &
£ IPython shell Ff 22 B 7 b (i Fl Marplotlib m E JEH H# (FEEHESLE 17), £
IPython J&3}) Matplotlib #55k /I LAEFH'E. 4 T R A, RTFZEAEE38) tpython J&
fdi F %matplotlib BE: A4 .

In [1]: %matplotlib

Using matplotlib backend: TkAgg

In [2]: import matplotlib.pyplot as plt

RN plt & E S BT A — 1T BEIEE O, #ingiasd, BERSEH. §—
s (e (flantk 7 C A BAF & LEME) A4S 3 R E T oFaxeeasit, mILAE A
plt.draw() 58| Hf, fE IPython shell H J23 Matplotlib # 2. 7 Ji5, sk 2 {d H plt.
show() T,

3. ZEIPython Notebook A & &
IPython Notebook A& — kA& 1 JI T &% 1 58 BBl oo #r T H., mT LKA M7, ARAD,
. HTML JCEL T 2 AR Aok, 48] A Al $47 1 Notebook 3CHY H
(FHEIEENE 138,
Ff IPython Notebook #4752 5.7\ H & 5 {#i i IPython shell 28{0L, 7535 Ff %matplotlib fiy
A URATUARE R B #548AF TPython Notebook T, A HiFtEILER.,
o %matplotlib notebook £7F Notebook H1 2z % EREIE .
o %matplotlib inline £37F Notebook H' EEhER7ZSEIE ,
A P55 —(d ] %matplotbib inline:

In[3]: %matplotlib inline
Bfi A2 )G (4—/ Notebook ¥.0MT55 / &1k RFEE&ET—1k), TE4H—1 Notebook [
e Al RS B PNG MR SR AESTCH (AnE 4-1 FR) -

In[4]: import numpy as np
x = np.linspace(0, 10, 100)
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fig = plt.figure()
plt.plot(x, np.sin(x), '-')
plt.plot(x, np.cos(x), '--');

4-1:. BABRTH

41.4 BERKREFEAIE
Matplotlib FJ— AL s & RERS R R LR AF A & A RV B A& 2, PRATEAH savefig() A
PHETERATE A SCHE . Bildn, AR Z0R B RAE A PNG #&3X, IRATLLsfTix 7R

In[5]: fig.savefig('my_figure.png')
XA TAESC R Bk A T —4> my_figure.png 34

In[6]: !ls -1h my_figure.png

-rw-r--r-- 1 jakevdp staff 16K Aug 11 10:59 my_figure.png
T E AR B RAA A RMFZENANZ, AL IPython 1Y Image %4 K B~ LN
7 (4 4-2 FioR) -

In[7]: from IPython.display import Image
Image('my_figure.png')

10

05+

0o

4-2; &% PNG EXBR,
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£ savefig() HLIT, ORAFHY R SCiR# Al 2 SCIERY Y R 44 Matplotlib SHFUF £ B TEA%
R, AFHEXHEBERGCRNETZE R E A gvE., IRl canvas MRV k&R
RGOSR

In[8]: fig.canvas.get_supported_filetypes()

Out[8]: {'eps': 'Encapsulated Postscript',
'jpeg': 'Joint Photographic Experts Group',
'jpg': 'Joint Photographic Experts Group',
'pdf': 'Portable Document Format',
'pgf': 'PGF code for LaTeX',
'png': 'Portable Network Graphics',
'ps': 'Postscript',
'raw': 'Raw RGBA bitmap',
'rgba': 'Raw RGBA bitmap',
'svg': 'Scalable Vector Graphics',
'svgz': 'Scalable Vector Graphics',
"tif': 'Tagged Image File Format',
"tiff': 'Tagged Image File Format'}

TR, AORORAT B SCIRRY, ANTRZEE M plt.show() S /ifHI /T 4L AU A 4.

4.2 FHEEEO

A it Matplotlib H — 425 5 ik NIRIGHIFEE, st erowmitmE EEn. — AR EHERN
MATLAB KA%3 111, 55— ShAE o 5% R AT e 4 1, T i 2k Hess %k bb— T Wi
ARy EEER,

4.2.1 MATLABR#&#EO

Matplotlib £ #) 1 4 MATLAB fH /7 i Python 5 £ 5, ¥F £ i& & # 1 MATLAB 2 {1,
MATLAB KUk T BA7 T pyplot (plt) #%10H, MATLAB JH P 5 6 T 1 A9 A Adh e il 2k
& (& 4-3 FioR) -

In[9]: plt.figure() # GIEETE

# QU T EIRIE A, 5% E A bRh
plt.subplot(2, 1, 1) # (f7. 4I. TE%%)
plt.plot(x, np.sin(x))

# QUM T BRI A, B A ARG
plt.subplot(2, 1, 2)
plt.plot(x, np.cos(x));
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B 4-3: MATLAB QiS04 HNFTHE

X R O R BV T IRSH (stateful) « B HEEEIRER “YRTH07 B FnLstri,
B plt S EB e LA ., PRATCAA plt.gcf() (GRECYATIEIE) Fiplt.gca() (BREX2YHi
Aebrdh) REEEBEA,

SR IREN L O ER ER ORI E, (Hag W iRe 5 I, filan, =460 kimiy
FAFER, EAARERBEE AT, JREIENEYE? BN MATLAB XU& ;M
WEESKIL, (HARGIE TR, IHERA — P AF 0]

4.2.2 MHEEXMREO

T RS 43 O AT DLE N B 22 iy 5, BAFH IR A CRIEE, EmmXREOd,

E BT 3 2a 1637 EIESAFRAhIBRE], mzs s T 8200 Figure Fil Axes 77

7%, il TEAAHS, T A SR 0 mE eI 2 mi R (AnlE 4-4 FoR) -
In[10]: # JEEIE BRI

# axag — A Axes I R AVE
fig, ax = plt.subplots(2)

# 1R % EIRAplot () 5k
ax[0].plot(x, np.sin(x))
ax[1].plot(x, np.cos(x));

10

05
0o f
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o
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B 4-4: REONRECUESE
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SRR BTN, RPN kg BB A N BT, (R AR EL B A BT
MR RIGEEE S, AT, FALEE MATLAB AU+ 1 55 T[] % G5 H i)k ]
et BARNEMIE PRGN E. EHRLZED T, plt.plot() 5 ax.plot() ZESR:
FEH /N, AHR R A R A R — e pE R

4.3 EHELHE

TEFTA BTG, B st A R R M R y = f (o) IRTRRAL T KB B Anfil 15X />
IR, 1T RN ZEE AL Notebook Himi 8], KILFEESALL T Ard .
In[1]: %matplotlib inline
import matplotlib.pyplot as plt

plt.style.use('seaborn-whitegrid')
import numpy as np

S Matplotlib BT, #EFE 2L B —ANETE fig Fl—/A~Aeprkh ax, GIHE T 548 bRk
W R B an SR (AnlE 4-5 For) -

In[2]: fig = plt.figure()
ax = plt.axes()

10

o8

06

04

0z

4-5: — T EEIMAB LTI

£ Matplotlib HL[fii, figure (plt.Figure ZfJ—/~sLf) FTLLBEE B — 1 HERS 2220 & Fhsle
bri, BB, SCFRBRERIR S . R IRER B BRI, axes (plt.Axes Zfy—4~sk
i) &— AR Z ERARE R, RASEE A TILETE TS, EAH, i
WE S A R fig Zon— BRG], AR ax Ron— /A brih il sk — 4 A brih S 6,
CIE AP A brih 2 5, SRR LA ax.plot W& T, M—Z M RAYIEZ 4 (sinusoid) FF4A
(4nE 4-6 FioR) -

In[3]: fig = plt.figure()
ax = plt.axes()

x = np.linspace(0, 10, 1000)
ax.plot(x, np.sin(x));

Matplotlib£ ] ¥4k | 197



4-6: FENIELHLE

7ML T L pylab 42 1 5], X IR B 5 AL bRAERFE IS E 40T (2nE 4-7 Bos, 4.2 1l
MiHE TRX AR )

In[4]: plt.plot(x, np.sin(x));

10

05 /
oo
05
-1.0
0 2 4 [ E n

4-7: RBONSEOBEZEDEL

ARAE—IR B G 2 2%, WTLAEZ M plot A (ANl 4-8 FivR) -

In[5]: plt.plot(x, np.sin(x))
plt.plot(x, np.cos(x));

10

oo

4-8: QIRDBRE
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£ Matplotlib F i ] £ () B8 B0k AL iR 8] T TR S 285 2 56 T anfer A il A ARl A £ 4%
SAT R B E T5 1k o

4.31 AEER. £ENBESXE

S o R TR 50— v VR T e 2 2 4 (1 € 55 UK o pLt. plot () BRI AT LAEE 3o AR I (19 2
BOx B S R, BEEIH G, T DMEH color %, & B &Rl G (G0 75,
B ERIAEZFR G T (A0 4-9 FoR) -

In[6]:

plt.plot(x, np.sin(x - 0), color='blue') # FRAEE AR
plt.plot(x, np.sin(x - 1), color='g") # HEEE A (rgbemyk)
plt.plot(x, np.sin(x - 2), color='0.75") # JUBEAEO~1F K FETH
plt.plot(x, np.sin(x - 3), color='#FFDD44') # -+ <ikfl (RRGGBB, 0O~FF)

plt.plot(x, np.sin(x - 4), color=(1.0,0.2,0.3)) # RGBICZH, JLHE{£o~1
plt.plot(x, np.sin(x - 5), color='chartreuse'); # HTMLZifa Z#R

W
TN

O

4-9: EHBHTENHE

IEAFGE B, Matplotlib 825 A% 452k H ShBERE F —HERINRISI
52540, trturTLLUH linestyle P8 28 45X (A& 4-10 FToR) -

10

<

In[7]: plt.plot(x, x + 0, linestyle='solid')
plt.plot(x, x + 1, linestyle='dashed')
plt.plot(x, x + 2, linestyle='dashdot')
plt.plot(x, x + 3, linestyle='dotted');

# PRATUR T Y BT

plt.plot(x, x + 4, linestyle='-') # stk
plt.plot(x, x + 5, linestyle='--') # sk
plt.plot(x, x + 6, linestyle='-.") # k&
plt.plot(x, x + 7, linestyle=':'); # SCH4%

R PR AR —Fh R EE R 5 2, WA LUK inestyle il color SaftheH &2k, 1E-H plt.
plot() B —MELBE TS EAER (40 4-11 FioR) -

In[8]: plt.plot(x, x + 0, '-g') # Zkfascs:
plt.plot(x, x + 1, '--c') # HFOEL%k
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plt.plot(x, x + 2, '-.k") # B 5k
plt.plot(x, x + 3, ':r'); # Z[fasgiiss

4-10: NENIEHLR

B 4-11. BREHNILEHEIONE
X S PR 6 U D /& RGB (Red/Green/Blue) 5 CMYK (Cyan/Magenta/Yellow/blacK)
gt RGP bR S, B TR EaEE,

WA RZ H b R BRI B 28, B TIRE ZR94075, EIURA IPython AYHS
B THAE plt.plot() BRI SCR (FEEIES I 1.275),

4.3.2 FABER. LiriETIR

AR Matplotlib 2% H 2l A VRAY BT B Bl H AR ARfh b TR, (B AN B E AR L
TERATRES AT VAR A bR b T BRE AL AT TS i ple.xUin() Al plt.ylin() (4nl&] 4-12
FR)

In[9]: plt.plot(x, np.sin(x))

plt.xlim(-1, 11)
plt.ylim(-1.5, 1.5);
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4-12; MR ETIR
AR VR AR T R AR T R, IRl DA ik B ARG ZI (A (AnfEl 4-13 R -
In[10]: plt.plot(x, np.sin(x))

plt.x1lim(10, 0)
plt.ylim(1.2, -1.2);

4-13: YHFBARELR

WAH—ANT R plt.axis() (B A E 5 axes fl axis), il £ A [xmin, xmax,
ymin, ymax] Xt REUME, plt.axis() HEE T LALLM —f7REIEE x fly WARE (40
4-14 FioR)

In[11]: plt.plot(x, np.sin(x))
plt.axis([-1, 11, -1.5, 1.5]);

plt.axis() REMA R A b4k, B3k v LAk BTN 2 B shilsc Ak bR, B2 1 Xk
(hnE 4-15 FiR) -

In[12]: plt.plot(x, np.sin(x))
plt.axis('tight');
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o 2 4 [ 8 10

4-14. BB plt.axis IREMH E TR

05 /
oo
05
-1.0
0 2 4 [ E n

B 4-15: “WR” TERH

PRIB AL E IR R, Blanik e BB EIE PR 11, x Al KBS y fil
ALK RS (B 4-16 FioR) -

In[13]: plt.plot(x, np.sin(x))
plt.axis('equal');

-3

B 4-16: “18%" fERHI, DPERN 111
FT plt.axts() Tk EAbRAh B FERFIALE £ ThRE, 2% plt.axis() B SCRY.

A

202 | FaE




4.3.3 ZEBRERE
AN G —E o B R BN Bk B EARE N 7. B, ABbribbrd. &5 B,
E TRl 5 AL il A B B B RIAR S, DOl I% B G T (A 4-17 BoR) -

In[14]: plt.plot(x, np.sin(x))
plt.title("A Sine Curve")
plt.xlabel("x")
plt.ylabel("sin(x)");

A Sine Curve
10

05

ain{x)
o
=

-05

4-17: BT S LITAATE

Rl L o L S BOR AR X SepR B AL E . K/ NI . AESRECE LG R, 1E2%
Matplotlib SCASFIAT b7 B £ O RE 7 SCRY

TEBA bR BB oR 2 2k, I 1B 6] B ndg SR SR IR A 8 7575 . Matplotlib N . T
— AR PR A 5 2, ATDA SR G B, ARske (i THIREsEE] 1) plt.legend(), &
R AV R B B BRI, BIRGEAE 2 AE pLt.plot % ] label 2HA T 52k 1k
B hrE R R (A8 4-18 PUR)

In[15]: plt.plot(x, np.sin(x), '-g', label='sin(x)')

plt.plot(x, np.cos(x), ':b', label='cos(x)')
plt.axis('equal')

plt.legend();

-2

-3

4-18; B
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REKIL, plt.legend() BB KR AR VAR E S M, . B HSYICHL, ¢ Tadid plt.
legend() X B EIBIE ZEE, S HMMAERTF ., B, BAGE4I8 TN AEL
AT i BT

Matplotlib B&R#

BARLK S 50 plt KT VL A B R ax 7= (4= plt.plot() — ax.plot(),
plt.legend() — ax.legend() ¥), 122 FIEFA G ST AXAME R, LEZ R RiL
B LTI, AT A B AR S, KA A £5), —% MATLAB
RAk G 77 kA @ W3 Rooy ik 09453 Ae T T
plt.xlabel() — ax.set_xlabel()
plt.ylabel() — ax.set_ylabel()
plt.xlim() — ax.set_x1lim()
plt.ylim() — ax.set_ylim()
plt.title() — ax.set_title()
ARG ZET BN, REREHARNXELK, BF KA ax.set() Fik—RIH
EETR O EMERE L HETE (B 4-19 FF) -
In[16]: ax = plt.axes()
ax.plot(x, np.sin(x))
ax.set(xlim=(0, 10), ylim=(-2, 2),

xlabel="x"', ylabel='sin(x)',
title='A Simple Plot');

A Simple Plot
20

ain{x)
o
=

4-19: A ax.set() HE—RHEIREMENREE

4.4 HHBRE

F—FhiE B A2 1 S s Bl (scatter plot) , SEIEIEIZRALL, X R AT HZ B %S,
e RS AT AR, B B SR TP ARAG . AR [RI AR5 24 /E. Notebook HI- S A BRI :

In[1]: %matplotlib inline
import matplotlib.pyplot as plt
plt.style.use('seaborn-whitegrid')
import numpy as np

A
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4.4.1

Hplt.plotiEH = &

E—T5r 47 H plt.plot/ax.plot €I B 5 B:, BLAE FH I 28 b Bk mi g B (4nlE

4-20 FiR) -

In[2]: x = np.linspace(0, 10, 30)
y = np.sin(x)
plt.plot(x, y, 'o', color='black');
10 - -
. . . *Te
L ]
. L ]
o5 hd -
. L ]
L ]
L ]
00 ) L]
L ]
L ]
L ]
0.5 *
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L ]
d L ]
-1.0 o a
o 2 4 i) B8 10

4-20: HRB

BB ZASHOE T, FoRBEEMSFSIRE, SRZzaA - - RESEKRE
PERAL, X EERRICRA G SN, A 4 S AR AT LATE plt.plot SCRY A S,
R L 27 Matplotlib FUTELESCRY . 2005 BUEARICARIE S B, Fedi 11X B R—50
sy (AN 4-21 FiR) -

In[3]: rng = np.random.RandomState(0Q)
for marker in ['o', '.', 'x', '+', 'v', At
plt.plot(rng.rand(5), rng.rand(5), marker,
label="marker="{0}"'".format(marker))
plt.legend(numpoints=1)
plt.x1lim(0, 1.8);

(]
)

<|, l>': ISI’ ‘d']:

10
¢ : .b ®  marker='o'
. mn _. = . marker=""
08 © marker="
- marker="x"
. % Tvoe ) + | marker="+"
e v | marker="v'
v r . . A | marker="~
04 - - 4 marker='="
N 4 + > marker=">"
v E « v B marker='s"
02 m " v L ¢ marker="d"
> A e “
0ol B = 4
oo oz 04 06 o8 10 12 14 16 18

4-21. AANBIATIC
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XEARIDIA R LA 52545, B Rad Adsk, mith—&&EEuimg (AnE 4-22 Bior) -
In[4]: plt.plot(x, y, '-ok'); # Hzk (-) . HE (o) . BE (k)

10

05

oo

-05

B 4-22. ABLR5HS
Boh, plt.plot THFF L BB L SLMELS B2 (A 4-23 FR) -

In[5]: plt.plot(x, y, '-p', color='gray',
markersize=15, linewidth=4,
markerfacecolor="white',
markeredgecolor="'gray',
markeredgewidth=2)

plt.ylim(-1.2, 1.2);

o 2 4 [ 8 10

B 4-23: BEXNEAFEEN
plt.plot AR RiG, wLAME & FORER AT LEC B R, ST E A B 1 52 34
i, 1i52% plt.plot J(HY,

4.4.2 Fplt.scatterEEl s E

T —A- AT LRI S B A R B plt.scatter, 'BIYThREIRF AR, HHE:S plt.plot (&
KL (ZnfE 4-24 Fow) -

In[6]: plt.scatter(x, y, marker='o0"');

A
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4-24. BFHRB

plt.scatter 5 plt.plot (W ZEFIFET, AiE1E AR A BN AR E &Y REM, "L
R BSOS SEARICE, hATLEBABos BA AR EMYE (b, Rrgia, b
HEB 55 )

TR G — LSS R, B AA &R e/ N NOEUS, b TREE 4P R E &
5y, F alpha 2HCRIHEEHE (4 4-25 FoR)

In[7]: rng = np.random.RandomState(0)
X = rng.randn(100)
y = rng.randn(1600)
colors = rng.rand(100)
sizes = 1000 * rng.rand(100)

plt.scatter(x, y, c=colors, s=sizes, alpha=0.3,

plt.colorbar(); # W RFi(ais

B 4-25: HRBRBPHEREKR)N. ABIEHE

R, Hit 3t it s (color scale, @it colorbar() WoR), BUSHIR/NAGE
BN, AR, BUSAIEIE S RO T AE AT BoR S AEEARIE R T,
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i, WTLAM Scikit-Learn #2/7  BUHHI & 2 AL (iris) BARRE/R, CHEA =FMEEL,
AFAR ML, HAEW (petal) 516 (sepal) HURKJESTLEAZ TAF40MIE (4N
] 4-26 Fi7R) -

In[8]: from sklearn.datasets import load_iris

iris = load_1iris()
features = iris.data.T

plt.scatter(features[0], features[1], alpha=0.2,
plt.xlabel(iris.feature_names[0])
plt.ylabel(iris.feature_names[1]);
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4-26: AHREEXNSEANFEHTRD

Bl B T ALEFRATT RN 6 B4 (R 4k BE A ROHE . B s ARARIE (x, y) 20 BIFROR ALK
FHSERE, AR/ DFORIEMTERE , =R B =M RIS 2L, XKL Hit
5 ZRHER R B E RS SEUREdRN IR A .

4.4.3 plotgscatter: EXTEL

plt.plot 5 plt.scatter [ THHE LIV ZESR 240, WH T A e EVR? fE5
RN, WEESR EERA K, B2 M EdR 2 KBL TS, plt.plot
AR KRR T plt.scatter, iXA&H T plt.scatter 5% BURBEAT BRI R /N S 81
EY, RIE Y s STHFEE ZFHR . ffE plt.plot i, HAUEARS IR HI, Fit
BARERER A AEa, RS RTEERE K, BT X PG RN B R RIS SE
AIRKIHEREZE R, DI KRR SERT, plt.plot Jiiikk plt.scatter J5iktf,

4.5 TAIRLFELIE

S A Al — BRI G Bk U, A i R R R S AR T L A, R RO
KRB RTEELE, 0T, BT R R SO TF B (5 %0 % % (the Hubble
Constant) ——HR{n[ FP A 2 AH X HhERGR AT SR B py bb(E, Fednid H a2 INE KRS
/& 71(km/s) / Mpc, M B AR EEMIERIER 74(km/s) / Mpe, A4, FRAVIIEE /{5
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Mh AR OURIE — b, AN AT REIE A2 5 AT (5 HY

(R AnFRBLALHE T B8 vl REAFAERI AN B E M . 24 BTAY 23 A R 71 +2.5(km/s) / Mpce,
T FAIM AL AE 74 + 5(km/s) / Mpe, AR ABAEFRAVEAE 528 N E—BD? X4 [l Al LA
SE A FEREAT I

FERAE TALE &5 R BT IR ZEA RO Bon ok, s rT DR B 0 IS B,

451 EXIREEZ
HARZEL (errorbar) ATLLE LA™ Matplotlib EECROIEE (40 4-27 FizR) -

In[1]: %matplotlib inline
import matplotlib.pyplot as plt
plt.style.use('seaborn-whitegrid')
import numpy as np

In[2]: x = np.linspace(0, 10, 50)
dy = 0.8
y = np.sin(x) + dy * np.random.randn(50)

plt.errorbar(x, y, yerr=dy, fmt='.k');

4-27. RELK

Hodr, fmt g — R Hil g S S M DA% I, 1B plt.plot I4R BAUADAHTE], ¥
EES 4.4 75,

B THAE Z 4P, errorbar IBAH £ M EE RAVET, Hl X LI, FRATEA
¥ HE R ZEL BRI L E MG, FRIL0E, THRZELAEFE L EE SR AR — A sk
RAAREAF, RHRERE B ENEIE S (40 4-28 FioR) -

In[3]: plt.errorbar(x, y, yerr=dy, fmt='o', color='black',
ecolor="'lightgray', elinewidth=3, capsize=0);
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4-28: BENREL

B T X ST 240, (B AT LR BAKCE T IR 2228 (xerr), BAMHR 2% (one-sided
errorbar), DAMHABIERIVIAZEL:, X TIRZELNIE L%, 1E2% plt.errorbar LT
XY,

452 EFIRE

A AT RESE B RIS A B IR 72, B SR Matplotlib 45 PN B 1 18118 5 7 T DA SR o ix />
[A)L, {HAZEd plt.plot 5 plt.fill_between SRAFHJ A RIRHE,

A6 H Scikit-Learn £2 7 4 AP Bl — /A W LA S #Tid #2 |1 )3 /7% (Gaussian process
regression, GPR) KiH Rk, X A& H—FARE RIGENIAES405F (nonparametric function) %
WA ANEE R ESN S AT A B G 3. X AN S TRAN 28 3 Wk #2 B0 5 5 0 Lk
N, TP B A S AT A 1

In[4]: from sklearn.gaussian_process import GaussianProcess

# o SRS 2 ) 5

model = lambda x: x * np.sin(x)
xdata = np.array([1, 3, 5, 6, 8])
ydata = model(xdata)

# LR R A AR

gp = GaussianProcess(corr='cubic', thetab=1e-2, thetal=1e-4, thetaU=1E-1,
random_start=100)

gp.fit(xdata[:, np.newaxis], ydata)

xfit = np.linspace(0, 10, 1000)
yfit, MSE = gp.predict(xfit[:, np.newaxis], eval_MSE=True)
dyfit = 2 * np.sqrt(MSE) # 2*sigma~95%¥ =X [A]

WE, BAVBRIFT xfit, yfit fidyfit, RonBIBMESIAER. BE, WX
SeRRE A plt.errorbar BREL, (HARFRAIHA R EMIES 1000 S8 S m_E 1000 iR 7
2%, /R, AILLEELE plt. fill_between HA ik B iR IR ELIRZL (AE 4-29
FiR) -
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In[5]: # JF& R Tt
plt.plot(xdata, ydata, 'or')
plt.plot(xfit, yfit, '-', color='gray')

plt.fill_between(xfit, yfit - dyfit, yfit + dyfit,
color="gray', alpha=0.2)
plt.xlim(0, 10);

B 4-29: BEXEERRTELRE

THERE, BT FUl between pREBCE D . HILMHEA x BAEARIE, RIGTEA y TR LL
By S BIDS, XFEREAN DU R ZEER I T,

MGG R BT b el DA R B H i 0 A2 [ V305 AU A OO AR A R A X3,
R BIRBAVLR, WARZEIRE /D, AR EGL KA MfEL BAEAS sl X, B
IR, REAWIHK,

FAIREUE £ 56T plt. fill_between() B%y (LAK'ES plt. fILLQ) MEHELR) ETIE
B, WlS% RO SE Matplotlib SO,

BJETE— M, ARVREFX A S BUE SR Z M KR MG, WLAE% 4.16 11, KIS TE
B AT 44 Seaborn FEFFAL, B T — AN N FERY APL R SCHLELEIREL

=R A
46 FEESESZ%E
AE Gt S i 2 B S 6 Bk R R AU & AN EE Y 57 . Matplotlib $i fit
T =AHRBOR R Al . F plt.contour [%F 2k 1&l . H plt.contourf i H 7E (4
Mm% B (filled contour plot) AR, H plt.imshow B REE, XATRHIX =A%
B—LER ], BT FF— Notebook, HR 55 A I 2] 555 FH 4 66 5K«
In[1]: %matplotlib inline
import matplotlib.pyplot as plt

plt.style.use('seaborn-white')
import numpy as np
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=HRBHI T
HHRHEE z = f (x, y) SR — S B, BTG4, (R 2.5 TEaN4A
if, YR REEH R R PhEE) AEA K

In[2]: def f(x, y):

return np.sin(x) ** 10 + np.cos(10 + y * x) * np.cos(x)

L EFTLLH plt.contour IBCR B, BFRE =S8 x fh. p 3. z Fh=4 4R
HETRAS B, x BhE y SFORETE R IALE, Wz fheiE S S gCckFor. M
np.meshgrid A 4ok M A5 X SE AR wT BB A B (81 FLAY 5 3, BRI DA — 4B 40 A e 28 W 4%
i -

In[3]: x = np.linspace(0, 5, 50)

y = np.linspace(0, 5, 40)

X, Y = np.meshgrid(x, y)
Z = f(X,Y)

BUERBEARMEN ST Bk B (A0lE 4-30 FR)

In[4]: plt.contour(X, Y, Z, colors='black');

S

.

4-30: BSSLAEUMC=4LE

TR, HEEH AEH—FEar, BINMERESFoR M, EHSSSFEIRIE
. 5o, PRATLA cmap 280 B — AR ARG T 5k B & UBUE .. IR LALEE 2 L
KB RA RGN — T O BRS04 20 fy, SRR HARRIEIGR”R (A 4-31
R -

In[5]: plt.contour(X, Y, Z, 20, cmap='RdGy');
BUAE(E ] RdGy (4 — Ak, Red-Gray MU4E5) B )55, X% FEdmdE b B Rl b

4, Matplotlib FHEH# FE AL €5 %, IRATLA(E IPython HLJH Tab X %T plt. cm itk 3t
ISADIEAS

plt.cm.<TAB>
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4-31:. B BESLUMC=4L1E
BARXIBEEBREEE L T, HAELSZRIRIBEREA SR . FATaICLET plt. contourf()
RECRIAT S K (FEEESEA TR 1), BRYIESF plt. contour () A& —FEMY,

BYNERTLLE T plt.colorbar () fir 4 H 3 Gl — />R BRI & Figi (0 AR 215 B 6
% (& 4-32 pioR) -

In[6]: plt.contourf(X, Y, Z, 20, cmap='RdGy')
plt.colorbar();

4-32: TERBHN=UIETNLE

WG S AT LAE A, ROXEGE “PIET (peak), LLGXEGR “BAT (valley).,

BB EA — AR MANBENIH T, s EERA Rl TSR, NEllaTé.
XA T E A AR B RO ARE SR R, X AR TR AR EOR . RMAR AT
I R ECR IX B AR 2R RULX AN 8, H R LR I BB RE S IR AT
54 Matplotlib 4455118 Jedg— R R k. HSoA EAFAIMGD:, IBhadid ik plt. inshow()
BRI BCRACER, & nl DLRE R 2 e e il A

Bl 4-33 AL T AREDHY A& A .

In[7]: plt.imshow(Z, extent=[0, 5, 0, 5], origin='lower',
cmap="'RdGy"')

plt.colorbar()
plt.axis(aspect="'1image');

HAE, ) inshow() EREIF A —LEiE =T,
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o plt.imshow() ANFFMH x HlF0 y FhEHR I E WK, M40l extent 22401% & EE
HIARFRVEEE [xmin, xmax, ymin, ymax].

o plt.imshow() BRINGE FHFRUENI EITEEAL 2 S, st R T4 B (IS EsEn2&antt),
AR AR 2555 2k B AR U2 T A X — RUAE o IR BOHE B B e 4 20 R 3

« plt.imshow() <% H 2 VA % A bx Bh 09 RS B DLof b7 B4l 7. R T DLl o ple.
axis(aspect="1image') K% & x 5 y FlEAL,

5

= 0
avs
4
050
E] 025
000
2
-025
-0.50
1
-075
o
0 1 2 3 4 5

B 4-33: EMER=HMENVER

wJFRA A ATRES MBI T5 ik, b a & SR A RA Ak, fla, aRFEMNE
U ANIE 4-34 ORCR, RN —EH R LB AR (WL alpha 24 EIE
WIRE), 555 —i@Ashrfibfm] . B AR 2 i 5 e £k B & A2 (] plt.clabel() ER%L
KAL) -

In[8]: contours = plt.contour(X, Y, Z, 3, colors='black')
plt.clabel(contours, inline=True, fontsize=8)

plt.imshow(Z, extent=[0, 5, 0, 5], origin='lower',
cmap='RdGy', alpha=0.5)
plt.colorbar();

B 4-34: £HEE LN LCHAETENSESK

% plt.contour, plt.contourf 5 plt.imshow X =/ Ak 25, T 7 H 4
i = 4EHAR A TCR W RE, X EEm B E 215 8., ISR ARE T SO Aniiot =
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R TR, 1§20 4.14 75,

4.7 SURBEFE. #IEXERSMSGEE

— /™1 Sy Rk B 5 AT DA B AR AR SR 0 R AF . (ERTTEAI AN &, Fei1 Wt T
Matplotlib FJ85ivk B 5 % (BEETES W26 ), RESA TEHENEE, RAH—71~
gk W] LG — A 18 B sk B 5 B (anlEl 4-35 Fiow) -
In[1]: %matplotlib inline
import numpy as np

import matplotlib.pyplot as plt
plt.style.use('seaborn-white')

data = np.random.randn(1000)

In[2]: plt.hist(data);

250

o

.

4-35. — 1 RAIZHRAREHB

hist() A 12 FoR AR TR B B R SCR BE T, & — A A~ AL r sk B &
(40P 4-36 FiR) -
In[3]: plt.hist(data, bins=30, normed=True, alpha=0.5,

histtype='stepfilled', color='steelblue',
edgecolor="none"');

045

040

035

030

025

o020

015

o100

005

o000
—4

4-36: BENBVARET
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KT plt.hist [{E SGETE 2 NEEBE CHRR T SR . & B SR B 5 B R
Sy AFFERIFEA A TR LLIE, o histtype='stepfilled' 5iZ Bk B 24 alpha #5 L (]
HICRART 4F (AnlEl 4-37 BoR) -

In[4]: x1 = np.random.normal(0®, 0.8, 1000)

x2 = np.random.normal(-2, 1, 1000)
x3 = np.random.normal(3, 2, 1000)

kwargs = dict(histtype='stepfilled', alpha=0.3, normed=True, bins=40)
plt.hist(x1, **kwargs)

plt.hist(x2, **kwargs)
plt.hist(x3, **kwargs);

06

05

04

03

0z

o1

oo
-

—4 -2 o 2 4 [ 8 10

B 4-37: EANFHNNZ TIINES B

AR R A T Rk B B G TR B D TR I REAS 5 ), i A A8 i B B o
B, AL FLLIE A np.histogram().
In[5]: counts, bin_edges = np.histogram(data, bins=5)

print(counts)

[ 12 190 468 301 29]

SR E A B SHEXEX S

SR AG R — 2k B 2H 4y b X TA) G — A0 vk B B — 4, el T T LR — 452 4 1 — 41X
[5TBi R 7 7 A =t (7 18 = Wy I N TR A =22 D L W R =t (07 ) = Wl A L O
B4, H—1%2tEW4 A (multivariate Gaussian distribution) B x #15 v #hFEA
B -

In[6]: mean = [0, 0]
cov = [[1, 1], [1, 2]]
X, ¥y = np.random.multivariate_normal(mean, cov, 10000).T
1. plt.hist2d: “HSREFE
] SR BT 1 e 1R B 75 3k 2 3 F Matplotlib (Y plt.hist2d p&% (Znf&l 4-38 FiioR) -
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In[12]: plt.hist2d(x, y, bins=30, cmap='Blues')
cb = plt.colorbar()
cb.set_label('counts in bin')

counts in bin

-2

-3 -2 -1 o 1 2 3

4-38; FAplt.hist2d BHE _AIAXEHE

5 plt.hist FH—#FE, plt.hist2d WA YF LI EE SRR EC BT, F4HRNEER
EREFFICREFR, BN, mif plt.hist H—A RHFE R A E EIAY np.histogram 4 —FE,
plt.hist2d (I EAKGE np.histogram2d, H AN TR

In[8]: counts, xedges, yedges = np.histogram2d(x, y, bins=30)

FeF UL BRSO B X R R T i EAR N, 1527 np.histograndd 50 FR 7
e =

2. plt.hexbin: 7NIHFKEKIS5

TR R T B S AR BRARAE 2 W T B sy B R, B A —FhE A S g HIE N
JE45 %1, Matplotlib $2£fiE T plt.hexbin #i & b2k, B 4efdntE Rk (anE
4-39 FiR) -

In[9]: plt.hexbin(x, y, gridsize=30, cmap='Blues')
cb = plt.colorbar(label="count in bin')

4 & 3 o B
count in bin

4-39: Fplt.hexbin B E _AAXNEHE
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plt.hexbin [ElFE AT — KHMEABBAYAC BE T, WA A A B AR EAFRIACE, LR
5 NumPy BRSO AL AR BIg R (RCEIGE ., AriE2EE485) .

3. REEMIT

A —FPE Al 2 48 BOHE o A % YR 5 B2 4% Z B R 1T (kernel density estimation,
KDE), FAVEAE 5.13 FT1E4N e X B, BLIESE R i st is s 4anfil FH KDE 5% “#
7 22 (A B RO A AL, DA — R Y R B, (E scipy.stats B R LA —
AT Bt HY KDE SR, T e Fax AN 5 R B on ] (2nEl 4-40 FioR) -

In[10]: from scipy.stats import gaussian_kde

# W EBHLEE [ Ndin, Nsamples]
data = np.vstack([x, y])
kde = gaussian_kde(data)

# xR B Bt g A T A

xgrid = np.linspace(-3.5, 3.5, 40)

ygrid = np.linspace(-6, 6, 40)

Xgrid, Ygrid = np.meshgrid(xgrid, ygrid)

Z = kde.evaluate(np.vstack([Xgrid.ravel(), Ygrid.ravel()]))

# AR

plt.imshow(Z.reshape(Xgrid.shape),
origin="'lower', aspect='auto',
extent=[-3.5, 3.5, -6, 6],
cmap="'Blues")

cb = plt.colorbar()

cb.set_label("density")

[
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2
0080
o an7s &
2
ooeo ¥
2 0045
0030
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0015
-6 0000
-3 -2 -1 0 1 2 3

@ 4-40: F KDE RTDHBE

KDE J5 it SRR R 56K E  (smoothing length) fEDLA R B I dERfAME 5 i 1 2
B VR B (TEAAE R 2 575 Z RV BLE R — /1) o RRFRFA 24 A F- 045 T8
JE SRR E MERY 2, gaussian_kde i@ ik —FP 2208 5 v 1 R 2 A B i K B T A
AL fE,

218 | H¥4E



{E SciPy B A= &5 R 48 B A H Ak 1) KDE J5 ;52 8, Ml A E A & B ek 2i, fi
4n sklearn.neighbors.KernelDensity f[1 statsmodels.nonparametric.kernel_density.
KDEMultivariate, H Matplotlib it KDE fy ] #R {1 il FE ELES B8, Seaborn F2J7 /4 (i
THIEZ I 416 77) 24t 7NN HE Y API R G T KDE Ry #LEIE

4.8 g E E

AE R EIE RG], waTDCAAR R EIIE CE 0 Bebr 2. R i/ 28 1 4o oy 61 2 i B
HIE G, BLLERA 28 4n{al{E Matplotlib Hr [ & S IR E 5 AR KK

AL plt.legend() fiy 4 Gl B R B RV 5], 24 H sh el — /M & A B B
B (4N 4-41 FiR) -

In[1]: import matplotlib.pyplot as plt
plt.style.use('classic')

In[2]: %matplotlib inline
import numpy as np

In[3]: x = np.linspace(0, 10, 1000)
fig, ax = plt.subplots()
ax.plot(x, np.sin(x), '-b', label='Sine')
ax.plot(x, np.cos(x), '--r', label='Cosine')
ax.axis('equal')
leg = ax.legend();

— Sine
— - Cosine ||

2+

3|

4-41:. BHINFIARE
&, AT B G T Z AP B E . Flan, BT ERGIALE, FHE
THIMOHE (4nfEl 4-42 FioR) -
In[4]: ax.legend(loc="upper left', frameon=False)
fig
BRI neol 240k B BIGIRIARZ 515 (AnlEl 4-43 FioR) -

In[5]: ax.legend(frameon=False, loc='lower center', ncol=2)
fig
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@ 4-42: — P EENHED)

2+

3 — Sine — - Cosine

4-43: DARSINEHI
WA LCH EGE SCIR fii e (fancybox) ., HEINPBARS . SZESMOHEFE B (framealpha 1),
sE A SCTRIME (Al 4-44 FoR) -

In[6]: ax.legend(fancybox=True, framealpha=1, shadow=True, borderpad=1)
fig

4-44. BAILENSHI
FTRIGIE L EEER, 1H527% plt.legend fLF3CHY,
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4.8.1 #“EERGIERHTE

EMNELEws, EHISBINDRIATTEIRE . RIRABE R, LT — 2
T fiiy & KA E SR B B MR LE T AR 22 . ple.plot() A& ATLA—ik Qi £ 452k, iR 1A
ZARKBIINFR . —FiTT ik TR R BRI A A plt. legend(), H—FlTsidid AT #E
FEFE G BRI R IR BERRE (AN 4-45 FoR) -

In[7]: y = np.sin(x[:, np.newaxis] + np.pi * np.arange(0, 2, 0.5))
lines = plt.plot(x, y)

# linesAS = —4Hplt.Line2D=L{f]
plt.legend(lines[:2], ['first', 'second']);

10

Y LY
— first
— second
05+ f
00
=05
1 ke f L b
o 2 4 & 8 10

4-45. —fhEENX B RILEEFITRNTGE

RSk, TR IE—F5 i B IS, 245 m LR TR B BRI e R IR BEARE
(hnE 4-46 FiR) -

In[8]: plt.plot(x, y[:, 0], label='first')
plt.plot(x, y[:, 1], label="second')
plt.plot(x, y[:, 2:1)
plt.legend(framealpha=1, frameon=True);

10

T -
p — first
— second

05+ f
00
=05
1.0 L L L i

o 2 4 & 8 10

4-46: H—MEENXERMLBAITRNDA
T EEERE, BN OLT B B2 2R AR LEA T bR 2RI TR
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4.8.2 HEEGIHPERARRTH S

A, BRI B GBI R RER & Fe TR aT ARG R . Bilan, PRelRERR ZEHIANRIR ST HY Rk
FORBARHIRAE, T H. A 22 OUEX AR A B iR S X LR, T T AR (14 R R R
FWISE ENMA RIS T BN P An R3S — il A e RST R A B oR AN RN 8
SERAE G, TG R — LB R bR R SEBLX AR (AnlE] 4-47 R

In[9]: import pandas as pd
cities = pd.read_csv('data/california_cities.csv')

# PSS GERAV R
lat, lon = cities['latd'], cities['longd']
population, area = cities['population_total'], cities['area_total_km2']

# FAASTRRHRg G r iR B Ron o, (R R irbs %

plt.scatter(lon, lat, label=None,
c=np.logl0(population), cmap='viridis',
s=area, linewidth=0, alpha=0.5)

plt.axis(aspect="equal')

plt.xlabel('longitude')

plt.ylabel('latitude')

plt.colorbar(label="1log$_{10}$(population)')

plt.clim(3, 7)

# I G —A B
# LR AR ST s AR
for area in [100, 300, 500]:
plt.scatter([], [], c='k', alpha=0.3, s=area,
label=str(area) + ' km$72$')
plt.legend(scatterpoints=1, frameon=False,
labelspacing=1, title='City Area')

plt.title('California Cities: Area and Population');

California Cities: Area and Population

7.0
City Area
6.5
425 Coe ® 100km?
8 6.0
*r e . ® 300km?
ar - 1 55 5
u e @ so0km i
fa . . N BX
= o} : =
-, :':g‘ 45
5| .{.. ’ | g
L B y ® 40
ul ]
: e 35
L3
3.0

32 L L L L L
-126 -124 -122 120 -118 -116 -114
longitude

B 4-47. ZENNSEHOMIRNE. BRONADHE

T B B A BT o R 2 IR, B An R 3 T R IEFIRR e 75 SR e H ok
HRAfEXAREIH, FRATBERXS Ok aRE) HFAERES, B elTizEs%kR

22 | FaE



FEHk, BFREERNE, EFIRSERTRENITTER.

h Y X e B R ) E TR, %E%Eﬂ'ﬁxﬁﬁk PAMEE G LAR R EAT, X FE
SR T A E i gk A BRI (5 B T o XA SR G 5T 2 nT AL BTRARG 28

B EEEENR, EABX M BRI, A0 R AR A b D A sl H At b 1B e 25
WiE Rk, BLAEERSEIMEER, Matplotlib #J Basemap (JICHE) itk T HAAA A=
X PR R R, FRATPRAE 4.15 T4

4.8.3 RIFTEREZAEH

i, FATATREF EAER kK LR oRZA K, A, H Matplotib ffgkix /> [a] @ FH: A
By, Bl FRIER) legend $2 1 HREA — ik B QI —AN BB, 2 RAEH plt. legend()
B¢ ax.legend() ik QIS A B, AL A BBt SwER. 2, JA1TLLER
i MK FF A B — A B I E AR K% (legend artist), 2R )5 FHIEER (lower-level )
ax.add_artist() JihAEE _EHRIE —AEF (A 4-48 FiR) -

In[10]: fig, ax = plt.subplots()

lines = []
Sty].ES—[ e, |,.]
X = np. hnspace(e 10 1000)

for 1 in range(4):
lines += ax.plot(x, np.sin(x - i1 * np.pi / 2),
styles[i], color='black"')
ax.axis('equal')

# WBE B ERI AR E
ax.legend(1lines[:2], ['line A', 'line B'],
loc="upper right', frameon=False)

# QIR A B, litadd_artisth ki msE kL

from matplotlib.legend import Legend

leg = Legend(ax, lines[2:], ['line C', 'line D'],
loc="'lower right', frameon=False)

ax.add_artist(leg);

2+

3|

4-48. HREHIHLE

Matplotlib##E T ¥4k | 223



FUg/MR T — F A5 Matplotlib ETERIRZ B FIER KRS, aRREF 1t ax. legend()
EI’J{J?PCEEB (B A28, {E IPython Notebook B[ f ax.legend?? 3k W RiIFARL), mi&k
BUX A e BE o JL A& A BB st O T — 4 Legend BB Z AR K M5, SRIGHEIRAFE T
legend_ JEVEE . METEMEHR 2S5, StrTLLREHAZE G S B L.

49 FEEHRE

el {5l ok B AR % R B B T 3R, 2R, AT TETEh bR arI R, &, HAa R
GRS, A 5 R TR IR BT fMatplotthﬁ B S5 — N ML A AR
Bh, WA EDE R BERI S L, BT ABRREENR], (R DAEAR AL (hips:/
github.com/jakevdp/PythonDataScienceHandbook) W #FH X — V1 EJEF G4, &Eib2
AT AR E E T A .

In[1]: import matplotlib.pyplot as plt
plt.style.use('classic')

In[2]: %matplotlib inline
import numpy as np

FOAEHT A B W) —4E, @it plt.colorbar eA %t Al LA GIEE B W B gita & (4nl&l 4-49
FioR) -

In[3]: x = np.linspace(0, 10, 1000)

np.sin(x) * np.cos(x[:, np.newaxis])

plt.imshow(I)
plt.colorbar();

600
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1000 L
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B 4-49. —MAZNALZEH

THEEN B Lo LA LB E v, LEREES e 1E N H T AR5,
491 BEHGAE

"L cmap S4CH BRI IR BF G &I A% (20 4-50 i) -

In[4]: plt.imshow(I, cmap='gray');

A
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4-50: —TRAREREHLEN®Y

A ] FHROEC ()5 ZZ4B1E plt.cm iy 23 1A BLYAT, 7E IPython BLi@ it Tab f#mt o] AR FE A
I E TG %
plt.cm.<TAB>

A TX AL EBIE DRI AT R AR P, EREENLSMTRE AR %] &%
HEREEE R T REFN /R — P2 A A R AA
1. EEEREAR
XTI AL BRI Gk B A5 TE HH TAR B 28768, LA R R T 5 Ao
FIATT50IR, "LAZ % & “Ten Simple Rules for Better Figures” (http://bit.ly/2fDIn9J),
Matplotlib [ 7E £ 3C#4 b A 3¢ T i € 7 K F  A #1234 (htp:/matplotlib.org/1.4.1/
users/colormaps.html) ,
— MG, R RREE ST A RIE A %,
Wl AT 3

H— RS A I EL 6 5 % (5140 binary B viridis),
LR ETE

W PRI AN AR, FoRIE R RS S (6140 RdBu B Puor ),
FRICT A S

BEALIG I —5 e (40 rainbow 5 jet),
jet A —FEtEic 5%, & Matplotlib 2.0 Z R A MAIIBIANEL 5 %, 1B'EENER
INBL T RRAEARN T T, B ER 6 T5 RAER MR 4T AT AL i B 23 1)
EH AR, BEEEEREENES, 28 MBEE L3 5 aE,
AILLGE L jet #4404 B A R B EE R B AEE (A0 4-51 FoR) -

In[5]:
from matplotlib.colors import LinearSegmentedColormap

def grayscale_cmap(cmap):
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def

nn ||%ﬁaéﬁ%ii‘_¢)—£g@u nn
cmap = plt.cm.get_cmap(cmap)
colors = cmap(np.arange(cmap.N))

# FRGBA LA AN [ 72 FE I Ik FE 1

# 5k ttp: //alienryderflex.com/hsp.html

RGB_weight = [0.299, 0.587, 0.114]

luminance = np.sqrt(np.dot(colors[:, :3] ** 2, RGB_weight))
colors[:, :3] = luminance[:, np.newaxis]

return LinearSegmentedColormap.from_list(cmap.name + "_gray", colors, cmap.N)

view_colormap(cmap):
"I K B R R R B T
cmap = plt.cm.get_cmap(cmap)
colors = cmap(np.arange(cmap.N))

cmap = grayscale_cmap(cmap)
grayscale = cmap(np.arange(cmap.N))

fig, ax = plt.subplots(2, figsize=(6, 2),
subplot_kw=dict(xticks=[], yticks=[]))

ax[0].imshow([colors], extent=[0, 10, 0, 1])

ax[1].imshow([grayscale], extent=[0, 10, 0, 1])

In[6]: view_colormap('jet')

M

B 4-51: Jet KRBHESFEENHERE

TERMLGEAR JE Pl LRI e W IR 4 45 5. X L5 BB AU NI ST SR SUAE RS (O Pl oo oy —
BRAXE, mTaRREREIR SR T HEREE DA E LIS, SEURR 5 IR E
Mo BEAFIIELE TS FAE virtdis (B4 8k Matplotlib 2.0 FERIARL G5 %) . CRA THD
BRI T2, XA DUE TR SE ,  if L Ak B el Joth S i (An &l 4-52
FR)

In[7]: view_colormap('viridis')

4-52. viridis EBHENLTSE scale
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ARARE AR, ATLAM] cubehelix B a5 2k nl ML LA (4nl&l 4-53 iR

In[8]: view_colormap('cubehelix"')

4-53; cubehelix BB AHXRIDHNLTRE

BT HABRI S, (1402 B R R IE R RS SR, mT DA T RdBu (A IE 475 %
(4t - %, Red-Blue fEi#r). (HIEANE 4-54 s, MG, EAFKRIERBHEE
FEAR B P B AN 22501 |

In[9]: view_colormap('RdBu')

{

4-54: RdBUBBHENHERE

A PR AR S T BT PP ARER(E X LERL TS R

Matplotlib B i A 1 L Bl (4 )5 %%, 1E IPython BL1A] Fil Tab ## % plt.cm il mt vl LLE 2 B
BN . =T Python I&E L AN ZIEARFEN], wLAZ7% Seaborn £y FE R T H A1 SCAY
(PEIETEZ 4.16 11).

2. BB E&ZIENIRE ST RINGEMIZE
Matplotlib 2t T & B A KA EDRE. BT ATLURIE KA G (UETEZ—A plt.Axes
e, DS R TR BT R BT e T AR AR %1 B A k% oA BB AR AT AR B Y. Bt dk
LGB ER . Blan, FATeTUAGEEE G BUAN E TR, Tl ETBRAEHE, @
it extend 24 FH = MAFEAZFOREL R B LE RN, xR IR A, AR
MRk S B (AnlEl 4-55 FioR) -

In[10]: # kPTG 2515 B 1% 4

speckles = (np.random.random(I.shape) < 0.01)
I[speckles] = np.random.normal(®, 3, np.count_nonzero(speckles))

plt.figure(figsize=(10, 3.5))
plt.subplot(1, 2, 1)
plt.imshow(I, cmap='RdBu')
plt.colorbar()

plt.subplot(1, 2, 2)
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plt.imshow(I, cmap='RdBu')
plt.colorbar(extend="'both")
plt.clim(-1, 1);

[i]
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200 | 1 Bs
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1w00] _ | 25
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1000

L I L L
0 200 400 600 BOO 1000

B 4-55. REAQBRT BEMT

2233 ARhE P A FH RO PO 10 2 25 1) B BRI S B, M s TG s 2 TB 35 T AT 1 4Ry
B, MiALEIFE TEaEANZIE E TR, JEEETRZIMEM T RIEE, XHE
SOE S ERIE TR ASBIATE (Y SR &

3. BHMEHEE

BRI KBNS L, (HA VR W] REth 75 2 n BB . o 7 PR MG w2 £
plt.cm.get_cmap() BRI, P& ML (TG S/ A FRUL B T SR IX (A1 5 i (7 gk 2 Hpwl (4ni&l
4-56 Fi7R)

In[11]: plt.imshow(I, cmap=plt.cm.get_cmap('Blues', 6))
plt.colorbar()
plt.clim(-1, 1);

0y 10
- . 08
04
400 02
00
800 -02
'_ —04
oo [ -06
—08
1000 -10

B 4-56: BHEARR
X BRI SR A B A5 T TS AR ]

4.9.2 =fHl: FEHF
LRI T — A B S FTHLLEE, T RE A — MBS R0, R (E Scikit-
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Learn 1, WA 2000 ) 8 x 8 I F-BE w478 &,
e EEAE, SR H plt.inshow() X —LEEIEIEf TRl #fL (40 4-57 FioR) -
In[12]: # IEREFo~SH BT, X T RIHL

from sklearn.datasets import load_digits
digits = load_digits(n_class=6)

fig, ax = plt.subplots(8, 8, figsize=(6, 6))

for 1, axi in enumerate(ax.flat):
axi.imshow(digits.images[1], cmap='binary')
axi.set(xticks=[], yticks=[])

4-57: FEHFHA

BTN BT ERH 64 QBRI G (hue) 5L, BT U507 F B — 0T 64
HezZ A A, BV BEROR — /MR BRI R, (R A o wT AR A A Zan b i 4 B 1 25
AR R, —Fhfifde 5 S o PR R, TERV R PR B B PN 0 S I ) [ B
PACEARIISERE, BN~ >] (manifold learning) , M2 LI EFIMEENE, 5.1
TR RN 23X B4 SR

ﬁﬂﬂ%ﬂﬁsm ety SO P o S =V 0] W52 g e S P B e sy | IO 1 ey ] b o ma] E
& (BEFIES 5.107) .

In[13]: # FIsoMapl7 B 7P| —4k2sinl
from sklearn.manifold import Isomap
iso = Isomap(n_components=2)
projection = iso.fit_transform(digits.data)

Tl AT OB G ok Bonah R, TR ticks 5 clim ZHORGESIG SR (A& 4-58 FR) -

In[14]: # =&
plt.scatter(projection[:, 0], projection[:, 1], lw=0.1,
c=digits.target, cmap=plt.cm.get_cmap('cubehelix', 6))
plt.colorbar(ticks=range(6), label='digit value')
plt.clim(-0.5, 5.5)
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4-58: FEHFBAENALFIER

BB R BA TR T — R AR, Blan, %55 58 3 e A
KRERES, WW-LFE505 53 UKy, HikAoRRELERSEREN.
iR, B80T 0 SECFE 1, REEIT, BHIFE ARG, XR5EaR
WAFFE IR B, B2 550 3 Bkt 0 fn 1 4,

FATRAESE 5 TR IR AT B EFIRBIRAHR AN A .

410 %FHE

AIHBETTE N 2 A A B BAE 3EA T3 L . Matplotlib At i TF B (subplot) AU 1E
BRI B b [RIHCE — B N AR, X 26T rT RE & EI i (inset) . PSR (grid
of plots), B &M EE A RIER, fEx i, AT 28R Matplotlib G
TERIG . B, £ Notebook H-S A M B T B (AR 5 /4 «
In[1]: %matplotlib inline
import matplotlib.pyplot as plt

plt.style.use('seaborn-white')
import numpy as np

4.10.1 plt.axes: FEFEIEFE

B AR bR R LA I TG it A2 plt.axes B3, RITCEN T, XA REEIAGLE
A OV —APrIER A bR, SRR E, BB A RS 5, HETE AR RS IYAME
MI . XVUAME S BIFR R FR R GEHY [bottom, left, width, height] (JiCAEHFR. el
br. TCE. @), EMBUETEE L TA (A A0, AEMA1,
RS LAl —AErbmE, B LEEfx 5y KEHR 0.65 (A prihli A
P T B & 65% FUiRE 65% WIGLE ), SRR x 5y §RE] 0.2 (Huik 2 B AL prli 30
5w BECE A EITER 20%) . B 4-59 R TR EE R

In[2]: ax1 = plt.axes() # BRI\ALKREH
ax2 = plt.axes([0.65, 0.65, 0.2, 0.2])
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4-59. EPEAIIRED

AT 1) %o 2 1] 142 AR (DL Ay A Tig.add_axes(), FIIX /N4 QI A B B HEDI AL bR
B (4nEl 4-60 FroR) -

In[3]: fig = plt.figure()
axl = fig.add_axes([0.1, 0.5, 0.8, 0.4],
xticklabels=[], ylim=(-1.2, 1.2))
ax2 = fig.add_axes([0.1, 0.1, 0.8, 0.4],
ylim=(-1.2, 1.2))

x = np.linspace(0, 10)
ax1l.plot(np.sin(x))
ax2.plot(np.cos(x));

05

oo

-1.0
10

05

oo

-0.5

-1.0

=]

10 20 30 40 50

4-60: B EHDIBYLITRH
BAESR AT AR B A SR G A brfh (I bR A 2 ) « BB GR ALy S8R0k
0.5 (L) 5 N+ E x Bz BRI GRS y AAFR7A 0.1, @R 0.4),

4.10.2 plt.subplot: EZMEFE

EF R AT T R WA AT L AT 55, Matplotlib #i14 — e m] LG4 61 & & 1109
{8 k. BICER 2 M plt.subplot() 7E—A- Mg H Gl — 4T B, XN dE =
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NI SR —— A SO s F B AT 8. ZIECnZ S A, RKOUEM 1 Fih, WA EAF
AT ARKIER (AnlE 4-61 FiorR) -
In[4]: for 1 in range(l, 7):
plt.subplot(2, 3, 1)

plt.text(0.5, 0.5, str((2, 3, 1)),
fontsize=18, ha='center')

10 1.0 10
08 LIS LIS

sl (2,3,1) | 2,3,2) [°| (2,3,3)
04 04 04

0z 02 02

0'00.0 02 04 06 08 1.3'00.0 02 04 06 08 1.3'00.0 02 04 06 08 10
10 1.0 10

08 LIS LIS

sl (2,3,4) | (2,3,5) [°| (2,3,6)
04 04 04

0z 02 02

oo 0.0 0.0
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10

4-61; plt.subplot()

plt.subplots_adjust i 4 ml LLE % 7- & 2 [0l 09 A] Be, R T 1) b 42 432 E1 A9 iy 4 fig.add_
subplot() ATLABU/S [RIFEAYAR A (45 RanlE 4-62 FiR) -

In[5]: fig = plt.figure()
fig.subplots_adjust(hspace=0.4, wspace=0.4)
for 1 in range(1, 7):
ax = fig.add_subplot(2, 3, 1)
ax.text(0.5, 0.5, str((2, 3, 1)),
fontsize=18, ha='center')

10 10 10
o8 o8 o8
| (2,3,1) | | (2,3,2) | °| (2,3,3)
04 04 04
oz oz oz
oo oo oo
0002 0406 0810 000204 0608 10 00 02 0406 08 10
10 10 10
o8 o8 o8
| (2,3,4) | | (2,3,5) | *| (2,3,6)
04 04 04
oz oz oz

oo oo oo
0002 04 06 08 1.0 00 0204 06 08 1.0 0002 0406 08 1.0

4-62: THRFEIFHEEINEER] plt. subplot()

Fef 18T plt.subplots_adjust [1Y hspace 5 wspace 24 1% & 5 B i & 5 50 % — 21y 1B
FBE, BELAFEIORST A pr (FEARGF, A& 1 E 5 5 R 40%) .
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4.10.3 plt.subplots: FAA—1T{CRIGI M FZ

MPRFTR O — N RIS B, keI F R AR IR B oRta i 5 7, &Y
TRAE B N B x Sy FlAREIRY . H X —75eK, plt.subplots() SKBL T RAHZERY
e (FEHEBIAL subplots £5)2 % T/ s) . XA BRECAS A& F SR G B0/ - TEI 1Y, 1A
A—1ri el 2/~ FE, HRE—EEFEP NumPy 54, L#SEETR S5,
VAR AT 28 sharex 5 sharey, il BATTAI LA B AR 1 Bl Z BB & o

BV AR —A~ 2> 3 Mg, A7 3 41 B AR R y Bhelips, A1 2 A1
i FAAHIRIAY x Al b (ANl 4-63 FR) -

In[6]: fig, ax = plt.subplots(2, 3, sharex='col', sharey='row')
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4-63: plt.subplots() JI/EHRZ x B 5 y HM4R

Bt sharex 5 sharey 224 2 J5, ATk rILL A sh L MAR N BT BRIAREE, LEETE AR
KRR AR S 1 S IR ] 25 Rt — 4~ NumPy $2H, X Ak T DA Arof 9 £c2H
BUE TS s RS R As A%l 1 (N 4-64 F7R) -

In[7]: # ABRARBEAEIRAE— /S NumPy R, 3218 [ row, collBUE
for 1 in range(2):
for j in range(3):
ax[1, j].text(0.5, 0.5, str((i, 3)),
fontsize=18, ha='center')
fig
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oo
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oo
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B 4-64: BEMBDNTE
5 plt.subplot()' #HLk, plt.subplots() 5 Python ZZ5[M 0 JF4AHY IR F5—5L.

4.10.4 plt.Gridspec: LI EESZMHETIH

AR AR TLHUR N Y £ 47 2 51 7 B B #%, plt.GridSpec() A& &4y T H, plt.GridSpec()
IR AR — B, ‘& plt.subplot() My4 AT LARBIMIF S0, fil4n,
— AT AIRIBERY 2 % 3 MM A EC B AR 40 T s .

In[8]: grid = plt.GridSpec(2, 3, wspace=0.4, hspace=0.3)

A LA I 2 A0) Python P11 AT 1X B T EIRV AL EFY R RE (A0 4-65 FizR) -

In[9]: plt.subplot(grid[0, 0])
plt.subplot(grid[0, 1:])
plt.subplot(grid[1, :2])
plt.subplot(grid[1, 2]);

10 10

o8 o8
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0z 0z

oo oo
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0z 0z
oo

oo
L] 0z 04 06 o8 10 0002 0406 08 1.0

4-65; FBplt.GridSpec &£HEAMNFTE

XA RIGHIMAEHES T B T T 1z, REFSH RO aE 4-66 PRl £ ik B
77 (multi-axes histogram) (41& 4-66 Fi7R) :

{E1: 5 MATLAB MR 3I 1IFU6ZE0ML. —
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In[10]: # GUEE—LLEAs MR
mean = [0, 0]
cov = [[1, 1], [1, 21]
X, ¥y = np.random.multivariate_normal(mean, cov, 3000).T

# 5B A AREIR R A% B T 2

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

grid = plt.GridSpec(4, 4, hspace=0.2, wspace=0.2)

main_ax = fig.add_subplot(grid[:-1, 1:])

y_hist = fig.add_subplot(grid[:-1, 0], xticklabels=[], sharey=main_ax)
x_hist = fig.add_subplot(grid[-1, 1:], yticklabels=[], sharex=main_ax)

# AR bRt i e A

main_ax.plot(x, y, 'ok', markersize=3, alpha=0.2)

# A BRAESIK B T

x_hist.hist(x, 40, histtype='stepfilled',
orientation='vertical', color='gray')

x_hist.invert_yaxis()

y_hist.hist(y, 40, histtype='stepfilled',
orientation="horizontal', color='gray')
y_hist.invert_xaxis()

-2

4-66: F plt.GridSpec Ot Z4DhAE
SR 49 A Bl 53 3% L, Seaborn FLRFALIRAE T4 1M APLESBLENT, HEEIES I
4.16 %5,
| | : =i
411 XFHIFRE
AT TR S A i U A RSO, BARE Sy Bk AT

TEAE MR AR, ANEEEMA RO, (HESIN 5, Hzl RN T
18R (textual cue) FIFRZE LM ARDHY, BIREFEARIER (annotation) ZEHYA[HE H &

O
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AR BRAIARE S AR, (BRI A (X e, LEFA TR — e, BE Al iR
INFERESR A Y b iR (5 B A& SETE Notebook LIS A i 5] 5 22 I I — LB i 4 .

In[1]: %matplotlib inline
import matplotlib.pyplot as plt
import matplotlib as mpl
plt.style.use('seaborn-whitegrid')
import numpy as np
import pandas as pd

4111 26 PTEAXNERHERKZI

IEFATH 3.10.4 Y @Ak IR EE R R . AR R, FATmE T i B RN 5 E 4
—HERH A N, FRTE —#E, BdE R CLFE hitps://raw.githubusercontent.com/jakevdp/data-
CDCbirths/master/births.csv T,

EE AT B SV IR R, SRR m AR (nlE 4-67 FR) -

In[2]:
births = pd.read_csv('births.csv')

quartiles = np.percentile(births['births'], [25, 50, 75])
mu, sig = quartiles[1], 0.74 * (quartiles[2] - quartiles[0])
births = births.query('(births > @mu - 5 * @sig) & (births < @mu + 5 * @sig)')

births['day'] = births['day'].astype(int)

births.index = pd.to_datetime(10000 * births.year +
100 * births.month +
births.day, format='%Y%m%d')
births_by_date = births.pivot_table('births',
[births.index.month, births.index.day])
births_by_date.index = [pd.datetime(2012, month, day)
for (month, day) in births_by_date.index]

In[3]: fig, ax = plt.subplots(figsize=(12, 4))
births_by_date.plot(ax=ax);

5400
5200
5000
4800
4600
4400
4200
4000

3200
Jan Feb Mar Apr May Jun Jul Bug Sap Ot MNow Dec
012

B 4-67: BIBEAMFITE
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FE X R R sy, A wT DAAE P P b n— 2L RS, b EREMRE IR E R 1. A
L1l plt. text/ ax.text My & F3hls IVERE, BATRTDAEEMT x /7y debrr Bl B
(& 4-68 Jir) -

In[4]: fig, ax = plt.subplots(figsize=(12, 4))
births_by_date.plot(ax=ax)

# AR SIS AR
style = dict(size=10, color='gray')

ax.text('2012-1-1', 3950, "New Year's Day", **style)
ax.text('2012-7-4', 4250, "Independence Day", ha='center', **style)
ax.text('2012-9-4', 4850, "Labor Day", ha='center', **style)
ax.text('2012-10-31', 4600, "Halloween", ha='right', **style)
ax.text('2012-11-25"', 4450, "Thanksgiving", ha='center', **style)
ax.text('2012-12-25"', 3850, "Christmas ", ha='right', **style)

# % B AR
ax.set(title="USA births by day of year (1969-1988)',
ylabel="average daily births')

# REXEZIEE, EARER R
ax.xaxis.set_major_locator(mpl.dates.MonthLocator())
ax.xaxis.set_minor_locator(mpl.dates.MonthLocator(bymonthday=15))
ax.xaxis.set_major_formatter(plt.NullFormatter())
ax.xaxis.set_minor_formatter(mpl.dates.DateFormatter('%h'));

USA births by day of year (1969-1988)

Labor Day

Independence Day

4000 Mew Year's Day

=00
Jan Feb Mar Apr May Jun Jul Bug Sep Ot MNow Dec

4-68: ABNYEEAHSITERER

ax.text LT E N x FAEAR. —A y HhBbR. — TR RE SR, Hhanse
P, 75, Kag, 55 RCARHEM TR, XBEAT ha='right' 5 ha='center',
ha 27K EIFF A (horizonal alignment) WIHE, R TEHESHNEZER, H2%
plt.text() 5 mpl.text.Text() AUREF LAY,

4.11.2 HETHREXFMNE

BT REPRSCTIAE T BAREARR A E b, (HARHE AT Re TR Bk e i e S8R CR i B
., bbb brphEcE EIE A, E Matplotlib H, Fefi Tl IR ARERZEHR (transform) RS2,
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T B BoRHEZR A i 2 — Se A Ak bR A B . i, 24— T () = (1, D) 2ER
R BURR G R e B ERrE L E R, ST bR FokF o, I T B4k
HRX A bR 2R AR AR ] 8, Matplotlib A —ZHAEH #EHY T AT LA BRIThRE (XL T H
7T matplotlib.transforms &),
IR P TR DX S AR i AT, AR T AR S iU /R B BB S RS
By, —3A =P ix 2 m] R PlE S 45 5
ax.transData

VIR A A A AR S
ax.transAxes

VIR At A B A A e (CAAR bR AR A AL o
fig.transFigure

VAT Ak e g A A e (UL BRI 4 A L) o
TR AT, =R A ST EEA R E (20 4-69 FioR) -

In[5]: fig, ax = plt.subplots(facecolor="'1lightgray')
ax.axis([0, 10, 0, 10])

# EARktransform=ax.transData ;2 BN\l , (HAEIKE—T

ax.text(1, 5, ". Data: (1, 5)", transform=ax.transData)

ax.text(0.5, 0.1, ". Axes: (0.5, 0.1)", transform=ax.transAxes)
ax.text(0.2, 0.2, ". Figure: (0.2, 0.2)", transform=fig.transFigure);

10

8

. Data: (1, 5}

. Figure: (0.2, 0.2) . Axes: (0.5,0.1)

]
] 2 4 L] 8 10

B 4-69: XILt Matplotlib B9=fp 2474 (1)

BINER T, EEPISCTIES A PR R P AR X0, X =A TR R IELI - 70
AR AR K] B A F R

transData Ak x 4h5 y FlEARZAE SR AL PR, transAxes ALBRUAAE ARG (& H €%
) 2 T AL E DI S, A FRA R TR LG B AA bR, transFigure AEAR 5 2 210,
At LB (B GAETE) /2T ML E DR s, #ETER TR LG Ak bR,

FEEENE, BRAs T A8 brfl B TR, B4 HUA transData AR FR4s 32 5om, HfhAk
FREEBAZE (4nE 4-70 FoR) -
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In[6]: ax.set_xlim(0, 2)
ax.set_ylim(-6, 6)
fig

. Data: (1, 5}

. Figure: (0.2, 0.2) . Axes: (0.5,0.1)

-
[il1] 05 10 15 20

4-70; ¥tk Matplotlib B9=Ffha4T 7 (2)

ANRARS A T AL RS B TR PR, BB 2k w1 UL I BRI BER AR fE . an SRR TE
Notebook Hiz AR, AL ATLLHE %matplotlib inline itk %matplotlib notebook,
RGBS SRR T (SRR ), 5k ] CLSCEUARFREEFE T,

411.3 FLEFRE

B T RIS T, WAL S —FE AR RARE,

1E Matplotlib B ] 5 k30 5 LR AR R AU B R M, BARAE —/> plt.arrow() ER%L T DASEELIX
AIhEE, (ERBAHEEEH T, B el Ik SVG m & EX%, &MEREsS
RS, RIS R A A PN, FEHETFENIE plt.annotate()
BRA, XA ERBRE VT LA G S, T LLeIEEST K, 1 B e el IS ke AR RiG
HIECE ,

T annotate —UBED BRI RS (20&l 4-71 FoR) -

In[7]: %matplotlib inline
fig, ax = plt.subplots()

x = np.linspace(0, 20, 1000)
ax.plot(x, np.cos(x))
ax.axis('equal')

ax.annotate('local maximum', xy=(6.28, 1), xytext=(10, 4),
arrowprops=dict(facecolor="'black', shrink=0.05))

ax.annotate('local minimum', xy=(5 * np.pi, -1), xytext=(2, -6),
arrowprops=dict(arrowstyle="->",
connectionstyle="angle3,angleA=0,angleB=-90"));
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4 local maximum
2
0‘\\;_,//ﬂ\\.//“‘\\m//fﬂ\
-2
—4

- local minimum

o 5 10 15 20

B4-71. BRIR

i Sk B9 JAUA% A& i 1o arrowprops - B ﬁﬂ%,iﬁﬁﬁgﬁﬁmﬁxomT“%ﬁmE
Matplotlib FJ'E 5 XASHES A AR RN 28, b A TFEEGR, (X — s LBhReoR. ik
P T BT 9 35 [ AR N R R — Sk R (ARl 4-72 FoR) -

In[8]:
fig, ax = plt.subplots(figsize=(12, 4))
births_by_date.plot(ax=ax)

# (F B _E3OmETkir %
ax.annotate("New Year s Day", xy=('2012-1-1', 4100), xycoords='data’',
xytext=(50, -30), textcoords='offset points',
arrowprops=dict(arrowstyle="->
connectionstyle="arc3,rad=-0.2"))

ax.annotate("Independence Day", xy=('2012-7-4', 4250), xycoords='data',
bbox=dict(boxstyle="round", fc="none", ec="gray"),
xytext=(10, -40), textcoords='offset points', ha='center',
arrowprops=dict(arrowstyle="->"))

ax.annotate('Labor Day', xy=('2012-9-4', 4850), xycoords='data', ha='center',
xytext=(0, -20), textcoords='offset points')

ax.annotate('', xy=('2012-9-1', 4850), xytext=('2012-9-7', 4850),
xycoords="data', textcoords='data',
arrowprops={"'arrowstyle': '|-|,widthA=0.2,widthB=0.2", })

ax.annotate('Halloween', xy=('2012-10-31', 4600), xycoords='data',
xytext=(-80, -40), textcoords='offset points',
arrowprops=dict(arrowstyle="fancy",
fc="0.6", ec="none",
connectionstyle="angle3,angleA=0,angleB=-90"))

ax.annotate('Thanksgiving', xy=('2012-11-25', 4500), xycoords='data',
xytext=(-120, -60), textcoords='offset points',
bbox=dict(boxstyle="round4,pad=.5", fc="0.9"),
arrowprops=dict(arrowstyle="->",
connectionstyle="angle,angleA=0,angleB=80,rad=20"))
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ax.annotate('Christmas', xy=('2012-12-25', 3850), xycoords='data',
xytext=(-30, 0), textcoords='offset points',
size=13, ha='right', va="center",
bbox=dict(boxstyle="round", alpha=0.1),
arrowprops=dict(arrowstyle="wedge,tail_width=0.5", alpha=0.1));

# B A RAl RS
ax.set(title='USA births by day of year (1969-1988)',
ylabel="'average daily births")

# VCExGhZIEE, 1A EH R
ax.xaxis.set_major_locator(mpl.dates.MonthLocator())
ax.xaxis.set_minor_locator(mpl.dates.MonthLocator(bymonthday=15))
ax.xaxis.set_major_formatter(plt.NullFormatter())
ax.xaxis.set_minor_formatter(mpl.dates.DateFormatter('%h'));

ax.set_ylim(3600, 5400);

USA births by day of year (1969-1988)

[

Labor Day

= 4600
"
-l /
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i Hallowaen
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w00
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ew Tears Lay i
800 Christmas
3600
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4-72: THERNBIIBEAL

RATRECIEREE] 1, HrkASCAHERY B B D RETR W NS, X AEURt rTLAGIEE B A2
Ak 7o i, DhREd SR R Bk B R OR L R 2, AR — A
AT, FTREFHRE B R I IA] . B FRAE UL — ), i Tf o FH RO 4 XURS T A B ol
AR B R, (U AR — 2 hREfi .

KT HRFERE XA E £ 4 28 571761, AT LASE Matplotlib [ EE (gallery) FRER], f
HAHEZE http://matplotlib.org/examples/pylab_examples/annotation_demo2.html iX />4,

412 BHEXLIREMZIE

H AR Matplotlib BRIARUABFRFNE L2 (locator) SH&R AR # (formatter) ] AT 2 K EB4>
ok, IR B E A G . AR — SR G s A (R AR BRI R R A R
TEENIAE 5.

TEIT G 20, Bl TR AF 564 Matplotlib B G B E IR ARIELAE. Matplotlib fY
HAxA& H Python X% XL BB c S, Filan, HEATH LA figure X5, S
—/NEIREF T ENEE & (bounding box), ALK Matplotlib %t 5 #8F Bl A& 1%

MatplotlibZI#E oI ML | 241




% (sub-object) AUZEE%, flanfA figure HRX A& —A 2/~ axes #4, 4/~ axes X4
N EHFREENERIRE,

AEARENZN FE L A B Ih, B axes B xaxis Fll yaxis J& 1, AR R S W AL bR
MRS . R RIRRZ AT R

4121 EFEFESXEZE

B A AR A EEZNEL SRBLEL, WARL, TEAEEAERSRERE,
WEZI AR /N, B O T Matplotlib A2 IR LN, (H& RS Ex &
FEEIEA (A 4-73 FioR) -
In[1]: %matplotlib inline
import matplotlib.pyplot as plt

plt.style.use('seaborn-whitegrid')
import numpy as np

In[2]: ax = plt.axes(xscale='log', yscale='log')

10

102 F

107 b

10 |

10°

10°

107 I I I I I
107 10° 10° 10+ 107 107 10

B 4-73: XHAE SR
BRI T ELN R TR A — NMRKRI LI EERFRRZE, Rk 2% BEAR Bk — /M
RIS, HABIRbRZE,

Al A L 15 B A A RN EY formatter &5 locator X4, HE SGXEEZI @M (RIEXIE
LI BEFIREE ) . RASE— T EIE x Fhi k.

In[3]: print(ax.xaxis.get_major_locator())
print(ax.xaxis.get_minor_locator())

<matplotlib.ticker.LoglLocator object at 0x107530ccO>
<matplotlib.ticker.LogLocator object at 6x107530198>

In[4]: print(ax.xaxis.get_major_formatter())
print(ax.xaxis.get_minor_formatter())

<matplotlib.ticker.LogFormatterMathtext object at 0x107512780>
<matplotlib.ticker.NullFormatter object at 0x10752dc18>
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TS KB, EELN RS FREZ BEFR WA B #S 2l id —/ LogLocator X4 (£EXT4L
EIrp Rl LES]) R ER, AT, REZIEA A NullFormatter X RACFRARE, XFEARE
MASER EERT,

TNHPRTEUR 2R, R AR BT E A8 DA% A B E R Anfal B B

4122 BRBZESHRE

i IR B 1 AR BAG A LHRAE vl RE kR Rl %I BE 54R % T, LA plt.Nulllocator ()
5 plt.NullFormatter() L8, 40 MR R (A0 4-74 FioR) -
In[5]: ax = plt.axes()
ax.plot(np.random.rand(50))

ax.yaxis.set_major_locator(plt.NullLocator())
ax.xaxis.set_major_formatter(plt.NullFormatter())

B 4-74: REEME x HIFES y BARE

TFEEENL, ROMBET x fibr% (HA2RRE TZIE L/ Miksk), Uik y fr%E
(FrZth —FHWiFERR) . 22T EZIEL, a2 RS R R A KR, 2
AT, AR 4-75 AR S ARG IR F, st 28 H T A WEHLES 27 2] [ R
Bl (PEREIES N 5.7 1) »

In[6]: fig, ax = plt.subplots(5, 5, figsize=(5, 5))
fig.subplots_adjust(hspace=0, wspace=0)

# Mscikit-learngxB—=LE A\ NS I8 H 4R
from sklearn.datasets import fetch_olivetti_faces
faces = fetch_olivetti_faces().images

for 1 in range(5):
for j in range(5):
ax[1, j].xaxis.set_major_locator(plt.NulllLocator())
ax[1, j].yaxis.set_major_locator(plt.NullLocator())
ax[i, j].imshow(faces[10 * 1 + j], cmap="bone")
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B 4-75: REAKRBMEILIRH

T SRR, T AR BB & B WA bR, SRR A RRIR R AT S 5
e, ZIEE (AGIRRBFE) RFEEIAREESEMAIGEE, B E e ik
BAZE.

4.12.3 HWRZIEHE

BOAZNEERREA — AR, e BonBUNETER, d W %0 R o Ptk . AT LAE R
4-76 W b7 E U ) -

In[7]: fig, ax = plt.subplots(4, 4, sharex=True, sharey=True)

o
00020406081000020406081.000020406081.000020406081.0

B 4-76: ZZAFOIBR

A x B, B UPERE Bk, HRNRRIEE R, FfTRTELH plt.MaxNLocator()
KX A, @t e AR E R 2 HERRZ /R, RYE IR E R L Z G,
Matplotlib £5 H Z A% B ZHEE MRV ALE (4nl&l 4-77 FoR) -
In[8]: # AAEA-AEbrflis & 3 241 B e fr as
for axi in ax.flat:
axi.xaxis.set_major_locator(plt.MaxNLocator(3))

axi.yaxis.set_major_locator(plt.MaxNLocator(3))
fig
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4-77. BEXZAEHS

XFEEIE g B E @ T, RIS EIRSE LA E ThAE, A4 AT LU plt.
MultipleLocator, FRATEERE T RINEHMNEE,

4.12.4 TEEMZEH

Matplotlib BRINFIZI AR AT LA R KR BT ok, BARERNRCE CLMAR 1, HER
BRI REFTEESE L HIThRE, (ilaniE 4-78 IS dh Ze AR i 2% .

In[9]: # WIF5%hZEFnasZihsk
fig, ax = plt.subplots()
x = np.linspace(0, 3 * np.pi, 1000)
ax.plot(x, np.sin(x), lw=3, label='Sine')
ax.plot(x, np.cos(x), lw=3, label='Cosine')

# VOB WG, EIGIFAR AR BT PR
ax.grid(True)
ax.legend(frameon=False)
ax.axis('equal')
ax.set_x1im(0, 3 * np.pi);

— Sine
w— Cosine

B 4-78: MNHBHAENE

BT REARR R kA — T xR ., &, kS Mg mE e o G L, BIE
SEINAE K, ATLLET I E —4 MultipleLocator SRSZHL, BRI LLREZIBE B IRIZ LRy

[R)
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BAEMR S B 2 T EAFHbI R, 76 /4 MRS EC BN E BRI R Z4 % (A 4-79
N
In[10]: ax.xaxis.set_major_locator(plt.MultipleLocator(np.pi / 2))

ax.xaxis.set_minor_locator(plt.MultipleLocator(np.pi / 4))
fig

— Sine
w— Cosine

B4-79: £/ 2 NBHERETRAE

SRIM, IXELL AR AR A A B BARTME CIE n RS (B2 F/NERoRRA
JABARKEM, Bk, FA1aT LA ZI B R 3 kB ik, T3 B A% A 28 vl
AE MR A, Rl T5 22 plt.FuncFormatter JRSGEL, F—/> B & SV EA $ 1% B AN ]
ZIEARZE R EoR (AN 4-80 FiR) -

In[11]: def format_func(value, tick_number):
# PEn/ 2055 B
N = int(np.round(2 * value / np.pi))
if N == 0:
return "0"
elif N == 1:
return r"$\pi/2%"
elif N == 2:
return r"$\pis"
elif N % 2 > 0:
return r"${0}\pi/2$".format(N)
else:
return r"${0}\pis".format(N // 2)

ax.xaxis.set_major_formatter(plt.FuncFormatter(format_func))

fig
XPER IR 2 HScIR1T 2 H T Matplotlib 4% LaTeX RYZHRE, 1EEFFe k2 Ml
EETFFS ($), FHEATUARE 5B RBCERF S R AR, TEXARGIF, "$\pis”
AR A=A 7,
M PRIfEAS SRR EATEN B, plt.FuncFormatter () AT LLh B & L ETEZ E R+ R
{EHIEhRE, 1 HAS R e,

A

246 | Ha4E



— Sine
w— Cosine

4-80: BEXAEIRE

4125 BRXERZSEME/NGE

HiH OB T~k R 2 5 e frds, i FAZerk i o Sk — N B R R RS
HEMIET, X TWEEEMNE R, ESH% % BEF X EE Matplotlib FITEL
#, LA T HIRRA 2ER1E pLt dv B 22 IE N,

ENLERZE ik

NullLocator T g

FixedLocator AR DAEA R

IndexLocator HZSIWERENMSE (41 x = range(len(y)) )
LinearLocator M min 3] max 3545745 45 %I

LogLocator M\ min B max $01 500 A %1
MultipleLocator ZIBERTE R AR AL HE AL (base) HIREEL
MaxNLocator R B R Z B E e P B

Autolocator (BRiN) L MaxNLocator 34714 Mfip &
AutoMinorLocator IREZ| BRI ENL 7%

B EM L i

NullFormatter % F RS

IndexFormatter W —AARE B AT
FixedFormatter FHhhZ ik BEARE

FuncFormatter B & XAk BRRS
FormatStrFormatter A Z BB T E AR
ScalarFormatter (BRN) AbrEEIXEIRE
LogFormatter S B A ARl RIS A B
B PRAE ST IR R B B E X SETh R £ orfl,
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413 MatplotibEEX : BEEXHSHE

Matplotlib FJERIA B i% B 28 91 PN 5848 Matplotlib 2.0 iR AR B4 F Kk, H
AR H o LB T AT LALE IR AT A S ZE R AW,

BT A S — T Matplotlib {5z 7HHACE  (runtime configuration, rc) ZHREFIA2E, R
HEEHNERXRE (stylesheets) Fptt:, HImA & T LIEENBNA B INRE,

4131 FElEEKE

W ARZRINE, AL HE WM E AN EREE, [E5&EZE RN E R ELT
E. JUChEA P EITE T LIRS . B0, BE B TEXA TR E 2 IA
e & A RSk B 5 B (4nlEl 4-81 FioR)

In[1]: import matplotlib.pyplot as plt
plt.style.use('classic')
import numpy as np

%matplotlib inline

In[2]: x = np.random.randn(1000)
plt.hist(x);

250

200 |

150

100

o
-3 -2

& 4-81: Matplotiib FINBEHVRARETS

Wi TR, TLALERAERE, mECRANE 4-82 Fik:

In[3]: # ARG HE
ax = plt.axes(axisbg="'#E6E6E6")
ax.set_axisbelow(True)

# e gL
plt.grid(color="'w', linestyle='solid')

# [REALAREI 25k
for spine in ax.spines.values():
spine.set_visible(False)

A
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# [ag b 5B ZIE
ax.xaxlis.tick_bottom()
ax.yaxis.tick_left()

# S SR

ax.tick_params(colors='gray', direction='out')

for tick in ax.get_xticklabels():
tick.set_color('gray')

for tick in ax.get_yticklabels():
tick.set_color('gray')

# BB A ERE A ST A
ax.hist(x, edgecolor="'#E6E6E6', color='#EE6666');

IIII._
4-82: FHRENFRENE

RFFERKSIERESL 7. RATRER WA BRI S R 15 S 1) ggplot Al HILILEE A xi L
B (HRXAFBRERREHIL T BATHEAH DM BT LT IHRE &, &F
FECSA Tk, WLALIRMTABRE K EOAETE, shaeks L A B L.

4.13.2 BHEBINBLE: rcParams

Matplotlib Bk N, #SE LB E (ro), HhaE T A R IETE T
FHIBINRRE . IRATEUR ple.re iR D5 IAREI & X AL E . R B F A HEE re 24,
BN BT S 3L 2 mi T ah R RO

B Hl— T HETHY rcParams T8, XFERUATEME o2 JE FRA IR Bl 3k

In[4]: IPython_default = plt.rcParams.copy()

BAERERTUAA plt.rc BRBCRIEMELESH T -

In[5]: from matplotlib import cycler
colors = cycler('color',
[ '#EE6666', '#3388BB', '#9988DD',
"#EECC55', '#88BB44', '#FFBBBB'])
plt.rc('axes', facecolor="#E6E6E6', edgecolor='none',
axisbelow=True, grid=True, prop_cycle=colors)
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plt.
plt.
plt.
plt.
plt.

rc('grid', color='w', linestyle='solid')
rc('xtick', direction='out', color='gray')
rc('ytick', direction='out', color='gray')
rc('patch', edgecolor="#E6E6E6')
rc('lines', linewidth=2)

BETEWRZIE, REE-EBEEICR (A 4-83 Fir)

250 4 !
200 -

150 -
100 -

50
o

3 —

- 2

In[6]: plt.hist(x);
IIIIIII_
-1 ] 1 2 3
B 4-83: A rc RYBENRRELB

FrE L R R re ZHAVECR (AnlE 4-84 Fr) -

In[7]: for 1 in range(4):
plt.plot(np.random.rand(10))

104

0.8 -

-’

06 -
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0.0
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1

B 4-84: BENRIEHNEE

) ZAR AN B Z Bl B BN RS EIE 5 T AR IR AN R TR Ay o 36 KAk, MR AL B
CA% re 240, 013 B AR X 863 B 2 (R A7 7E .matplotlibre SCfEH, {RATLALE
Matplotlib X4 (http:/matplotlib.org/users/customizing.html) FF|FE £Z15 8., XBAH AL

T, {ATEEWR [ & X Matplotlib FIFERFE,
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4.13.3 HAFE

2014 4F 8 H & Al Matplotlib 1.4 FRASH SN T — /AN ER 47 I style i, BHEEE TKX
BAHAEMERR, B OIEFITEIRE ORI, BAARIX SRR IR Th g
ST 2369 .matplotlibre 3TN, HRE BRISCHEY R £ 2& .mplstyle,
BIEORANFT R QI B QI B, FEAREESMEIAN WA A M. it plt.style.
available @4 Al LB 1A AT FHASRURS , T 1K (81 8 28 0 R AU -
In[8]: plt.style.available[:5]
Out[8]: ['fivethirtyeight',
'seaborn-pastel’,
'seaborn-whitegrid',

‘ggplot’,
'grayscale']

(PSR R EE A T3 T A0 T s «

plt.style.use('stylename')

HEZEEBEE, XM AR A2RTEZE, RATCAE XS B SCE 2%
(context manager) I 58 45 52 55— FlAUA% .

with plt.style.context('stylename'):
make_a_plot()

e B — /> T DL P R A [ TEE O R

In[9]: def hist_and_lines():
np.random.seed(0)
fig, ax = plt.subplots(1, 2, figsize=(11, 4))
ax[0].hist(np.random.randn(1000))
for 1 in range(3):
ax[1].plot(np.random.rand(10))
ax[1].legend(['a"', 'b', 'c'], loc='lower left')

TR X A B BOR R AN R RS B B8R .

1. BRIARUAE

BANRKIEG 52 AR BT N A — B E AR, RIS BIFMG. &%, BZaikEn
e 7S B O BRIAEL B

In[10]: # ® ErcParams
plt.rcParams.update(IPython_default);

AR FEHINGERIRCR (nlE 4-85 FR) -

In[11]: hist_and_lines()
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& 4-85: Matplotlib B9ZKIARAE

2. FiveThirtyEightR4&
FiveThirtyEight JXUk& 1 115 i 5% 5 44 W 2% FiveThirtyEight (http://fivethirtyeight.com) fJ%: %]
AR ANl 4-86 Fiw, X FftRURE (o PR €0 O R 2 4 RT3 WA AL A -

In[12]: with plt.style.context('fivethirtyeight'):
hist_and_lines()

200 0.8
150 0.6
100 04
a
50 .2 b
. ¢
0 - ] 00
—4 -3 -2 -1 0 1 2 3 0

& 4-86. FiveThirtyEight X|4&

(=]

3. ggplot X\ 1&
RIEZ Y gaplot ZAEH AT AT HIfL T B, Matplotlib [1J ggplot AUk sk A2 A5 17 X AN FE 74
AUERIARRE (4nfE] 4-87 FR) -

In[13]: with plt.style.context('ggplot'):
hist_and_lines()

i
N
ol
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250 2 | | | | | | L 10 -

200 -

150 -

100 -

@ 4-87. ggplot N1&

4. bmhX1#&

B AR/ IRTEL E B Probabilistic Programming and Bayesian Methods for Hackers
(http://bit.ly/2fDIsKC) , #& A1 [E JE#B A& F Matplotlib G, it —4 re 25618 T
— Mo ANTE B E XA . XA KB bmh FECRARK T (401 4-88 FToR) -

In[14]: with plt.style.context('bmh'):
hist_and_lines()

10

INZ A
VAN
= \\\;L-‘ﬂ /

0.0 1

& 4-88: bmh 1%

5 BeaBEENE
X R REER, HRAaBERmiEAta T REESIE AR, dark.
background KUK ik AE Ak I THAY (AN 4-89 FiR) -

In[15]: with plt.style.context('dark_background'):
hist_and_lines()
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4-89. dark_background X|1&

6. REX &
HEHRA RS M —eTEEITENIRIE, ARe A, X H grayscale KA
I, Nl 4-90 Fix:

In[16]: with plt.style.context('grayscale'):
hist_and_lines()

4-90: grayscale X1&

7. SeabornX\#&

Matplotlib i85 —2E R &K H Seaborn #2J7 4 CRH{E 4.16 T TEANIT48) BUAKE, X 26 XUk
£ Notebook § A Seaborn 27 )& 54 A ahinzk, X igdbE Sy, WekodE
HREARR— A EFHEIAREE (2nE 4-91 BioR) -

In[17]: import seaborn
hist_and_lines()
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250 10
200 08
150 0.6
100 04

02 — a

® 4-91; Seaborn £BNX&

it E A & FE A B 42 B AR, Matplotlib 7628 B2 ATt 5 61 gt BRI BT 6 0 1
RIS AT . FEBIREX AR BEITART, Bl ¥ 23— Fh sl LR N B D 25 B XU

4.14 FMatplotlibiE = 4 &

Matplotlib JFAs Hfgm 4k &, KEEE 1.0 AR, Matplotlib SEHL T — S8 H 7 F 4
PRl ) =2 DhRe, T —4lm =4eE nT e (WAse3s) THMMA T, &
TIATLAS: A Matplotlib [ #5# mplot3d T H46 Sk m =4k (4n& 4-92 fis) -

In[1]: from mpl_toolkits import mplot3d

08 1n 00 -

B 4-92: — T ZHN=L4TH

AR TS Z I, 5T DA SRR — />l AL R B A A projection="3d"
B, NI I — A~ = AL bR
In[2]: %matplotlib inline

import numpy as np
import matplotlib.pyplot as plt

In[3]: fig = plt.figure()
ax = plt.axes(projection='3d")
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AT Z4e btz i, FelTak ol DAFE _bfml tH & Fh & AR =4 B T, Z4:Rpu a2
£ Notebook BT /] LAZR AL YE i AER IEANE) s Pz mi /v B R BB —#E, FHEM
%matplotlib notebook Ifij f~+& %matplotlib inline izf7{CHd,

4141 ZHHERS%

AR ZHE B v,y z) ZGEAAAR AR I ER B SR E . SR 2008 Ak ]
2MEL, ®TEAH ax.plot3D 5 ax.scatter3D H%CR G BT, HT =4 B A5NS4 S aim
THE RS EOEAR AR, FRATLAZ T 4.3 iR 4.4 TN, SREGE Tl T
FERMEZE 8. FHRE—A = MiZjEsk (trigonometric spiral), fE£k EREHL A —Lk
B (4nf&l 4-93 FioR) -

In[4]: ax = plt.axes(projection='3d")

# ZYELRAIEAE

zline = np.linspace(0, 15, 1000)

xline = np.sin(zline)

yline = np.cos(zline)

ax.plot3D(xline, yline, zline, 'gray')

# ARSI

zdata = 15 * np.random.random(100)

xdata = np.sin(zdata) + 0.1 * np.random.randn(100)

ydata = np.cos(zdata) + 0.1 * np.random.randn(100)
ax.scatter3D(xdata, ydata, zdata, c=zdata, cmap='Greens');

CnronEREE

W
L]

B4-93:. =4R4%E
BOAEOLT, BodsAshscREZWE, UEPm EEBH g, AR ER&ETE_EWg
SRR 2, i R EALE (interactive view) AT LALE BT A $dE A 5 B0 H AR HE A R

WA

4142 ZHEFEE

5 4.6 T B S2ALL, mplot3d A H RIFER T ALY Q18 =4 %75 (relief) KR L
H., 54 ax.contour E|FE—4F, ax.contour3d FRKFTA iR Al —4E MM EEIE A, I
H BTS2 0 E . FimiErs— A =4 E 5% s m ) = 42 =24 E (20 4-94 Fors)

s o =z
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In[5]: def f(x, y):
return np.sin(np.sqrt(x ** 2 + y ** 2))

X
y

= np.linspace(-6, 6, 30)
= np.linspace(-6, 6, 30)
X, Y = np.meshgrid(x, y)

Z = f(X, V)

In[6]: fig = plt.figure()
ax = plt.axes(projection='3d")
ax.contour3D(X, Y, Z, 50, cmap='binary')
ax.set_xlabel('x")
ax.set_ylabel('y')
ax.set_zlabel('z");

4-94, ZHESKE

BN GA I 5% G B A I AR B iy, view_init A DLERE gL M 5 57 /1 (azimuthal
angle), fEXAREIH (&5 RanE 4-95 Fror), TR HERAD AR 60 & (X HAY 60 Ji
A x-y FHITERE L), T 0L AIRECh 35 B (bt gt z B At iEss 35 FE) «

In[7]: ax.view_init(60, 35)
fig

4-95. PHE=HBNNMIIE
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sk, W RTLAAE Matplotlib (95 B AU i 5 i Ll i G, HEETE, SKILIm e 2 B
TR o

4.14.3 ZRAHEE F0 i m &

AR R A% R D = A B A T AR, ol S B R il B, AT R At
M G i = 4 T, A9 B0 S4B RAR R A S rT e, T — R AE B R B (4n &l
4-96 FiR) -
In[8]: fig = plt.figure()
ax = plt.axes(projection='3d")

ax.plot_wireframe(X, Y, Z, color='black')
ax.set_title('wireframe');

wireframe

4-96. 4KEER

b T ] 2R TR AL, AN ok R PR A A 1 AR 2 A R . R i — /> i
O RARE X L DI, el DALE R &z B nf L BB R m i dndh a4y 7 (il
4-97 i) -
In[9]: ax = plt.axes(projection='3d")
ax.plot_surface(X, Y, Z, rstride=1, cstride=1,
cmap="'viridis', edgecolor='none')
ax.set_title('surface');

surface

®4-97. —4#HES
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TR AR, il E T R, TR B AR R (AT DR AR RR) . T
IR GG T —AN Rtk AL BRI (polar grid), 24 F&AT 1HE & Bk surface3D KT,
RILARAF—FPE TR T AL RCR (4nlEl 4-98 FioR) -

In[10]: r = np.linspace(0, 6, 20)

theta = np.linspace(-0.9 * np.pi, 0.8 * np.pi, 40)
r, theta = np.meshgrid(r, theta)

X = r * np.sin(theta)
Y = r * np.cos(theta)
Z = f(X, Y)

ax = plt.axes(projection='3d")
ax.plot_surface(X, Y, Z, rstride=1, cstride=1,
cmap="viridis', edgecolor='none');

4-98. MAHBEE

4.14.4 HE=/AH

FESLSE R I Serh, b ik SE R A AR AR S B A5 AR AR KA B SE B, X
ik ik mT AGE FH = ff%0 5> BB (triangulation-based plot) T, 41SR{EA M IR SR AL b A 4%
(¥ 2 IR, FRAI 1% 4n fa] A — 2R Rt AL S5 el LW 2

In[11]: theta = 2 * np.pi * np.random.random(1000)

r = 6 * np.random.random(1000)
x = np.ravel(r * np.sin(theta))
y = np.ravel(r * np.cos(theta))
z = f(x, y)

ATEASE A Bt 5 B — N BOR B, SPREERFERETEA — A AR (Al 4-99 PoR) -

In[12]: ax = plt.axes(projection='3d")
ax.scatter(x, vy, z, c=z, cmap='viridis', linewidth=0.5);
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15
10
05
0.0
—05
-1.0
-15

B 4-99. =4RH0HEE

WAHY MG TR, X TAERTLLH ax.plot_trisurf AR BN RATE K. BB Lk
B — A AR RN = A, REHxE= M aldihm (852K 4-100 fixs,
Hodr x, vy il z ZHER S — 25 -

In[13]: ax = plt.axes(projection='3d")
ax.plot_trisurf(x, vy, z,

®4-100. =ABINHES

BIREER BB ZRT A Mk mAyE 723, (B R =M% kR R, LI
AR =B Gilan, ATDUH e —R =4eR Rt DI, TR TR,

6. Kt B
LELE O R A0 — R AR HLEL 180 FE)T, FRAEM SRR R MR AT e . AR F1 2R F
F, SEteoiridRE ehar, BB A —ANm ! T A 1A Matplotlib Y =4 T A
ke — S b B, SRR M erAE S T ek & 4, HkHE
PRASAESEE (intrinsic dimensions) , LEFRATHE— A4k & b 0, BUETERE 4 0~21; 55
— AR w, BUATEEARE —1~1, FORELLS T8 .

In[14]: theta = np.linspace(0, 2 * np.pi, 30)

w = np.linspace(-0.25, 0.25, 8)
w, theta = np.meshgrid(w, theta)
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BT822, BNMSHHER BB S E AR (x,y,2).
B —T, JOTATRESERBIMFEE LR —MERBSE R O (AEHo0E
X)), B—FhRE LS HHAE A R AR EiERE (AEH @ ©X), Wik, dF—5&&ELL
By, AR SHIR 415 180 &, Blad=40/2,

In[15]: phi = 0.5 * theta
BUAE FHFATH = FA i A AR bR i — 4 B M A bR, 8 LB SR HFLODRIEE S (2
7)) r, WLHAER (X, p, 2) il

In[16]: # x - yFHNIYPR
r=1+w* np.cos(phi)
x = np.ravel(r * np.cos(theta))
y = np.ravel(r * np.sin(theta))

z = np.ravel(w * np.sin(phi))

wE, ZE LY, BB = A & E Y. AR SCEL TS B e HE
ARBEL A % E L= FE 5y, SRJE F Matplotlib 555X A = 30 4 ke 56 51 55 b 0, i ) = 2
23 A B, XA el DAE B (40l 4-101 FoR) -
In[17]: # MBEESEA T BoE =S5
from matplotlib.tri import Triangulation
tri = Triangulation(np.ravel(w), np.ravel(theta))

ax = plt.axes(projection='3d")
ax.plot_trisurf(x, y, z, triangles=tri.triangles,

4-101; BHLOHE

H L HPTA ) Matplotlib B8] A2k, sl A IHFEE 2R =4 EE T,

4.15 FBasemap®[ i {k IR LR

Hh PR B PR w] AR A B PR B i — R 40w WA T AR SRS, Matplotlib 5 2 v AL
T H /& Basemap L E.%i, ‘B4& Matplotlib [J mpl_toolkits fy & 23 A AU A% THA 2
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—, AL, Basemap HIRCRA ST, SR LB SR AT AL Bl th 75 SEAE R L iU S
KA TE], FEALER LR A %A Hh B T AR A S5 I, SEBRAR A MR 5 S vl RS oA A — 28,
Lb#n leaflet & 28 Google Maps API, #R1fii, Basemap fF# Python F FTRY{E 2115, A
B — 2 F Basemap 1L 22 il b B A RT AL R 5]

Basemap ZZEHERIR B ., AR conda fr 4, A THIAGAHIN, BFOSAZNT
Wtz ?
$ conda install basemap

PTG AR AR LT — TR

In[1]: %matplotlib inline
import numpy as np
import matplotlib.pyplot as plt
from mpl_toolkits.basemap import Basemap

LI T Basemap LHEA G, FUHJLAT D wT L HhEE . (Z2484E Python 2 H i
tHaniE 4-102 FRORATEE, FHEE%%E PIL BTFAL, ififE Python 3 A FE2E22%E pillow fE
L) -

In[2]: plt.figure(figsize=(8, 8))

m = Basemap(projection='ortho', resolution=None, lat_0=50, lon_0=-100)
m.bluemarble(scale=0.5);

B 4-102: #IKE) “BEeRIK KEBRH

£ 2. ARAE Python 3.6 RIB I TiX 5 Av A< 201%, wEFH conda-forge: conda install basemap -c conda-forge,
— T
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TR 28 Basemap &2 BHIE X,

X BRI ER A — R BT, el BRI AR R B R, ThREFF &Y
Matplotlib At A4, FTUATRER 5 b /e b Il B3 TREAE Flan, T el Dok b B 52 ok 2
LM, SRt E A E ., F ETOPO #i /& (etopo image, .77t 59 JEE 1 b TE
FHE) 1B R (A0 4-103 FioR) -

In[3]: fig = plt.figure(figsize=(8, 8))
m = Basemap(projection='lcc', resolution=None,
width=8E6, height=8E6,
lat_0=45, lon_0=-100,)
m.etopo(scale=0.5, alpha=0.5)

# W BRI, SR RIE BRI (x, y)AhbR
X, y = m(-122.3, 47.6)

plt.plot(x, y, 'ok', markersize=5)
plt.text(x, y, ' Seattle', fontsize=12);

B 4-103: 7EtE ER0RE

XATRERERATR I, ATEEEILATH LAY Python fRADSE AT LA Hi 3 B aT MRALIE . T SCRASE
A48 Basemap B F SR, Halad —2EnT AL R B TR . A T X ERBITEA I
fifl, PRak AT CARIVE LB A R s 2R B TR I T

4151 HEHEZ

L ORAEGE IR, e o R B B R IRATREC A, (Rt ERix A
AUEkfk, WTLLE IS BRI EAE RSOy — A 4P, AREmeE, WAsm
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B, XEERGE R TUREE AT iR R ik Rk, LA L %R, R
MR BRI FE g, AL ERAE (Flands e, R, BEE . TRRSH R 3)
[EfRE—T.

Basemap F2 )7 B SCHL 1LHRP° S0 200, P B dl — A R A D, it —2k
W HAIBCR 2 R A T 18 B AIUR o

T HEE LA T A 2 A5 25 b P O 5 46 5 75 <

In[4]: from itertools import chain

def draw_map(m, scale=0.2):
# i E

m.shadedrelief(scale=scale)

# HTRFRBLNE
lats = m.drawparallels(np.linspace(-90, 90, 13))
lons = m.drawmeridians(np.linspace(-180, 180, 13))

# TRV pLt. Line2D R ()

lat_lines = chain(*(tup[1][0] for tup in lats.items()))
lon_lines = chain(*(tup[1][0] for tup in lons.items()))
all_lines = chain(lat_lines, lon_lines)

# HIGIRE T 2635 B BT EAAER
for line in all_lines:
line.set(linestyle='-"', alpha=0.3, color='w')

1. Bt
A3 $%52 (cylindrical projection) g ffj B 3h B e s 26 A, 45 fF 2% 5 28 i 25 4 il e S
PR S BH %, RAXMEZLERIAE, JRE XA B REBCRIER 4, (H2 bk
BRFI Y DX Sk 5 T AR T, T4 B LR iRl BE s R A B2 AN R AR, BrCAst A T
AR B @ P R AR BT AS Rl A AR T RE . FRATIE & 4-104 il | — />S5 BE R AE$S
%, AR EALE 807 WA A BER R AR, 55 4hF R R A 4552 &2 25 R4E (Mercator,
projection='merc') ¥ FIRAFEZF (cylindrical equal-area, projection='cea') #3t,

In[5]: fig = plt.figure(figsize=(8, 6), edgecolor='w")

m = Basemap(projection='cyl', resolution=None,
1lcrnrlat=-90, urcrnrlat=90,

1lcrnrlon=-180, urcrnrlon=180, )
draw_map(m)

Basemap A e HIRIXE A T M (Wernr) Fi5 LA (urcrnr) 251 (lat) FnZfE (lon)
Iz,

3. Huie 30 f, —F#E
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B 4-104. RHFRRE

2. thEHEH R

AR AE 52 (pseudo-cylindrical projection) [ £ AN 4 200 B EH 1), XAER LA b
AR BT A XS B I 55, BRI (Mollweide, projection='moll') $ZiZihadix Kl
TR R, ERTANRE&E SN, 0’ 4-105 fiR, X o MUEA T 0k E B R
i BAR AL Y X I0R A — L6288, (R il ok — 2B X3/ B m] DA S e L s A 0L
Hofth O R AE 452 2 B IE 5% (sinusoidal, projection='sinu') i/ H1% %4k (Robinson,
projection='robin') #5.

In[6]: fig = plt.figure(figsize=(8, 6), edgecolor="w")
m = Basemap(projection='moll', resolution=None,
lat_0=0, lon_0=0)
draw_map(m)

B 4-105: EREEIRS

Basemap $2{l T WIANFIIN S5, FRFRIE P.OMLEE (lat_0) FIZJE (lon_0),

3. EMIEE

BB (perspective projection) A& MIE—ANFEHL ST HER AT BRI HISE RS, shirR
PRESTER 2 Hp B — R A B ER FEAH — A R H AR EE, A5 Be P s 2R B AR A3 AT LABCAE
Bk F), — AN RISR B FE ST (orthographic, projection='ortho') #cis, MICHRLALM
SEHLERAT—M], Bk, Xk REe Bk Ak, H b A B B 2R RE A R
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(gnomonic, projection='gnom') #t 52 F1EK % °F Ifi (stereographic, projection='stere')
iz, IXEEPGZA T T Bonih B R NE AR X 5,

A IESEE RG] (A 4-106 FiR) -

In[7]: fig = plt.figure(figsize=(8, 8))
m = Basemap(projection='ortho', resolution=None,
lat_0=50, lon_0=0)
draw_map(m);

B/ 4-106. IE5H%Ss

4. EISEHER

[l %52 (conic projection) & JeKith BB B — A BHEMR, ARG PRI LR IT . XA R
SRATUASRARA B AP A RO (B e 5 15 ol T O X I T e S ™ AR T . — /> LAY R 5]
FEAE 22 Eh R A B # $c5Y  (Lambert conformal conic projection, projection='lcc'), L5k
RTAZ A WAL SE DN E . X TP 5 Bk b B 52 B — > P S brifi 44k (FH Basemap
i lat_1 5 lat 2 2400k &) Hiy R, XA ASSIE R L i odEn, EM%k
FRAELREL 2 NLL BB )N, EPE 2 SN LLBIUR B ek, Hhw iR b f
ZEPR e (equidistant conic, projection='eqdc') BeFZFNP/RIAMTEEFRHE (Albers equal-
area, projection='aea') %52, 4K 4-107 fioR, BHEPGZAIBEMECE 4, & A DR
/NG X SRR E

In[8]: fig = plt.figure(figsize=(8, 8))

m = Basemap(projection='lcc', resolution=None,
lon_0=0, lat_0=50, lat_1=45, lat_2=55,
width=1.6E7, height=1.2E7)

draw_map(m)
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B 4-107: FAIRBHTSERBERE

5. Hfth#g R R

AR RIE TEZEMCE 2 Wb B PR, B & Tl 77 Or 2 2] Hofh B 2 2 A i, 4R
IRy @M. LA FA R, 7R A LLE Basemap £2 /5 & (http:/matplotlib.org/basemap/users/
mapsetup.html) SCAEBEARFIENT, WRIREAMRZX HHBINE, HES K —FiEARE
PLEASHI TR 23l X SR & S5 UE R B OB Z B R AR 4 A Y
Hb PR |

4152 E—1HEE=

BT 285, F bluemarble() Fl1 shadedrelief() J5i: vl UL HihER$E ., F drawparallels()
F drawmeridians() J5 ik Al LA tH 452k 54 4%, Basemap /7B A £ MRS, AT
VAE A R TR R RS, Anblid, d0E, Wi, R, SEBIE o L, RETEES
MEDRL, THEFIZ T —LmE W E, ReThdsd IPython RSB DhRE & B BN A
M.
o PBERL R Sk
drawcoastlines()

IR B 1 R 2%
drawlsmask()

bl b SR BT 6, NI AT DALE R Sl e Hofth Bl R
drawmapboundary()

LB, WA AR G
drawrivers()

22T
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fillcontinents()

F—Fhgi e H e Kb, H 5 —FpgieaEseiiim (pk)
o BRI
drawcountries()

22 1l A 2%
drawstates()

225 1l 5 [l N S %
drawcounties()

L E R
o HhEThiEE
drawgreatcircle()

TEM 2 TR 2 il — A K TR
drawparallels()

2l Lk
drawmeridians()

g HIEZS2
drawmapscale()

FEME B B2l — A2 PEEL R
o HIEREH

bluemarble()

25 NASA W (i ek ek e
shadedrelief()

FEMB P L2 il 3 2 e P
etopo()

FEMD P L2 b TE 2 e P
warpimage()

e PR i E BB Bl A

iR A P b R RRAE, k44 28 E 61 &t Basemap [l I 1% B 4y $¥ 28, Basemap Rl T
resolution 4R i Bl R0y e, ATHE D B "< (JRAao#EER) . U (K5 3
R), U (RESHER). N (EodE). Y (RO HER), AR A D R
None, XANZHIEIRF BE . R WA E D RELIRE TEowR, BaEBE
PR,

TR SRR RG], KB BFFAR SPERISHIER . BT S LRI R
721 (Isle of Skye) G T —ik Kot A —okim o P E, e TAbsh 573 &, 7
262 B, FH—5K 90000 2y B x 120 000 2% B nT DA sk (4n/&l 4-108 FoR) -
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In[9]: fig, ax = plt.subplots(1, 2, figsize=(12, 8))

for 1, res in enumerate(['l', 'h']):
m = Basemap(projection='gnom', lat_0=57.3, lon_0=-6.2,
width=90000, height=120000, resolution=res, ax=ax[i])
m.fillcontinents(color="#FFDDCC", lake_color="'#DDEEFF")
m.drawmapboundary(fill_color="#DDEEFF")
m.drawcoastlines()
ax[1].set_title("resolution='{0}'".format(res));

resolution="l" resolution="h"

7 \

B 4-108: 5. EOWURMBURNLL

REKIL, AR PR AR EAE X A HORBE, i o BERIRCRE AR, (Ko PR
Ea B RVA, i H N bR AR R L o PR A B RR . E R
PRI, ATRERF 2 221 LIRA REFR B i 3 1 Y 0 PR —— e A Je A — A RE PR 2 LAY
SHERIFIG, SRR AW S o BER H RO L.

4.15.3 FEHE L EEHE

Basemap I FL5 ¢ SE H U D RE vl REmE & LAHL B 475 S i b & Fhdcdin . 8 RS pLt Bt
W UAEME B AR RTE 5305 VR LA Basemap SEFLFE: B 54 A AR P h L
PR ZR (X, ), R0 Tl T 75 VG o P s P o 43 Fh A 2B RO A

Bt 2 4h, Basemap SEfi|vH F £ J5 il S B AU AL, X LE pR 0 SR /E Matplotlib
BRI R, RAEERE T —/MM /RS 4L latlon, AnALiE ik e A True, sk nfli R
%E"Jé}:g%fg%ﬁ7 ﬁﬁm%&?g“ (X, Y) g‘éﬁ‘o

oy SHEA SR TR,
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contour() / contourf()
ek TRk
imshow()
2l —/~ R
pcolor() /pcolormesh()
AR 7 ASERN A 728 (pseudocolor plot)
plot()
LRGN 1 Bibr %

scatter()

LT ARZE Y AL
quiver()

NGBS
barbs()

221X (wind barb)

drawgreatcircle()

ZHIR IR

ARG R, TR RN E 2158, BAE LR, AR5 Basemap
TELCAY (http://matplotlib.org/basemap/) ,

4.15.4 ZH): EE N EE

FRAE 4.8 17 ¥ LRI AR RO B i %ﬁt 5#(/]\ 5 7B A e S DI AR Tl i
HRFIA T, 432 TR AR ERE, ALK UOEAE Basemap | SRHLXLEN T,

HIL, BZATARE B -

In[10]: import pandas as pd
citiles = pd.read_csv('data/california_cities.csv')

# PEHR ISR

lat = cities['latd'].values

lon = cities['longd'].values

population = cities['population_total'].values
area = cities['area_total_km2'].values

S0n, EALHER, SHIEdEECS, eSS SEG] (AnE 4-109 FR)

In[11]: # 1.4 Ry =

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

m = Basemap(projection='lcc', resolution='h"',
lat_0=37.5, lon_0=-119,
width=1E6, height=1.2E6)

m.shadedrelief()

m.drawcoastlines(color="gray')
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m.drawcountries(color="gray')
m.drawstates(color="'gray')

# 2. 2l EdR R OR, ABGIoR A DR

# and size reflecting area

m.scatter(lon, lat, latlon=True,
c=np.log10(population), s=area,
cmap="'Reds', alpha=0.5)

# 3. QIHELE ¢ 45 S 1 1
plt.colorbar(label=r'$\log_{10}({\rm population})$"')
plt.clim(3, 7)

# R A28 E 15
for a in [100, 300, 500]:
plt.scatter([], [], c='k', alpha=0.5, s=a,
label=str(a) + ' km$72S$')
plt.legend(scatterpoints=1, frameon=False,
labelspacing=1, loc='lower left');

B 4-109: FHE ELHIB=E
X B A R T S E NN OB AR SIS AL, (A4S, IS
UL (central valley) RS BRAEM, JLP5E 48T T ML ALK,

4.15.5 . HREEHIE

T PR AR — A Bt SE B A S 1 b B R PR ——2014 4 1 A R iR iE”
(polar vortex) Z2ifi 3& EIZREPRIZE G, SEHERY I S e Bt T LAE SE B 500 R b FE R 22
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LA (http://data.giss.nasa.gov/, NASA’s Goddard Institute for Space Studies) FYJ R uiFEE],
FATLHEH GIS 250 KKt , wTLAE I shell fy4-47 T3 (£ Windows b7 B &tk iZ A
&) o THEIEARZELE 2016 4E 12 A 6 H FHM, CER/NA OMB 4

In[12]: # !curl -0 http://data.giss.nasa.gov/pub/gistemp/gistemp250.nc.gz
# !'qunzip gistemp250.nc.gz

K NetCDF #45%., WA Python ) netCDF4 B2 R, 3@ AN TR

$ conda install netcdf4

SRR

In[13]: from netCDF4 import Dataset
data = Dataset('gistemp250.nc')

RS T KREAERREIE, WATAEFEESE 2014 £ 1 A 15 HAUEE .

In[14]: from netCDF4 import date2index
from datetime import datetime
timeindex = date2index(datetime(2014, 1, 15),
data.variables['time'])

Ra, IR SEEEAE, R R iR IR .

In[15]: lat = data.variables['lat'][:]
lon = data.variables['lon'][:]
lon, lat = np.meshgrid(lon, 1lat)
temp_anomaly = data.variables['tempanomaly'][timeindex]

)i, JH pcolormesh() J5 ik Hl AR IR Ak, el 1EERFALEMX, MR EE
BE DS, EER, XEFHER T ki (divergent) Hifadk, A —THiEFIEFERO,
FRB R 4y BIF R UBUE S IEEUE (A 4-110 FioR) . el BELE R e et 251 1 v 1=
LIEAZ I,

In[16]: fig = plt.figure(figsize=(10, 8))

m = Basemap(projection=" lcc’ , resolution=" ¢’ ,

width=8E6, height=8E6,

lat_0=45, lon_0=-100,)
m.shadedrelief(scale=0.5)
m.pcolormesh(lon, lat, temp_anomaly,

latlon=True, cmap=" RdBu_r’ )

plt.clim(-8, 8)
m.drawcoastlines(color=

’

lightgray’ )

plt.title( ‘January 2014 Temperature Anomaly’ )
plt.colorbar(label=" temperature anomaly (J C)’ );

P rh e R TR X AR % LA K DL, SEEUREBELIE W R UL IR 2, vl
AR RE S ELIE B R LR 2 o A ot BE A DX 1 BT 55

 4: f£ Windows Z %% ik BB T4, Bil4e2 Git for Windows (https://git-scm.com/download/
win) ) curl 4, BT
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temperature anomaly (°C)

B 4-110. 2014 F 1 BRIERS

4.16 FSeabornf{ BT ML

H K Matplotlib EL2IEH T B S 4oxt & — 2 9 s M B A7 i g T it ik T &, HA2ED
fdH KBy AT A AKINEA LR ThREIE A R £ . Matplotlib I =4 FF “TRR” B4
mr,

 Matplotlib 2.0 Z Hi iR A I ERIA B B AL A A P i s ek 8. Z T BRI RGE 2
17 #1999 4EHif5 1 MATLAB, Hl—E /.

* Matplotlib i API LUK EE . BARFTUASEEL & ZHIGE THEdE /T AL, (B R 2 E
KREFIFEH D (boilerplate code)

* BT Matplotlib b Pandas 5+ JL4, R &I A A&7 Pandas {Y DataFrame X111, 4
7 SEBL Pandas [1) DataFrame £(4iE (AT 1L, IRAAHIIIREUEEA Series, SR J5iH LT
BB A FERGE Mk, AR A i B RR T A T LA Re b A DataFrame AR
&, B—E SR,

% B[] R A 2 25 2 i Seaborn (http://seaborn.pydata.org), Seaborn ££ Matplotlib FY%fifi |-

FFR T —% APL, AEINWETEA GG X B AL T EE:, AW HINGTH B E

STV R R, 15 Pandas DataFrame FUZhREAHLEE & .

UESLih, Matplotlib A th— B AE 4% ) it e ix S8 1)@ . B LE Matplotlib H A hA T plt.
style TH (&S W 4.13 17), 1fi B 55 Pandas %4 th vl UL Jo4% ff# . Matplotlib 2.0 fik
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B4 AE X Z AR bt iR . (HARIME Matplotlib 448 T ix4Edt2, Seaborn 1/}
SRAE kA B A OB R 14

4.16.1 Seaborn5Matplotlib

"I ifii F Matplotlib [ 28 B I T AE RN B ¢ 75 2 i — > 18 S5 B AL & (random-walk) &,

In[1]: import matplotlib.pyplot as plt
plt.style.use('classic')
%matplotlib inline
import numpy as np
import pandas as pd

O — LEREHLINE & A -

In[2]: # GIE—LEdR
rng = np.random.RandomState(0)
x = np.linspace(0, 10, 500)
y = np.cumsum(rng.randn(500, 6), 0)

SRJEE— R S T (A 4-111 FioR) -
In[3]: # FAMatplotTibBRIAFER mE &

plt.plot(x, vy)
plt.legend('ABCDEF', ncol=2, loc='upper left');

4-111: Matplotlib BIZKIAE BT

RERKAERAES THRIMTEEREIVIARELR, HELZRBEAAIEAFHE, H21 it
0B PRI B SE IR B A St i,

FRAE 22 1 Seaborn & SZHL, FMT1E& KB, Seaborn A (A U £ w5 2 11 i B Bh g, Wi EL AT
LA 5 Matplotlib BRI 257, M if F & 5 19 Matplotlib AR #8743 5 47 5% . wTLLH
Seaborn [ set() Fikik BAER, ARIEAN, F Seaborn S AL H sns:

In[4]: import seaborn as sns
sns.set()
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AR, HEpnaft ZaiimirmE AR (anE 4-112 fiR) -

In[5]: # [RIFEAYmE RS
plt.plot(x, y)
plt.legend('ABCDEF', ncol=2, loc='upper left');

4-112; Seaborn BBKIAH B
BOR WS T4 )

4.16.2 SeabornEf 4%

Seaborn ) =E 2 BARE F & 2 i A A S BAB IR B IS TR AULA Gl £ FREDE .
TR AT 45— 2L Seaborn H BB EFNIEIE A, BRI A X £ E AR AT LA Matplotlib
A SEEL (HSE Matplotlib gt /& Seaborn [JEE)E ), {H A Seaborn API 255 J51#,

1. SR EHE . KDEFNZ EE
{E#E %’Elﬁﬁzi‘%—fﬁﬂzﬂj‘ ?iaﬂh_ AR IR BT BN 2 A BRI o A Bl AR
Matplotlib B A TEL WL, FXELEFI R (20 4-113 FioR) -

np.random.multivariate_normal([0, 0], [[5, 2], [2, 2]], size=2000)
pd.DataFrame(data, columns=['x', 'y'])

In[6]: data
data

for col in 'xy':
plt.hist(data[col], normed=True, alpha=0.5)
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B 4-113; SRNE LB hiFE
B Tk B 5 B, 314w UL H KDE #k BUZS & 43 A B9 7 5 1 if, Seaborn i i sns.
kdeplot 5B (4N 4-114 FizR) -

In[7]: for col in 'xy':
sns.kdeplot(data[col], shade=True)
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® 4-114. KDE ¥t hisit
JH distplot AJLLLFHGiZk B )5 B 5 KDE &4k (A& 4-115 fiR) -

In[8]: sns.distplot(data['x'])
sns.distplot(data['y']);
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B 4-115; SANEHBS KDE NES

AR 1] kdeplot i AFE “HEEE S, B2k rTUABRAG — A “4EEdE T LE (AnfE 4-116
FR) -

In[9]: sns.kdeplot(data);

®4-116. —#4 KDE

A sns. jointplot W] LA B EPIAAE B IR & o A 5 R B SNT or Al, EXAETE
EHAEER (aE 4-117 Fir)

In[10]: with sns.axes_style('white'):
sns.jointplot("x", "y", data, kind='kde');

Matplotlib£ ] ¥4k | 277
BR1tK£R ChenyangGao(2339083510@qq.com) E= EERIY



/\

pearsonr = 0.63; p = 2.9e-225

-2

® 4-117. % KDE NEEHHE

FILAR jointplot E#fFidh—262: 8, fildn, WSSk B 5 (AnlE 4-118
FR)

In[11]: with sns.axes_style('white'):
sns.jointplot("x", "y", data, kind='hex')

O 1

4 pearsonr = 0.63; p = 2.9e-225

3 | DL |

¢

-1

-2

-3

B 4-118: ANLRENKEHITHE
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2. B E

Y URFTEN 2 GEBAR AT /TR, BB HFEREE (pair plot) , AnRAHm H B A
AR AR R Z AR BT, AR P PR 2 A B A R 2 L (RIS RE G 3 A2

T A S AR R OR, oA =R RALRITE M 5L -

In[12]: iris = sns.load_dataset("iris"

iris.head()

Out[12]: sepal_length sepal_width
0 5.1 3.5
1 4.9 3.0
2 4.7 3.2
3 4.6 3.1
4 5.0 3.6

petal_length petal_width species

1.4 0.2 setosa
1.4 0.2 setosa
1.3 0.2 setosa
1.5 0.2 setosa
1.4 0.2 setosa

Al ACREAC R 2 AN B O R ARH i, E R sns.patrplot BR[| (40f& 4-119 FioR) -

In[13]: sns.pairplot(iris, hue='species', size=2.5);
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4-119. M EEHVEEE
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3. SEHUREFE
A IR U 52 B 85 A F) T Pt 18 B B - S ATk B 1] . Seaborn fY FacetGrid efi% ° ik
X AEER R . RER BT RS RN IR (AnfE 4-120 FR)

In[14]: tips = sns.load_dataset('tips')
tips.head()

Out[14]: total_bill tip sex smoker day time size
0 16.99 1.01 Female No Sun Dinner 2
1 10.34 1.66 Male No Sun Dinner 3
2 21.01 3.50 Male No Sun Dinner 3
3 23.68 3.31 Male No Sun Dinner 2
4 24.59 3.61 Female No Sun Dinner 4

In[15]: tips['tip_pct'] = 100 * tips['tip'] / tips['total_bill']

grid = sns.FacetGrid(tips, row="sex", col="time", margin_titles=True)
grid.map(plt.hist, "tip_pct", bins=np.linspace(0, 40, 15));
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4-120: DEMXELB

4. BFHE
7B (factor plot) Xt Bt 1 & AT rT AL 5 ik IRATLAE L B EE— NS HAE S
—AZHA R AL (AnlE 4-121 BR) -

In[16]: with sns.axes_style(style="ticks'):

g = sns.factorplot("day", "total _bill", "sex", data=tips, kind="box")
g.set_axis_labels("Day", "Total Bill");

5. Bioyrmssik )5 El, faceted histogram, ——iF# {1+
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4-121. BFBPAEBHB TN

5 BKENH
5 R A 28 AERE EI 2610L, ATLLR sns. jointplot i\ A [R] 45 48 4 L A 40 A7 RN & S HE A
Bs A (g 4-122 FioR)

In[17]: with sns.axes_style('white'):
sns.jointplot("total_bill", "tip", data=tips, kind='hex')

ol

pearsonr = 0.68; p = 6.7e-34

10

tip

10 20 30 40 50
total_bill

4-122; BXEHHE
et A B AT LA A 2hift4T KDE FnElE (40 4-123 i) -

In[18]: sns.jointplot("total_bill", "tip", data=tips, kind='reg');
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A,

pearsonr = 0.68; p = 6.7e-34

tip
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B 4-123: HOPIESHNHKENT

6. ZHHE
it 1) )3 51 45 48 7T LA sns. factorplot ) H 45 TE B, 7E T HE MR EI A (45 4nlEl 4-124 fir
), ATV 3.9 AV T R EEE R TR
In[19]: planets = sns.load_dataset('planets')
planets.head()

Out[19]: method number orbital_period mass distance year
0 Radial Velocity 1 269.300 7.10 77.40 2006
1 Radial Velocity 1 874.774 2.21 56.95 2008
2 Radial Velocity 1 763.000 2.60 19.84 2011
3 Radial Velocity 1 326.030 19.40 110.62 2007
4 Radial Velocity 1 516.220 10.50 119.47 2009

In[20]: with sns.axes_style('white'):
g = sns.factorplot("year", data=planets, aspect=2,
kind="count", color='steelblue')
g.set_xticklabels(step=5)

FABE TR AIR T (method Z24%) KIUATRAVECE, 4nlE 4-125 k.

In[21]: with sns.axes_style('white'):
g = sns.factorplot("year", data=planets, aspect=4.0, kind='count',
hue="method', order=range(2001, 2015))
g.set_ylabels('Number of Planets Discovered')

282 | Ha4E



200

150

100

count

1989 1997 2002 2007 2012

4-124. FREHBRRFBHBARLI

100

year

B 4-125: RAFH. DELTENME (BHELHREETES)

T H Seaborn i B[ ¥ £ {5 8., 1E2 7% Seaborn (44 (http://seaborn.pydata.org). %I
2 (http://stanford.edu/~mwaskom/software/seaborn/tutorial.html) F/1 Seaborn [ & (http://
stanford.edu/~mwaskom/software/seaborn/examples/index.html) o

4.16.3 ZO|: REDRRLERSEE

T4 A Seaborn 35 ThHi AL BRI B ETHEAT RTARAL . e B P DR B s IRECEL A
R HE BRI B R8BS B, B UE GitHub Bt T3 (40 R*T Python
A 2% T e e L8R, 75 )i% Ryan Mitchell B9 (Python WIZ& 58 RAEY ©), T M GitHub ¥
vl R ESE, HonZE Pandas

In[22]:

# lcurl -0 https://raw.githubusercontent.com/jakevdp/marathon-data/
# master/marathon-data.csv

In[23]: data = pd.read_csv('marathon-data.csv')
data.head()

Out[23]: age gender split final
0 33 M 01:05:38 02:08:51

£ 6. Bl ANRBPHEEGHE AR, http://www.ituring.com.cn/book/1709, ——4w&{E
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1 32 M 01:06:26 02:09:28
2 31 M 01:06:49 02:10:42
3 38 M 01:06:16 02:13:45
4 31 M 01:06:32 02:13:59

BRI LT, Pandas 2% $E 1} B #1324 Python 7= 7 Hi A% 20 (AU & object), w[LLH
DataFrame 1Y dtypes J@MEE BT .

In[24]: data.dtypes

Out[24]: age int64
gender object
split object
final object

dtype: object

B/ R A I ) S TR ER K

In[25]: def convert_time(s):
h, m, s = map(int, s.split(':"'))
return pd.datetools.timedelta(hours=h, minutes=m, seconds=s)

data = pd.read_csv('marathon-data.csv',
converters={"'split':convert_time, 'final':convert_time})
data.head()

Out[25]: age gender split final
0 33 M 01:05:38 02:08:51
1 32 M 01:06:26 02:09:28
2 31 M 01:06:49 02:10:42
3 38 M 01:06:16 02:13:45
4 31 M 01:06:32 02:13:59

In[26]: data.dtypes

Out[26]: age int64
gender object
split timedelta64[ns]

final timedelta64[ns]
dtype: object

XAEREEML T . A TREMEA] Seaborn W&, ABTEZEARIN—F1, Kt [AGTL R «

In[27]: data['split_sec'] = data['split'].astype(int) / 1E9
data[ 'final_sec'] = data['final'].astype(int) / 1E9
data.head()

Out[27]: age gender split final split_sec final_sec
0 33 M 01:05:38 02:08:51 3938.0 7731.0
1 32 M 01:06:26 02:09:28 3986.0 7768.0
2 31 M 01:06:49 02:10:42 4009.0 7842.0
3 38 M 01:06:16 02:13:45 3976.0 8025.0
4 31 M 01:06:32 02:13:59 3992.0 8039.0

SL{E AT L Jointplot s, MTTHHECHEAT AT (AR 4-126 FR) -
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In[28]: with sns.axes_style('white'):
g = sns.jointplot("split_sec", "final_sec", data, kind='hex')
g.ax_joint.plot(np.linspace(4000, 16000),

np.linspace(8000, 32000), ':k')
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B 4-126: DAMARIEIEMS S RSB

B SR IR FOR— N N SRR R R — N R e iRy, B R 5 AR A ]

R

o Ny

i Skbri Gt AR W], Hk 2 B NSRS R iR ig (LA FED . anRiRZ it
BB LT, B2k — @ s A L NAE LRI o R B P —— s AR LE TR “Jai AR

g™,

O —%1 (split_frac, split fraction) SRF RANEEREMZES, i b3E T /A hns

SRR E HRR E -

In[29]: data['split_frac'] = 1 - 2 * data['split_sec'] / data['final_sec']

data.head()

Out[29]:
33
32
31
38
31

A WNERE O

age gender

=E=E=E2=E=

final
02:08:51
02:09:28
02:10:42
02:13:45
02:13:59

split
01:05:38
01:06:26
01:06:49
01:06:16
01:06:32

split_sec final_sec split_frac
3938.0 7731.0 -0.018756
3986.0 7768.0 -0.026262
4009.0 7842.0 -0.022443
3976.0 8025.0 0.009097
3992.0 8039.0 0.006842

AR R 2E S R R (split difference) /NT 0, BEFRRIXAN NEFEREINEAE T, ik

Tl TE 2 R R B A (AnlE 4-127 BoR) -

In[30]: sns.distplot(data['split_frac'], kde=False);
plt.axvline(0, color="k", linestyle="--");
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B 4-127: QIGHEERAYNHE, 0 RRAIGEIEFRITED
In[31]: sum(data.split_frac < @)
out[31]: 251
TERZ) 4 T AR LB IET b, HA 250 A NREMCE] G- ik

TR ARG T RS B & A B A, H— A EREE patrgrid mitH BT A4E
wIEAFRSC M (A0 4-128 FioR) -
In[32]:
g = sns.PairGrid(data, vars=['age', 'split_sec', 'final_sec', 'split_frac'],
hue='gender', palette='RdBu_r')

g.map(plt.scatter, alpha=0.8)
g.add_legend();

ME R RTEAEH, BARRTE R 2 A5 SRR oAt (R 5 LS
808 T EAESC M SN REET, SEEENFEERERETRE -8 K
BN, (BB A 4%0, Seaborn W75 4 524 5Ll Matplotlib FIJEFER A AR . X B 32
B x PhZIEEESMIN, HH T2 A i B 80 Matplotlib I, 17 LAi% I
4.12 AT B 5 I VAR L A )

Kb B Ak T 2 R A ZE S A BRI . RE X ALE Tl a2 B R Bk 5
B (40l 4-129 FioR) -
In[33]: sns.kdeplot(data.split_frac[data.gender=='M'], label='men', shade=True)

sns.kdeplot(data.split_frac[data.gender=="W'], label='women', shade=True)
plt.xlabel('split_frac');
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4-129: BLEFRIG¥EERRENHIER
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Bt , Eaifa R e Frh, BEFLEFELREL] BLEFHOME

AR LT R G S A . FRATE B F AR (age) BIAG A m HK, BRESEE

(V=

FH/NMREEE (violin plot) FEATIX R4y A AR ELAE AN AEERD TN (AnfE] 4-130 FiR) -
In[34]:

sns.violinplot("gender", "split_frac", data=data,
palette=["lightblue", "lightpink"]);
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4-130: RIMEEBWLSLEFBFEERAY
TR 55— O EE 55 L Tl e AR 25 S AR B A i DL 5 2

LB E B X E, WA AR A s S /MR SR B, R b A — A5t
Fl, FoRBAETFIIERE (20E 4-131 FioR) -

In[35]: data['age_dec'] = data.age.map(lambda age: 10 * (age // 10))
data.head()

Out[35]:

age gender split final split_sec final_sec split_frac age_dec
0 33 M 01:05:38 02:08:51 3938.0 7731.0 -0.018756 30
1 32 M 01:06:26 02:09:28 3986.0 7768.0 -0.026262 30
2 31 M 01:06:49 02:10:42 4009.0 7842.0 -0.022443 30
3 38 M 01:06:16 02:13:45 3976.0 8025.0 0.009097 30
4 31 M 01:06:32 02:13:59 3992.0 8039.0 0.006842 30
In[36]:
men = (data.gender == 'M')
women = (data.gender == 'W')

with sns.axes_style(style=None):
sns.violinplot("age_dec", "split_frac", hue="gender", data=data,
split=True, inner="quartile",
palette=["lightblue", "lightpink"]);
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B 4-131: BIEEBRIAGIS. FRROBIGHEEERAN

it FEATUE W BLOE TR ZER: 20 £ % F 50 2% &AFR BN BEF I a2
72 5 R BRI FE AT LU R AR B 2o TR — 28 (B T LAU AR B AR R # An itk ) o
WA A NEFH S 2, BB/ TP UL Er ik F AR LR R AE04 B Bk TR BT,
XA REAE XA R B e T )L, A KD

In[38]: (data.age > 80).sum()

Out[38]: 7

AT ER R AL FAEEE . b0 1EREE? e 2 R R B S LR R S EA
KNG AT CARAN B B . T regplot A% B Al & — A Stk IR (4nf&l
4-132 fi7R) -

In[37]: g = sns.lmplot('final_sec', 'split_frac', col='gender', data=data,

markers=".", scatter_kws=dict(color='c"))
g.map(plt.axhline, y=0.1, color="k", ls=":");
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B 4-132: BLEFNRIBFEERAMSLLRERE
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(P .35 JE P R s B e T2 EL B BGAE 15 000 F5, Bl 4 /NP2 NEIFh 1T, KT
XA ST TR A B 5 e R i .

417 BEER

4.17.1 Matplotlib& &

(UEEAR B —EA N A AT RESZ 4 78 2% Matplotlib FUIhRE 5 EERAY, 5 2R/ 485t i HAth
FEFF 2L, TE4R 2% Matplotlib /) AP I, i i IPython [ Tab f###b 2 FNHEBY ThAE (TEHG
HEZEW127) &A% AR, B, Matplotlib BIFELSCRS (http:/matplotlib.org/) Hi 23k
WA MM E R, o H & Matplotlib # B (http://matplotlib.org/gallery.html) T [ FF [1Y
SRR G B, sk B ER B R — A IR B R
Python ARG GUIAT, @l ixX A5, URik v DA WS 5 2] & APAS Rl D 2 B A S WAL
BAT.

AR B — AT Matplotlib [NZ%545, IBAIKMESE Interactive Applications Using Matplotlib
(http://bit.1y/2fSqswQ) , TEF & Matplotlib [J#%.0JF % % Ben Root,

4.17.2 EfttPythonE EIEFE

5K Matplotlib 22 5z 14 1Y Python ’IML{LR 7 e, (HHSGEA U 2B A m & T H L {E A —
WITE, THEE RS AR,

e Bokeh (http://bokeh.pydata.org) *&—~F Python A s JavaScript " LR T4,
FrHER SRRV IR IhRE, AT R RAHEEAE N / S 8dE . Python Rl &3
Az p—13 JSON iy, iliid Bokeh {9 JS 5IEEUE AT Y

* Plotly (http://plot.ly) # Plotly 2% w]F % (IR £ FF J5 7= 5, ﬁi&iﬂﬂé\'ﬁ Bokeh AL,
HT Plotly IA—JF A& 4T, BIAE] T &R & Sk, AT B,

 Vispy (http://vispy.org/) & — /& T REMWHETHCWIHE, BT et
OpenGL # 1 _EF B Wl CATE Sy R LKA B A%, BRI wT DAYE G A NBUA U IR R R 5L
RIS A

e Vega (https://vega.github.io/) 5 Vega-Lite (https://vega.github.io/vega-lite) % FH 75 B2
(declarative) BEIJERRFTH:, AEAEEHE /TR RIS 5 2 AR RIBF S BCR BT B it
2 BEP{E e JavaScript, {Hat AP 5RFEIEZ L6, XA M Altair #2574 (http://
altair-viz.github.io/) SZILIY Python API, %k B ETb A B, (HIRARER BX 2™ i
WA Python FHth ZR R 15 = A HHoAH R BAE v AL A B A i 4 ey A

Python #: X HLAECHE T AL A2 (R AT U8 HOB A S, ARATREFRBLAE S BYIX LE N 2 AE RN HH Rl v
O T, 15 RN 5EE Python HdiE v ALY Sof it & |

NEl
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BOE

Hlgk=>)

HLas % SIEVE 2 5 AL rT AR R R SR 2 R DM £ F B, WLa 21 HEdE R
HIHHRRE DANRILRE D RTRAN ST LA R, HEe 2 a5 0 ANk B R RE A s B
R, XA T R ST S BRI 22 ) AR Bt o 05 72

WL EATEBAEKRGAT T, i —Fureds:. REXNEHEM TINHRES, B4
FRB R BRE AT LGB 7 MR IEanfRFrZn, “HEAMER, PLRER7, Fommilba
B, BARPLES F 2 G AR R K, (R an R A R i X e 5 s, b S e A 2
Pk al, RN E SR — S AR ST S, Flanfmzs (bias) A1 7% (variance), it
#l4 (overfitting) FIRHLA (underfitting), ZF5E,

AREPEE ST RSB TS 5, 228 A Python 1Y Scikit-Learn (http://scikit-
learn.org) A, (AARFEHEA 20 E B F SN TIR—IBE — PR K,
FENHAZBARBIEE., B, REHARE Scikit-Learn F2FF (3 THEE £ T Scikit-
Learn F2/PELAINZE, 1S 515 1) WOULIAAS, ARAFEZEHARAT,

o EBHLER S I EEARARTE R .

o JT43 Scikit-Learn ) API & FHE:wf1,

o VRN 4R — LB T AL AR 2 R AR A fE -5

REEF 2 N EBIR B Scikit-Learn ZF2F1F 2 HifE PyCon, SciPy. PyData FI{fhs2 R 2%
WESZRINE ., LLTNEARERX 4 2 EURSSE S AEENA XL

B, ARIRTFERE AR T FHSCEE AR, AL 5.15 TN .

51 {(t4==F%Y

FET BE RIS N T IE 20T, BRI LRLGEF], fT ARG

A
=
5
4l



2B N T 68 (artificial intelligence) AY-T-45its, {HIRG15
FHEEE. BARATHLER A2 IR SRR AN LA ARSI, (LA
BARFHAGuR, RTINS 2 B — A BT A,

HLE 7 ST AR Ut A 8 B B A R PR A . 2 A 145 B8 b T LA I WL 4540 ) T 33
SHIE, "7 IR T SRR BOACH B WEER (22T BIRE D, — HARRY
FTEAUA IH I, A8 2 ek vl AT R R Bt . fEfR iz, 3%
Koy F S TR ISR AR, RS RIBCARTAY "] RS A ik
) “52]" AL

F T EELARHIL &% 2 > (R RE A 2 RO A AL & Al Les 2 ] THESCEE, FE gk
THLE 2 T IERTA T 2.

5.1.1 ¥HSBFEIMHE

BLES 2] — e T LAy A i B2 (supervised learning) FITCHEES>] (unsupervised
learning) ,

BUEBESIZEMEHRNE TR SE TARE (KB 2RI Betk 7 iyl fe
R R Rf o, gk v DA R, P BT R it b X e 2 BT LAk — 2P 4y h oy 26
(classification) E55 5BV (regression) t£55. fErFtE55rh, brBaRE BHUA s M LR
RS, PREHEIESE, TMSIEREINE T X PR B 21058,

T MBS S AR AN A AR I BE R A R A T RS, B BB B —Fh “LEEE A O
HAC” W, XA UFEESE (clustering) E55 &Y (dimensionality reduction)
155, BB AT LGSR 2 BAS IR AL B, 1 A2 T 78 o A O 17 37 1 05 S B A4
B NEFESFERE RN B A 23X R B2 21 5

AN, B —FEEEES (semi-supervised learning) 77k, AT HWEY 5L ES
S ZIAl, B ) 05 Bl R T AR AR 25 A 2 B

5.1.2 HREFEINAREMETG

TR AT 28— L AL SR S IR SR, L e R PR WA S BAR— R IX ST
RRNMEREANAE PR ERRYLEF RS EN, ERIEEA, 2k EEAN A
FHICAE TR LA PR, AR ARV T i Se e R 2405, AP AITE S WARLERT % (https://
github.com/jakevdp/PythonDataScienceHandbook) 4 5 T T &/ 7R 5 HH 2 B Python RS,
1. 7% MNSHERE

FERFE AR EAES . RAFRATE — SR 2 EAE A, A 2 X 26 (5 BB
HARE R EAE Rtk T 2%,

(B 403 SE Rt s o3 A A B 5-1 o (2B B e BEFNAS 7 v 10 = At BT A B i AR B AR 7R
GitHub FI{ELEMR )

BAVEBIRY R AR, g Ui A Bt RaB A /N FE, (11 A AR (x, )
PLEFRIR. B, BAIEIE SEH —FEl TR — A KBIRRE, —JLEMAE, 251

SR 07 A 2
2SN ST T
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PR IR . ARG X SR IE AR 28 G — AR, 35 B 3T I T A Kt s
R REOMIBUY R AR CU

Input Data
L]
— @ o L J
D ® g0 g
L ] o @ L] o
® LI ~
@ @
- @
z
5
&2 L] L
™ O
» ® a ®
.. ..
® [ ]
feature 1

5-1: BRANXFIMES

BIRAVF L ATUMR R SR 55 R, (ER X LB A S e i B —Ff, BB Pi A — 5%
ALK RRZE T R B2, ELZRAIMMI S B —Fh T, A2, FRMIAUBRTL S “—
FAUA RV AL”, MRSt B2 B 55 MAEUE, X LR 24 (1 s g
ATLLE 22 2 Bdn gk A (b pLE 2 28 “42217), XA Rl T AR A DIZRA Y,

B 5-2 A A X LA 5y i NIRRT

Model Learned from Input Data

°
. ® e ®
© ® g0 g
e o © e @
a © _
O ° -
o I =g R
o _ - - ]
B I —
g I
| I
&£ Y S -
- === s [
® ~®
. [ ]
o® .,
°
. [ ]

feature 1

52, fERIXER
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BRHUE CLVIZRET T, AL —AVHHY, ARSI BER o2 7. habid, il
LA E TR, X AR B 2 m A L, AR A ARE X AR A T oy BLRR
XA Bl AR ATRM, ankE 5-3 BroR,

- 5

@53 XIHHIBMANRED

KRN AR AR R BB, XA 2T FRRVREURE EA BB AR, NI

—Fih, RATRES A RARE B R A SRR, AR5 E— 4o Bl Sk v LA

To B2, HLEe5 2105 AR F A SR e R B oo 4 A5 s SR 43 25 )

LA WR 4 AT 55— hr IRt ok B SR BIA G, (EIX AR5, FATTE A S8R5 LT RRAE

Bhr%,

o FFE1. $FGE 2 HHE 0 — BB SR E AR IH— (L & (“Viagra”
“Nigerian prince” %),

o FRFE — “HrRmBOET B EdmpeET,

TENGREAR S, X EehRZE T REAE A Ll W82 /D Bl PEAEAR R0, Wl AR b -

BT SR R IR . — /N UIZRAE B 2R R R R A RHE Gl & B

T B ASGEE), waedER sttt 2, 5.5 A A AR ril1-,

BADES TR T8 — Lo Bm W KA, BAEEHANE WS (CEEIES W 5.5 710).

TR ENL (FEEIES I 5.7 1), DARBENLAR R 28 (PEETES I 5.8 15),

2. [\E3: FNELARE

THECRFEA BBV S 5B R % o K EEAM R, HAR% RS,

Mg 5-4 FronrIBdn e, FraPEARRIAREEARE — MBS X AN .

FURITE B Fon Bl —HE, 3N —A Z4e 8o, BRI ARHE, B Bk

TN RHESRRE o
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Input Data

° .
o o ® .o... ...c
@ ....‘: ....‘ .
® .
¢ :‘f" ® o See T
¢ @

feature 2
&
... ..
‘3- :.
[}

feature 1

B 5-4: —TBEN0IPLES

SR VF 2 AT AR i S B Ay el D878, (LA 17138 2 D A7 B 28 e 50 7 fe ol 0
o PR RZE R AR R RS, AnRIRITHEAR R B S =, AP 20t vT LA £
PR B AP R ik 35 A4 O AE P L 2 AU (R e B S T

Al AT CLR e nT R B 5-5 RIS

label

feature 1

B 5-5: Q3HIEN=4#MA

TR, X EAHE 1 59 2 P 5 200 e BRI —FER), SR TSGR =4k
FrE L B RonAR % . X AN, A B AR . AR S 4R AR UA B,
AT DS AR (5 A SR A T T [ B 50k A eSO B B, G N SR 25 2R
mE 5-6 fims,
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Input Dat_a with Linear Fit

feature 2

feature 1

B 5-6: OPBEENER

XA UL T A T E B SRR AR B T YR . RO DA E MM R B SR, e 5-7
i

nnnnnnnnnn Predicted Labels

$ e 0% 4, 04 9
®ee © LY
.
% %0 % . ° B *e.
. o ®ee g e oee
‘uu.“.od\‘. 8 % -\.
. nog.r"c o -3.{.'
¥ °
A S < o wol o
. S 'Q. L3S e b. oy
° ° . O
e o (4
.
. .
featurs

B 5-7: WHAENRLDIRE

2RI 280 5 FoRBIZALL, XA BIASRBILE e B B A R wT RE A fa B, (R ix ik
FSEESNELLT, EOTRTUAE R T oAb & K BRSO 4E

AT S5 A TRl I R SR BB ) 2 R B ——(E X TS5, mTRES HFILA
THRHE SHR%

o FHE1. $FE 2 HFE 0 > BRAETHRESHENERNREE,

o IRE — EAMEB LR (redshift),

b B AR B AT LT HAEE Gl A AR ) e, 25, AT
FHE 2 EA B 5 T Hth 2 R IBE B, MATREABNERESFHE RN K,
FERICHFEIR A, X n] 0 F R A “MIELIF2”  (photometric redshift)
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M 1B B8 —Be B [ A5, BREEMERIE (BHEIESIL 5.6 15) . KFRmEL
(BHEIEZ2 W 5.7 79), DAKBENLARA RS (GFEEIESW 5.8 7).,

3. BBk ATIREEIR R MR

R 2809 1B V3 5 20 s (B AR & A WB 2 2 R, S E ST — A 28 e Tl B B i A
%, TCWEBE U R IR B ZR A A E AR B

TCW B2 B b 2 — st “RB2RT —BABWR AL B 3l B TR ki B,
Filan, FATE K 5-8 iy —4H 45k,

Input Data
. (]
. * -' L)
“’.: .~.I"I-'
.:'-ll [ ]
ase
¢ 'l.:.
o [} .
o .'.

feature 1

5-8: BRXHIE

DUA T A IRALEE , ok nT LR IHr b T H X 28 s RSV TR AN . — /SR S AR A
B Y [ A SR PR i TR ARG . it fecth . e WY k-means BEHIE (1F
FEEZI 511 7), el LLRILANTE 5-9 Firiy ek (cluster).

Learned Cluster Labels

. .
o : LY
[°) - °
’%‘Q]%é’ o e z?.'
00 0,00 [
o 2 e
® %0 g @
o ° 3%, o
e
®e
* o
u::'!" .
e o 8,

feature 1

B 5-9: k-means BBRVSHBIKUBIRE
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k-means 24L& H—A~H & A FE O S IR AL, e DL 35 rp ol n0 75 250 2 B v A A A
RENZAOR S B RRL, AR, £ 47 m EHRRRE AR 4 HE, (B EEdE &
HORBOR, AR, BRI THRFELIRENE ESTH 1068

FRATTPRAE 5.11 VT 28 k-means BT, HAb LR EFE LA SR A B (1
THIEZ W 512 95) Fig Rk (PE1%1E 2 7% Scikit-Learn % 2% S04, http://scikit-learn.org/
stable/modules/clustering.html) R

4. PEdE . HERT AR HIRRSEHE

Brdfd 70— R W B Fon ], SR NEEE A S A AT AR B A AL 5 B BAR R4
L Z R B BRI RIS R 2, (R — Mok, PRl Sk 15 DR IIE i 4Bt i 55 14
TN HREC — MEAE AR . AR PR TR AN TR 75 Ml & P i, 5.10 5RE 4
ZET I

A AREIEATEOR, B anE 5-10 FioR,

Input Data
- ...‘
& -
el . 3
e
~ .-= -.. . :I
g . '; ~.
‘\u’s; * . ol .
- ‘- I.
-:‘.. L :.
g I TR o
] X =|
P
fr -* FY R
feature 1

& 5-10: [RAETHIZIE

M B R T LTS 3t B B A7 (E SRR EE A . X SE Bt s A2 2P b MR — R 2 A oy
HoHES . WEFIERE b, IRATDAGEX S5 8t “A R 17 A —4E, B —JEE ik
FE AR 22 A LAY o 38 A X A B P2 A5 T A (U R Sl 2 R A R iR 545 b, 1
Hib g4y MR,

Bl 5-11 it Isomap FHEAM B AT IAMLEER, B —F L R TREGX 3 MR iR T
S RER
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Learned Latent Parameter

- .‘
* el
a0 % ¢ ‘:
J": ]
. & %% T 2
. AL |
8 °e oo . z
B § y S §
'-.. U%B@bcﬁ’%’ -
¥ -
k] .
Pres et
feature 1

B 5-11: RARRGHNABIRSE

THER, ERREe GORRREREIN e E) RS 22k, £
AR AR I T IRFTREM S BIRIE A . R Z AT ST 28R B M0L, PR Tk Rl A SEAE
REBE i e a4 RER SR I, Bildn, F&ATT REFR S0 — & 100 2 1000 M RFAERI %L
PR AE P AT AT . BEXE A 1000 ZEBAR EFT AL A B oRrIBkiR, —
PR INE A I PR A, LEFRATTRT DAL SE 25 55 AC BR A — 4 o = 4 23 [A] b g k47
AT,

FATE S TR 27— Lo | SRR RE, AR TR o0 GEEIES I 5.9 77) &bt
2%k, lsomap Bk, JREPEMEHR AR (FEETHZ I 5.10 7).,

5.1.3 NG

Hf A28 T —2EpLEs o 2 D7 IR AR R B, S ARFRATINGSS 1 VF 2 TSRS 17, (H
Il Ay X I FTCALE PR AL &S 27 21 05 i gt phe (e il 1) e A JB B A B T MR

Zi bR, AN BREEALTNE,

HUH
AT LA AR 2 B B AT i b e AT
FES
ATLATIIPA A~ 82 A 8 o FAR 2 R
=2
AT AT S 2 R Y
REH

TRAITCARE R SRR

3 | 299




KA

RO, PRSI B B R,
%2

M AR AR, IR IR AR S5 A IR
JE RN R STRAN 8 &R HAR R, I Bl —Se AR 7 (1150 P ax Le B3 Y
=,
T PN 2 P O A BTl o B SR E8 2 S THEL SRy . A R A A ARG T
ELLCAY  (http://github.com/jakevdp/PythonDataScienceHandbook) 7,

5.2 Scikit-Learnf& 4y

F R, Python A/ RILASEBL & FiL &% % 2 F I FE P E . Scikit-Learn (http:/scikit-learn.
org) AEEMATIIRFEZ —, CARFHE LS % ) BRI T A4S, Scikit-Learn
AFEFE. Gi—. BEarA e AP ER G, 1 e SR s . X5
B OSXFRGE PRI AL, REEREER T Scikit-Learn — ALY (1 5L A B B FE S, skl
VAR 0 bt 2 s R s B b,

AT E X Scikit-Learn {9 APL 3E47HEAR . FIEB R 22 APT [1I2H 55020 F 6 0 58 A M B
LA 2 AL S HI R A,

BT 4E Scikit-Learn FIEIIEFR R (data representation), X5/ 2874428 API (Estimator API),
el i — /A B R EE R A X e T B R F BRI,

5.2.1 Scikit-LearnfJ#IEER T

ML 22 218 W BCHR G AR A 1 2 0], BRI PR SR T R E R R R 5B A RE 1L T AL
fift . Scikit-Learn TAARR RIS S dF A 5 10 & EAE R AR,
1. HiER
BB Z 2 e RSB, Hrh e TR R R B EEA, MR K
TR FEA IR AR AE . 5140 Ronald Fisher ££ 1936 4E%F &5 R AL # B4 (https://en.wikipedia.
org/wiki/Iris_flower_data_set) fJ £ # 43 #r, F {'1 H Seaborn 2 5 & (https://stanford.
edu/~mwaskom/software/seaborn/) "2 EPE I hn#% 3| Pandas Y DataFrame H1;

In[1]: import seaborn as sns

iris = sns.load_dataset('iris')
iris.head()

Out[1]: sepal_length sepal_width petal_length petal_width species
0 5.1 3.5 1.4 0.2 setosa
1 4.9 3.0 1.4 0.2 setosa
2 4.7 3.2 1.3 0.2 setosa
3 4.6 3.1 1.5 0.2 setosa
4 5.0 3.6 1.4 0.2 setosa
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e RiE2onE AN S B, TEEORBIEEPICRNS RIS, —RiE
DT, SBXAERERI TR AREZR (samples), f7%ic h n_samples,

FEI#E, BIEARF RN FEAL N EE, —RERT, SREERTIFR A
(features), %%ic A n_features,

2. FHIEXERE

X AN A Rl A B AR BE T RO B E T b Rk ok, BrDAIRATE A
XBEIERER DFME S PE (features matrix), 45 71 40 B 5 ok Wi A2 & X, B4
JE 4 [n_samples, n_features] By —ZE4E %, i % ® LL F NumPy %% 4 5 Pandas
DataFrame K75, Aid Scikit-Learn L3 FF SciPy HUFG B 4ER .

FEA (BPEE—17) Wl R EIRE R R, Fldn, FEAWRERE —%&E. A, —
R, —iEER, SE —Ek. ek, A RE, EREAA LA -H R
L AT ST,

FRE (BNE—51) 8% Rt R A IR S IIE, — RS0 T, FREHD & sk
0, (BER A RE AR /RIET B B B HE .

3. Btr%aA

B THRREAERE X 240, B FHE TSR EREA, @FEidhy. Birfd—%
B, KR EEAASE n_samples, i H#FFH—4E1) NumPy %20 sk Pandas [1Y
Series o, AARBA AT DR EL M EUARA, Hal D2 B iny2esy /Fr%, mARA L
Scikit-Learn PR &% o] AACFE B 22 HARER) 4 [n_samples, n_targets] HARE(H, H
PEAbFEAS b R I WA — 2 E AR B ),

anfal X 43 B AR R SRR R R AE S, — BN W, B ARBE R AR
RRMAEZNEBEE RN R R, fASHFIRIE, vl &R R, LIATmR
B A B, Tl 175 2l R (A SR S AR, TR (species), Tfiix B
species gt Al LA BOE BAREA.,

JE X — i HARH 2 5, sl LA Seaborn (BEETHZ W 4.16 15) *EdE#EFT /T # L
T (4l 5-12 FroR) -

In[2]: %matplotlib inline
import seaborn as sns; sns.set()
sns.pairplot(iris, hue='species', size=1.5);

FE(EFH Scikit-Learn 2/, FRAIFEZE M DataFrame FpdhBURFAEAEREFN HAREAH . "TLAHEE 3
A4\ 281 Pandas DataFrame F:ASH/E ke scHy

In[3]: X_iris = iris.drop('species', axis=1)
X_iris.shape

Out[3]: (150, 4)

In[4]: y_iris = iris['species']
y_1iris.shape

Out[4]: (150,)
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A

sepal_length
=R~y =] L2 S - B - - =)
T F

5
4!
= -
g0 A&
T -
= 20
o 25 ‘-'
§ 20 e
15 pecies
B - safoea

petal_length
(=g LIRS - ]
i, ®

‘l_..li. »‘ﬁ' -

§: ,!Ulh

P
i ¥ te
¥
¥

petal_width
=
omoom
L P
-
-

05
I,
345676849 1TRPRERESIHEN 012345678 -DADS0ERERREO
sepal_length sepal_width petal_length petal_width

B 5-12: SEAHIESHNTML
FHIEAE RN H AR AR R an B 5-13 Pior.

Feature Matrix (X) Target Vector (y)
n_features —

ples
ples
|

~—— N_sam
~—— N_sam

B 5-13; Scikit-Learn #iBRHF
A TEMEARIEA ZIG, T LAF 4R 2] Scikit-Learn HY1F(H28 APL T,

5.2.2 Scikit-LearnBJiE{HEEAPI
Scikit-Learn API 3= %58 BB Ni% R M, Scikit-Learn API SCASHL%FHA Btk

302 | Es5E



Y—
A X G Tk Rl D i — 4 T g — A SR

nA
A ZBUERR R A L.

PR 2 F & R
A B al LA Python 288k, $e¥E AL bR 506 28 5 (NumPy ¢ 4H. Pandas
DataFrame, SciPy Fiiffifs) Fon, SECAFRHFRAER Python F4FH
o $ 4o
VFZHLas S ST rT DA — R AL LB, Scikit-Learn ) X FFIXFHATRE,
A AT 09 BRAAE
MR RIZETE ] % B 25006, Scikit-Learn TG E SG&E 24 AVBRIAE .
HELRER T X Se B TR, w2y & B Scikit-Learn JEH 2 5 (., Scikit-Learn HIJFT A
*R%%Aﬁéj%:{i%%ﬂml_liﬁfﬁ%% APLSZEL, "B EFHLE S22 S TR T — 1R,

1. APIERESNIR
Scikit-Learn P& #% APL U AN TR (R A 307 (6180 & 42 X S P IR AT ) .

(1) I M Scikit-Learn -5 AGE YR 2828, BRI,

(2) A G REHER R A TR B, Bl BERAE 2% (hyperparameter)
(3) BEPREHE , o i T A 2800 75 TR SRR AE R R A AR

(4) PR RISL Y fie () o BdR st Tl e,

(5) XA I AR

o EA B IEA, lE A predict() Ty MGHT AR IARE 5
o FETCWBRR ARG Gl F g transform() B predict() JyikE e aHERT BRI,

NP PORUR LA T A N E A 2 TR B o 2 T iR Bl

2. FEEEFITH: HBLkEma
LEFBATIARAFR — A 1 B e [l VA R S A D i 3 LR AT 55 i A R i 6 (v, ») 11
B AA S, TG T A BIEARGURX A BRG] (A 5-14 Fos) -

In[5]: import matplotlib.pyplot as plt
import numpy as np

rng = np.random.RandomState(42)
x = 10 * rng.rand(50)

y =2 *x -1+ rng.randn(50)
plt.scatter(x, y);
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5-14; &MQIPHREIR

ATHEAE, stelCOE R 2P B8l T, -2k,
(1) AR
fE Scikit-Learn H, A HERIR AT E—/> Python 26, [k, (RANFRA AR ZEHR—A R A
SRR RIERERY, 2T UL B 3 S AR B A R 2
In[6]: from sklearn.linear_model import LinearRegression
BT 1R A AT, IR AR AR 2, BN TES % sklearn. linear_model
it CAY  (http://scikit-learn.org/stable/modules/linear_model.html) ,
) BB SR
PR, RIS ERSEIRRE,
MIATERE THAK 25, AT LZSHHEERE, MIBARSERARE, fRe6e
TR BB LA T W,
o WATHENAREE (ANELIEE) 199
o FRANFEEERE ARG TIA— AL E 9
o FATEEXEHEA TR EE LIS i i A RAE PR
o FRATHTRAEALTY Hp {F PR E {2 52
o TRAHTHEMH L DEAIL L 2
AL BRSO B R ER B e 4 . X LS HOE F ARV S, BN
LA HAR 2R Lok i E R 24, 1F Scikit-Learn H1, AT H (EA T w4610 Iy Bk,
BZH. 5.3 TR anfa e S b kB S5,

{E£ 1: model component, %1 GMM AR BN IE S A AR A — A component, —FH
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HoFFELAE XA 2o 8l ARl Ske 15, AT LA f3ilfk LinearRegression 253 F] fit_intercept
BB  E A A AU A R

In[7]: model = LinearRegression(fit_intercept=True)
model

Out[7]: LinearRegression(copy_X=True, fit_intercept=True, n_jobs=1,
normalize=False)

FEEENAR, SR TR OISR i TRBBIOE, AR A BRI Y
FAEI%E | ¢ Scikit-Learn [ API %S48 R FSAERY K7 B 21 B0 X 5175 1R {5

(3) P B o B AR AR AR PN E AR L
RITAIITEA T Scikit-Learn FUEUEZIN 51, 'R EE HEFHIEARREAN—2E B bRE .. BARTRAT

B EHFRBHELAE Ty (K n_samples AUEH), (HiBbTER 4 x BB [n_samples,
n_features] (I, TEXARGIH, AL —4ER i 01 7 i) Bk AT 6 .

In[8]: X = x[:, np.newaxis]
X.shape

out[8]: (50, 1)
(4) FAREANILA St
BLAE R P LA o B SR |1, X — 2l R Fie() 5Bl 2k
In[9]: model.fit(X, y)
out[9]:

LinearRegression(copy_X=True, fit_intercept=True, n_jobs=1,
normalize=False)

fitQ) fir A SR NIE T KSR, SRR ER AR, BT,
fE Scikit-Learn 1, At fie() TR EORRH — 5 T RIZk. Bilan, 1EL
PR, 20T R

In[10]: model.coef_

out[10]: array([ 1.9776566])

In[11]: model.intercept_

Out[11]: -0.90331072553111635
XA SRy IFRA A BARI S BRI R AEE . SRnmAEA SR E L (R
2. BE -1) BEATEERE, RBUUA SR SRR R,

PR 2R AT PR LS ) 2 F BB )8, — ST, Scikit-Learn A~ 25 24 H
PR MR S HORM AR TRy S5HHE A 2RI S i, A niid
TEGRGEITTEENE ., YL E AR, R ZERALA S
B SN A AR e S50 07 T HA EIR AR, 1527% StatsModels Python 2 /74

(http://statsmodels.sourceforge.net/) ,
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(5) Tt e i b

BRI ZRH R Z )5, A EELS AR B A & T IR R AT
T, f£ Scikit-Learn /1, FATH] predict() kgt AT fitill. “Hrflth™ 2 FFAEHBERY x
AEBRIE, ARSIt E AR R p SR .

In[12]: xfit = np.linspace(-1, 11)

B, WXt x [HEK [n_samples, n_features] WFAEMFEEI, 2 e f Hibfm A 2]
R,

In[13]: Xfit = xfit[:, np.newaxis]
yfit = model.predict(Xfit)

wn, AR ER AL A S R T LR (nlEl 5-15 FR) -

In[14]: plt.scatter(x, y)
plt.plot(xfit, yfit);

A A — SR MR A OR BT Y 2 ROR, BT PSAE TR R Bl S 4% 25 b

5-15: — T EENEIELQPEHELER

3. AEEFITH: SERMIESE

AR — A N 22 2R B, R i A 285 0 85 R AL Bt B . X AR A () R
anfer o 85 AL Bt B ALY, S A Bt BEAT IR, FE R R T e A A
HIbRZE?

P TR R AR TR = A2 UM (Gaussian naive Bayes) J5iksE X/ MES, XA
757 BB B FHAE R T — 2 E AT & m o A (RIS W 5.5 1), B i
AP DU 5 2 B AR R, i EANTRZLE BB S5, BB E IRE S 1TEA P o R TFE,
FERE Bl o A B R A T At Z T e
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R 2 R 2 RV Rt A A PR S I ZRAOR TR AR ek i 40 S8 s I 2
4 (training set) FNIMIIKLE (testing set), HARTER W UAF AN SLBLy BIEAELE, )
train_test_split BHELSH 18 .

In[15]: from sklearn.cross_validation import train_test_split
Xtrain, Xtest, ytrain, ytest = train_test_split(X_iris, y_iris,
random_state=1)

BRI 25, AT A ROR FRIER 2 .

In[16]: from sklearn.naive_bayes import GaussianNB # 1.3E#FRAI2

model = GaussianNB() # 2. 4R AR
model.fit(Xtrain, ytrain) # 3. FHEAHA B
y_model = model.predict(Xtest) # 4.0 EcE AT

)i, Jil accuracy_score T HUGTERIRY IS R MERG=R (PRI A 45 Kb, IERIZER
S TREA I ELB) -

In[17]: from sklearn.metrics import accuracy_score
accuracy_score(ytest, y_model)

Out[17]: 0.97368421052631582
HERER AR ER 97%, B R BN AR i B iy 40 R T DA R 2% ST X A B 48 |
4. TEEZI RG] SREEIEMRSE

AATHE 28— AT B o A R &5 R AR S AT P, DA REE 05 8 shox Ko ot
Frardilft, wiEsreat, SRACKIEE R AE AR, BV REARA TSR

P2 AT 55 A BEAR B — A T DA OR B s A BURFIE AR AR Pk Ron m 4E 550 . Pl 3 1
TR B AR rTARAL R TR, BEsE H A5 m e b PR PO 4 5 2 5 v 4 A At 1 1] 5 5 |
THREHE 5507 (principal component analysis, PCA, BHIEFHS 5.9 %) ik, X
A — PRI L P PR R . TR AR B4 sy, s F R R & 2 8
Y A E A

[RIAE2% i T A 23 0ok S D gk Ay

In[18]:

from sklearn.decomposition import PCA # 1. GfAizik

model = PCA(n_components=2) # 2. X B, WA
model.fit(X_iris) # 34UAHWE, HEXEAHyERE

X_2D = model.transform(X_iris) # 4. BrEdgesd b 24
IAE A ] AR, Bl A B TG Bk S i R b A B 25 )2 ALY DataFrame v, SR )5 H
Seaborn [ Implot J57%m & (4n&l 5-16 FiR) -

In[19]: iris['PCA1'] = X_2D[:, 0]
iris['PCA2'] = X_2D[:, 1]
sns.lmplot("PCA1", "PCA2", hue='species', data=iris, fit_reg=False);

MR HHRFORE P LLE H, B8 PCA RIEMRAAN BRI AARZE, (A E AT
A BARTE T X 2 TP | X F W —Fh LRI S0 50 205 Tk REAS A 807 213X 1y i
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B, BRIRATEA BIRTAREE .

15
.
10 o
. °
. .
05 | e N, 0,
.y _'.. H ‘0
- % .
bt ] hiod
e »,
oo o® .
s o peces
% .0:‘, - = sefosa
05 s"’ it s * versicolor
. 15 = \dirginica
L] ” N
-1.0
.
. .
o .
-15
20
—4 -2 -2 -1 1] 1 2 3 4 5
PCA1

5-16: SELHBN_4IRF

5. T EBXIRG: SEREIERE
TEE m & R AT R 2, REE DS AEMARZENEIRE ST oA,
BAVREH AR RIRE G —— @R A% (Gaussian mixture model, GMM), H
RANTTHEAE 512 T A28, GMM BT R B #4) 18 B T R A s 357 40 A B M 5 2
UL 30 A m iR A .

In[20]:

from sklearn.mixture import GMM # 1P

model = GMM(n_components=3,

covariance_type='full') # 2.i%E WS, WG LER

model.fit(X_iris) # 34AEEE, EEAEEyT R

y_gmm = model.predict(X_iris) # 4. MEEIRE
iz wi—HF, PEFEARZE I N E] & R fERY DataFrame H1, SRS Seaborn H tH 45 R (4nl&
5-17 i) -

In[21]:

iris['cluster'] = y_gmm

sns.lmplot("PCA1", "PCA2", data=iris, hue='species',

col="cluster', fit_reg=False);

HRHE B A BB BT o #, S IEMTHb Rt GMM R IIZRCR . setosa (LLE R
18) FFEAERE O i sE L HbIX 4> Hioke, ME— 3Bt I 55 — i &l b versicolor (4% (48
1) Fnvirginical (5SS REAL) B — MG, Xetii, BIESA L5 m IR0 14
FAEREAR, HHTEEMIEMREZERRA, FBA T CuE i iR R R LR
FIRBIH AR EFRIIE X FEDAE A LU B4 K R MR AR 2 IRl (S ek

A
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cluster=0 cluster=1 cluster =2

B 5-17: GMM EENERLABNRNXER

523 NMH: FEHFKRE

Sy T BRI 2R N A B AR A8 |, BRI — iR smE . F5
iR, R, XA LR B R E L RIR B Sy . h TR, TR
LB Scikit-Learn H B # VT 5507 5dR 2k .
1. MBFHARUFEHF
T 5EH Scikit-Learn PSRRI DONEsdE , HERG— T

In[22]: from sklearn.datasets import load_digits

digits = load_digits()
digits.images.shape

Out[22]: (1797, 8, 8)

Xy BB BE S — A =R 2L 1797 MAEAR, Bk EIRARE 8 38 < 8 {R3R. *Thl
100 sk E#EAT AT (4nlE 5-18 PR) -

In[23]: import matplotlib.pyplot as plt

fig, axes = plt.subplots(10, 10, figsize=(8, 8),
subplot_kw={"xticks':[], 'yticks':[]},
gridspec_kw=dict(hspace=0.1, wspace=0.1))

for 1, ax in enumerate(axes.flat):
ax.imshow(digits.images[i1], cmap='binary', interpolation='nearest')
ax.text(0.05, 0.05, str(digits.target[i]),
transform=ax.transAxes, color='green')
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5-18: FEMFMIER, BTHABKRE x8&F

AT 1E Scikit-Learn H{ %R, FE— 1 4EfE°h [n_samples, n_features] [ " Z4EFfEHH
BE——mT LA B FEA BUR I TG (R R VEARRAE , R B 8 (535 x8 8 F
EHIRAK A 64 1 —4E 5. BN, EFTE A HIREA, HRE RS TIESLE
(hr%) . XFHEHE CL BT 55T BAREN data 5 target @i, HHEE BN .

In[24]: X = digits.data
X.shape

Out[24]: (1797, 64)

In[25]: y = digits.target
y.shape

Out[25]: (1797,)
M EWRBERTEAE Y, —3 1797 AR 64 /NRHIE,

2. TEEES: Y
BEARBAVEXT BA 64 e B M REA BEAT rTARAE , (EORAE Anibt o 4 A2 R 23 i) rh kA ]
WA oy W, BRI, JRATITE S B JC W o 21 05 ke e e 3] — 4, ik o7 >
B Isomap (BHEEIES W 5.10 17) BB BAR e f T 52 .
In[26]: from sklearn.manifold import Isomap
iso = Isomap(n_components=2)

iso.fit(digits.data)
data_projected = iso.transform(digits.data)
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data_projected.shape
Out[26]: (1797, 2)

PRI C2 B s ., R m ik, HEMNGHHRERIt L (A 5-19 For) -

In[27]: plt.scatter(data_projected[:, 0], data_projected[:, 1], c=digits.target,
edgecolor="none', alpha=0.5,
cmap=plt.cm.get_cmap('spectral', 10))

plt.colorbar(label="'digit label', ticks=range(10))
plt.clim(-0.5, 9.5);
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5-19. £ Isomap BFNBENFEHF

i B I TAEE EAAVRCR, LR EE R 1 o4 ZEZE R PRI & (AT R,
Bilan, =g, B30 (GRE) ey 1 (B6) EAAZES, RIEH RGN
bb: B 0 — A, e L e —RE. B, WEHRSRI, $r 1
T AMGA FILIRE— WP A NS T | AIRHRERE LA “i8+7, BE
AR AT 4.

B LHE, (HAEE EE, SN BFES BRSO A NI RERY . X
AR AR A BB o BB T U e AR S . FHREUR— T,

3. HFH%

WAITERE o R, MNP BHFTy 3, Fnms > SRR+, e
oy BENZRAERNINRSE , K5 s A T 2 DU R TSR ALL

In[28]: Xtrain, Xtest, ytrain, ytest = train_test_split(X, y, random_state=0)

In[29]: from sklearn.naive_bayes import GaussianNB
model = GaussianNB()
model.fit(Xtrain, ytrain)
y_model = model.predict(Xtest)

BRI 22 5e Bk, DR AR RAE DIZRAE s Y IE BRI A B 5 SN SR A B BEAT X B
BRAFI R MR

MARES [ 31



In[30]: from sklearn.metrics import accuracy_score
accuracy_score(ytest, y_model)

Out[30]: 0.83333333333333337

LA, did— R R AR A, Ko iR Bk T LIk 3 80% LA B UK FX S
Fr, TAVICEFEAR T BRI AL, fRIX A AR 70 ik A2 TR B FEFE (confusion
matrix), R[LAH Scikit-Learn HHHIREMERE, 245 Seaborn i3k (4nl& 5-20 FisR) -

In[31]: from sklearn.metrics import confusion_matrix
mat = confusion_matrix(ytest, y_model)
sns.heatmap(mat, square=True, annot=True, cbar=False)

plt.xlabel('predicted value')
plt.ylabel('true value');

true value

predicted value

B 5-20: ARAERMAERRDRBRAER

MBI RTEVEH, BRI T 2R R TVF 2 807 2 B PIBk T80 1 85 8. —FiE
ANEERVRRER BT SO A E R, SRRHETRINbR A /e T 1, A 3R T IE
i, ML EFoRHEDR (A 5-21 For) -

In[32]: fig, axes = plt.subplots(10, 10, figsize=(8, 8),
subplot_kw={"'xticks':[], 'yticks':[]},
gridspec_kw=dict(hspace=0.1, wspace=0.1))

test_images=xtest.reshape(-1,8,8)

for 1, ax in enumerate(axes.flat):
ax.imshow(test_images[i], cmap='binary', interpolation='nearest')
ax.text(0.05, 0.05, str(y_model[1]),
transform=ax.transAxes,
color="green' if (ytest[i] == y_model[i]) else 'red')

A
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whe s LA PP DT
Sl S S A il L e ol e
S el ol e AP 2 e R
R I, Rl 8 L AR R il
I P o A S 8 ol e
-l TR L L TF
B S e T S e
ol g (17 P o P Ly il
R 0 i P (50 5 0 i
sl ol 5 = el OB L0 W L

B5-21. [Eff (KB) 5812 (UB) MlinE, ¥BELELN
PythonDataScienceHandbook)

il

(https://github.com/jakevdp/

I WX FEA KR, FRAMTRERNE IR LA 2 ST AT . AR A B oy e R R
80% LA L, PIRERGEAE AN ZemISEik, Blanschfim @&yl (BEETEZ I 5.7 7). BEHLAR
PRO(EEETEZ I 5.8 7)), B Hifth oy 2Rk,

5.2.4 ING

A 8T Scikit-Learn FRRHEZE 705 B AT 2 APL UM AKETE, [ T IR 2 A2 AR
[, S AR /W) Ra TR / 400 A KR / TSR (TR R 52 2 kRIS . WHEFf 2 APLAT
THANRZIG, RATLAZ% Scikit-Learn SCRYAkSE2: 1 F L4010, HIEMRIIEARE L2k
ENGILOL L

INT T ST 2 T RE L% 2 2] b i TSR3 2y, Aok A B Ve 5 BRI,

5.3 BEHSERALIE

FEbE—Th, RN TR S ELE A I BRI R A S IR

(1) EFAET A

(2) TR TR 5

(3) JHEE RO & DI 2R B 5
(4) TP B R AR o
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R PR —— R R BRI 2 O P —— P RERE A U % L2 2 2] THAH AR 1) i %
Brit. b T EHIERIRIERE, 1752 —F007 XORIIEE H AU BB AN 2 Boe & vl LARAF
HALE AR . X BRI, (SR 58 B4 R 1R £

5.3.1 ARERIGIE
FEAYGEUE (model validation) SRR, SUEIEEFEMIESHE 2 G, @3 HIgRE
PEFEATE 2T, X LEASE R LB AR I TG 5 B (B A 22 5
FE T HEPJL A, FRATE el — A 8 05 B R G UE, SRR A H LB AT AS
W, ZJa, A HEEE (holdout set) 538 XA (cross-validation) SEELHE R[ 5EAHY
FISAIE
1. SEIRAEBILSIE /&
LEFRATTF FH i A 285 1 S5 AR B AR AR s — A T B RS TE 5 . 1 S Ak -
In[1]: from sklearn.datasets import load_iris

irls = load_iris()

X = iris.data

y = iris.target
SR BRI S R, X B A L L4Bsr 2285, WS4k n_neighbors=1, iXg&—/*
B TP AR, PR IAR S S R N R B bR B AH R -

In[2]: from sklearn.neighbors import KNeighborsClassifier
model = KNeighborsClassifier(n_neighbors=1)

ARG IR, BRI AR B Hi -

In[3]: model.fit(X, y)
y_model = model.predict(X)

Belr, R .

In[4]: from sklearn.metrics import accuracy_score
accuracy_score(y, y_model)

Out[4]: 1.0

HeRfRT o 1.0, Wik U R TR BIAR 22 WY IE B2 100% | fH g i I 5 1 1 i =5 ]
M FATEAIA — A AEAL I o B =R e 100% ARG 2

PRATRECE MR T, BFRemEN ., HRXAHEA TR : ERR—EHIEI%H
TR, BAb, FL A SREERATEE S, R A I REdE, &
JRATHT R A7 Y SR T Bk PAR % . RSO T, BRATERRER
100%.

2. IREVIIFIE# TS %: BHE
MELARERETIREUETE? e B &R v LUE AP M PP AT PR RE, At Se N IZRAR Y
R i B R, SRE XD B ORIV ERE R AR S AU PERE . {E Scikit-Learn HLif
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JH train_test_split T Huk Al LLSZEL .

In[5]: from sklearn.cross_validation import train_test_split
# B BARE S — 1 EdR
X1, X2, y1, y2 = train_test_split(X, y, random_state=0,
train_size=0.5)

# FEAUA D25
model.fit(X1, y1)

# LEMRAE b DT A Y o e
y2_model = model.predict(X2)
accuracy_score(y2, y2_model)

Out[5]: 0.90666666666666662
AL AT UASRAF S A B EER T Bl 4B RS EIX 0 B H AL LR MERZE 90% ., X HEY
AR, OB Z B A “H” el
3. XX
FE AT RS IR A — /N, e R 2 T — 8o gL, fE LAy,
A PRI A A YIZRSCH DTk, X AR AR UL iR, T HL T REID 25 HY B R
TEHFEAE N ZRB R B A LB IR
fR XA TR T i R AR, abe i —HlE, IhEdRmEA T ERLIZE, X
ARG . HETEARGEIRTE, whank 5-22 B,

At

2%

JUESE

B 5-22: MILRRME
X RHEAT T RERIESRES, AR BRI B A AR A AT AR, BATeT
PARXAE SR IAE SR «

In[6]: y2_model = model.fit(X1, y1).predict(X2)

y1_model = model.fit(X2, y2).predict(X1)
accuracy_score(yl, y1_model), accuracy_score(y2, y2_model)

Out[6]: (0.95999999999999996, 0.90666666666666662)

XAEE T DASRIF PR A MERA R, 5 A5 a (BlanskIgME) SR — /> S A A 2 g R
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AE. X PP AR 2 AR AR A PR 38 AR IS —— Bt 3 o O A~ 748, R4~ 1
AR,

ATEGEE Y X A, EEE R IUE LA, (ANt 5-23 A TR A AR

<9
R
<9

w®

15

Eoal S

2y

2%

EoAnE S

2

EoANa S

3%

oAl

A%

oAl S

55

5-23: ALK

HEAR > KA, BRI AR A R P YR, PN HLAHBHE, e
IR, Faheilx st FEARICMN, F Scikit-Learn 4 cross_val_score B4 v LA &
{5 M 5B .

In[7]: from sklearn.cross_validation import cross_val_score
cross_val_score(model, X, y, cv=5)

Out[7]: array([ 0.96666667, 0.96666667, 0.93333333, 0.93333333, 1. D
XHEARI AR FHEE R 7R XS, ATLAEIR IR L Re A AR,
Scikit-Learn > A4S [7] b F ) S & 46 T & Fhad XA D6 5 s, #BLAE 2% (iterator) JERIE
cross_validation #ibk > HrsHL, fil4n, F(TrlRES IR SUARTE AV B S REA KRR AU
Gt oL, AR DA 1Rk R — AR MR, HAaEAS AT, X3 XA
HYEHRA LOO (leave-one-out, HE—/~) XL, EAHBAT:

In[8]: from sklearn.cross_validation import LeaveOneOut
scores = cross_val_score(model, X, y, cv=LeaveOneOut(len(X)))
scores

Out[8]: array([ 1., 1., 1., 1., 1., 1., 1., 1., 1., 1., 1., 1., 1.,
i., 1., 1., 1., 1., 1., 1., 1., 1., 1., 1., 1., 1.,

¥ 2: M Scikit-Learn 0.18 kg #2, FF %4 H] model_selection # B £t %% cross_validation # B, I it Xl /&
0.20 KR FZERAR L, 4y 28 AR TG 2 iy st rT R &5 R 2B AR M, A 545 PR32 JR SR B cross_
validation, H{l i3 {di FH1EE LAY Scikit-Learn MUAIZ I A B, — %71
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i., 1., 1., 1., 1., 1., 1., 1., 1., 1., 1., 1., 1.,

1., 1., 1., 1., 1., 1., 1., 1., 1., 1., 1., 1., 1.,

1., 1., 1., 1., 1., ©o., 1., O., 1., 1., 1., 1., 1.,

1., 1., 1., 1., 1., ©O0., 1., 1., 1., 1., 1., 1., 1.,

1., 1., 1., 1., 1., 1., 1., 1., 1., 1., 1., 1., 1.,

1., 1., ©O0., 1., 1., 1., 1., 1., 1., 1., 1., 1., 1.,

1., 1., 0., 1., 1., 1., 1., 1., 1., 1., 1., 1., 1.,

1., 1., 1., 0., 1., 1., 1., 1., 1., 1., 1., 1., 1.,

1., 1., 1., 1., 1., 1., 1.1
FRATH 150 AREA, BB ORI AR 150 BIRYE, ROk B B3 20k
S (5 10), TLKMC (557 0.0), THEEHAT IR e 5 4 [k 7T L4501 85750 i
ERE T -

In[9]: scores.mean()
Out[9]: 0.95999999999999996

Hofth 22 SR IEMLHII B KRN, 2T i3 £ 3¢ T Scikit-Learn 28 XASKEHINZE, W LA
FH IPython #£2% sklearn.cross_validation T4t , W n[ AT Scikit-Learn HY%E AT 3¢
4 (http://scikit-learn.org/stable/modules/cross_validation.html) R

532 BREFEFMEE

UL L2 2R T W 55 R BRI, LETR MV i35, o o A B ok
B, X RNLEE I KERE RN, ULV LB AT R — B T X
Bpy

YA BMRERTEE, FRARE? %R TR TR,

o HEE R/ ERIGHIHA,

o JHEHE R/ EHERIET,

o RIEHEZHIIIGAEA,

o ABIHAREE LHHRHE,

[ B ) B AR S AR . e — R E S BTG I m] RE P A AV AE R, HIInE £
I ZRAEA R S RESCETERE ] BCEBRE DI EAR, 2 X LS 2 SEEE ) 5 &
HhRi..

1. wRESHENSE

CERMAET” R A T AR o R R E SR E P AR B 5-24 WORHYE X R
— AR RAU A R PRl R

MaFES | 317



High-bias medel: Underfits the data “ High-variance model: Overfits the data

B 5-24: SRESSHEDIDRE

AR, XA AR ARG, (HENRRBAE A —FERY.

LD A RN HE — R H . (B TRIEA R B E S A 4, 8ok
REARAF A R X (3 i . X ARRB B AR B R A s e Ud, B A B Y
FAGPEARE BRI A FHIE. H—Fhitdi st B A SR E .

FD I B w2 T A Bt . B AR A BRI AT 2 S Y R PR RT DAL F 58 K b
E PR A RE, HEHER o Wb iA TUIZRE S, Al ekid i
ST ERRIRE, AR BRI AR FUR M. X HERBRNAR  BEE E, st
R R, R BEE B A FRAE R [RII ol By TRENLIR 22, 75— Pt i i 7Y
HA®mAE.

BUERF /S FARE, AR PR AR oy BU TN y ShE B, BRet 2380k (218 525
PRLL R R BT B o SR st IR A5

High-bias model: Underfits the data " High-variance model: Overfits the data
fraining score: R% =0.70 training score: 7% = 0.98
©  validation score: 2 =074 2 validation score: R? = -1.8e+0!

B 5-25: SRESSHERENIIGEN SHIESED

XA KR R, WERHHIE Z 5L (https://en.wikipedia.org/wiki/Coefficient_of determination),
et B 5 BARME AR LR, R = | ForEM 5EIRE LW 4, R = 0 Fonis
RUREL R EUS(ELF, R W ERBRIMERER 25, MOX A BB 155 v AR HH i 45— %
MRS,
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o A TElmZE R, BRI RIS fE ISR R LA
o TR AR, BREREIE SRR R A AE IR R AR I

NRBAVERENAMTABEENERE, BLABNTEFBRIGEORIES/I0E 5-26 P

B 5-26 i W BARASEIE M £, BALL T FRHIE,

o RS FES TRIERS . —BEILT, BRE A SRR, il a Bl
L ABAR R 24T

o SR ARERIRAER (EfmZe) W, DIZREBARIEE R A, UL A I ZR B Frskr
Hn#lish Z FMEE

o AR AR R (5 22) I, UIZREEREEE G, UL I 2R A il
TRENARSE, (X H BRI TG DR

o YRR PR, SRR Lo B . DEWIEIRRE NG R E R, 2SS
T BB

FrFHESTREE

b
—— fit = o

BREERNE —

B 5-26: RASRE &SN ERIESNNEERRE
ANRIETY AT 2 FE I TR 5 R . S SCIEIR AT 284 P B0, sl &5 i A 2 11
AT .
2. Scikit-Learn3& i gh 2k
THRE AT, AR AT E AR 2k, X B SR EIAHER, e
e m IR B — A, H 2Ok e — TS5, Filan, ZuaakEoh 1 1St
AR A N — S B, B SE o Fl b, MIELRL.

y=ax+b
ZIMRRECH 3, MR ED AR —&=kihsk, EHEMEZ K a. b, c. d, NHE
1y

3 2
y=ax +bx +cx+d
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W2, BERTLAR LR £ R, {5 Scikit-Leam st WL -4 S Bl
BRI LA B0 SCBL, el TR B A AL A TR R (% SIS 5
FIAAHE 54 12

In[10]: from sklearn.preprocessing import PolynomialFeatures
from sklearn.linear_model import LinearRegression
from sklearn.pipeline import make_pipeline

def PolynomialRegression(degree=2, **kwargs):
return make_pipeline(PolynomialFeatures(degree),
LinearRegression(**kwargs))

BLAER Q18— SRR A A AL A
In[11]: import numpy as np

def make_data(N, err=1.0, rseed=1):
# BEHLARE SR
rng = np.random.RandomState(rseed)
X = rng.rand(N, 1) ** 2
y =10 - 1. / (X.ravel() + 0.1)
if err > 0:
y += err * rng.randn(N)
return X, y

X, y = make_data(40)

I EAE AT, R R B 2 A A it Zeimi ok (4nfE 5-27 FoR) -

In[12]: %matplotlib inline
import matplotlib.pyplot as plt
import seaborn; seaborn.set() # iX& EIEFER,

X_test = np.linspace(-0.1, 1.1, 500)[:, None]

plt.scatter(X.ravel(), y, color='black')

axis = plt.axis()

for degree in [1, 3, 5]:
y_test = PolynomialRegression(degree).fit(X, y).predict(X_test)
plt.plot(X_test.ravel(), y_test, label='degree={0}'.format(degree))

plt.xlim(-0.1, 1.0)

plt.ylim(-2, 12)

plt.legend(loc="best');

XA e P R Y A e B Y e Bt 2 A O B, B R SR AR U Bk W LA, A4
AR T . 5L HMARNRER LD, ARERE (RIUA) 5% (EHa) Fib
1172
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B 5-27: A=MIMALQPRENES—1EE

BRI LA o w] AP B8 UE it 2% 5K 181 253X A ] #—FI] F Scikit-Learn [ validation_curve
R BOEE AT A ER 1 i S B, R | Bl SR RMEIREEE R, WmEohs
B 2RI UE Y B N IR FNdG e 5> (40l 5-28 FioR) -

In[13]:

from sklearn.learning_curve import validation_curve

degree = np.arange(0, 21)
train_score, val_score = validation_curve(PolynomialRegression(), X, vy,

plt.
plt.
plt.
plt.
plt.
plt.

'polynomialfeatures__degree',
degree, cv=7)

plot(degree, np.median(train_score, 1), color='blue', label='training score')
plot(degree, np.median(val_score, 1), color='red', label='validation score')
legend(loc="best")

ylim(0, 1)

xlabel('degree')

ylabel('score');

X B AT AER R A TSR B ISR B bR o s VISR o B A
Zx FE AR T T PR3t B 5 R Aoy SR B Bl i T I UL S TR R AR T B

MEETEM T R, W22 575 20t idraye =k 200, BATATLAHRER, JF
PR E e R A B (A& 5-29 iR

In[14]: plt.scatter(X.ravel(), y)

1im = plt.axis()

y_test = PolynomialRegression(3).fit(X, y).predict(X_test)
plt.plot(X_test.ravel(), y_test);

plt.axis(lim);
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training score
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sCore
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degree

5-28: @ 5-27 NRITHHE (5EE 5-26)

5-29: B 5-27 HIEHIX XXM RMET

BT PR MBI AT LR RIS, (BRAENESG S BRIER > ZRER R
ATEALEFRA T R PR REA S E AN IR,

5.3.3 ZFIJM%

MR 2 BE R 55— A T B R S i U R AR AR 2 BN ZR B RS2, oilan, A BT
T 5 fERTEdE (200 4~x3) (4l 5-30 BoR) -

In[15]: X2, y2 = make_data(200)
plt.scatter(X2.ravel(), y2);
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5-30: AFIWLRETAIE

0 FH A A5 X A R BRI IR £, O T OoRrEE, B Z AT dh e tim ok (4nf&
5-31 fiR) -

In[16]:

degree = np.arange(21)

train_score2, val_score2 = validation_curve(PolynomialRegression(), X2, y2,
'polynomialfeatures__degree',
degree, cv=7)

plt.plot(degree, np.median(train_score2, 1), color='blue',
label="'training score')

plt.plot(degree, np.median(val_score2, 1), color='red', label='validation score')

plt.plot(degree, np.median(train_score, 1), color='blue', alpha=0.3,
linestyle="'dashed')

plt.plot(degree, np.median(val_score, 1), color='red', alpha=0.3,
linestyle="'dashed')

plt.legend(loc="'1lower center')

plt.ylim(0, 1)

plt.xlabel('degree')

plt.ylabel('score');

SR REARE IR d 2R, B L mri/ N B IE 2. MWISTEdh 2k rTUAE &
M, RERE R o A BARE ) T KBRSk 2 T, (R RIE S T =1k
205, A A K™ E——U IR 0 S UG sk 18

A EL I UE Bl ZR AR (L B, WU R B P S2 M RS R 2 . A AR % B I 2R
BRI, @, FRA PR RE B 5 I SREE AR X s 5, @ AW KA
SEMHERAA B, ARSI o0 . M ZR BN 2R 155) 1 SR A7 40 th
KW FRAFEI B (learning curve),
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= training score
= validation score

0 15 20
degree

B 5-31: ZMIEEISE 5-30 HENZ Itk

2 IRV T =5

o FREE AR B M BERE R B A - SRR o 8aE, BRSO BAR.

o FREE AL AR BAR SRR B KA A - BEE BRI, VIZRG 0 S AWK,
[IESANRE S SR N BN

o BRRIEER S GRS E T UIER D . Pk —BARL, HAZAERX,

A TR ZSAHE, T AR H anlE 5-32 PRy ] hZk.

FIlerER

T \ ity

i i —

di

s

JlsgdREdE —

B 5-32: FYMHERER

2] th S B AYRER , BEEVIZRHEARCRAEM, S8 WeEEE. Bk, —BiR
HIRE 2 BRI NS, ABAMEZRIISGHERBIFTE! SeEm iy
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2

Mk — 5 b 4R T (el 5t A 80 S A R )

Scikit-Learn=3] gl &
Scikit-Learn T RARIY 22 ] it 2500 sh B B o 8180 . T i R T H A w1 BohE AR 1 ok 22 T Y
LR 2 AR 2 dh 2% (40 5-33 FioR) -

In[17]:
from sklearn.learning_curve import learning_curve

fig, ax = plt.subplots(1, 2, figsize=(16, 6))
fig.subplots_adjust(left=0.0625, right=0.95, wspace=0.1)

for 1, degree in enumerate([2, 9]):
N, train_lc, val_lc = learning_curve(PolynomialRegression(degree),
X, y, cv=7,
train_sizes=np.linspace(0.3, 1, 25))

ax[1].plot(N, np.mean(train_lc, 1), color='blue', label='training score')

ax[i1].plot(N, np.mean(val_lc, 1), color='red', label='validation score')

ax[1].hlines(np.mean([train_lc[-1], val_lc[-1]]), N[0], N[-1], color='gray',
linestyle="'dashed')

ax[1].set_ylim(0, 1)

ax[1].set_x1im(N[O], N[-1])

ax[1].set_xlabel('training size')
ax[1].set_ylabel('score')

ax[1].set_title('degree = {0}'.format(degree), size=14)
ax[1].legend(loc="'best')

degree =2 degree =9

B 5-33: RERE () I8ERE (6) FIH4%k

XEEAEE A ZEOE, FoA TR DURBLE R o A DI ZREBm B A e Ae i, oI
LRI 2] i 2 WSO (BRUIZRM S ANGETE th 2k LM E—ii2) , BEmmill & &iE
TREFRZEMERGRIR ! X DU 72 B B R ik £ TG 7 > h 2k

T St o HIME— I R Gl o e SEE R ) . s B R RIVE 2%
JER IR 2 5, BRI RIS it T O ELIB SR E AL B, (BRI
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FEWERT Gt SRR RZ R B ) . anRIRAT1A S % B T & H A
TUARLEIEIMIIZREAE , AR ) ih Ze e & W SL

SRRV SE A ST 2, RTUAURBURIR BN BRI 5 7, ATk SRR

5.3.4 IDSiFstEk: MRHEE

AT 2L D w25 T 215 A T ERRIAR, B SEERIR & 245 F)IZR
EWMKR/NE R, LR TIEFR, BT SE 2R A, FIIEIEdh 8852 > th 2k
F BT 2 DN 0 il 2700 Bl 2 il 1FT o X e 4 W AR AR AR M R, DRI DA S R A B DI 74
A B R AN A — T8 PR 2

Scikit-Learn £ grid_search &t T —/~ { Zh{t TEMFIX A M8, A H A 23 544k
et 2 TS BN AR RN R 7R ], FRATTRFEAR BYREAIE Y = 4k W A% vh SR B R —— 48 2 15
HIREAE REH . BRSO AR, DA Bl RE A 5 S A rhrife (L Ab B, T
fITAT LA Scikit-Learn 4 GridSearchCV S iEfd 55 5k 1% B X e 2244

In[18]: from sklearn.grid_search import GridSearchCV

param_grid = {'polynomialfeatures__degree': np.arange(21),
'"linearregression__fit_intercept': [True, False],
"linearregression__normalize': [True, False]}

grid = GridSearchCV(PolynomialRegression(), param_grid, cv=7)
THEER, FSE PR L 25—, XS TCPRA a8 e R A B R BT A B, A fit()
TIEEEA WM S EAERY, FRRIR B S
In[19]: grid.fit(X, y);
BARHUASER T, X v DRI S5 T -
In[20]: grid.best_params_

0ut[20]: {'linearregression__fit_intercept': False,
'"linearregression__normalize': True,
'polynomialfeatures__degree': 4}

G, AU RS EEIBAN AR, JEE TR (208 5-34 PUR)

In[21]: model = grid.best_estimator_

plt.scatter(X.ravel(), vy)

1im = plt.axis()

y_test = model.fit(X, y).predict(X_test)
plt.plot(X_test.ravel(), y_test, hold=True);
plt.axis(lim);

Mg R T2 B0, B4 A E XS o W, TR, DRt R %
REh. RTEZNA, HS%5.13TM5.14 1, 3H S % Scikit-Learn (1 0 k4 18 23 3044
(http://scikit-learn.org/stable/modules/grid_search.html) ,

A
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5-34: BEMIBEROKMNEERE

5.3.5 NG

ANE SRR TEUEIE SES RIS, EANE TRES T ZHEE, Dk
AnfapREX AW B AR AL A Fe b, EHMEMRTEERE, FRATRBUE LIRS S5 X
BT HRBSHERER, XTI OBRRE A RIERL S A LA [

B TR 2o AR R B s . BRI T, AR 28 (free parameter)
XA R FERROMR . AR5 2DRTHIBLES 52 21 3 TAI, THI ZIAIC AT A 23N % |

5.4 YF(ETFE

L= BRANBTHLEFANEREL, HE2MARFIERECEHE " TED
[n_samples, n_features] R¢pfE4ERE ., HSLEB L TIEd, HIERIOZX LT,
M, Mlasse> ] ek B R BRI —EAFME TR (feature engineering) — &3 5w
ARIMERE R, $EEM R BRI EUE

AATFA T ZARAE TR — L85 Wonfil . Fonsr EEHRAVEHIE . FoRXRIVFHEMZORER
IRFAE, o0, BT A R 78 B AT E S E AL B B R 3B T 75 s . XAt
FEEF YRR AREN, B CHE BB 8 BA R AR R R R IE

5.41 4rZREHE

—FE WA RS E SRR A R 9 28 8s . Bil4an, Y R BRI, BT ED BN
(price) 1 “THA” (rooms) ZZRHWIEMEEAE, BEHEF “HiA” (neighborhood) 158, ¥
PE AT REIRIXAE
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{'price': 850000, 'rooms': 4, 'neighborhood': 'Queen Anne'},
{'price': 700000, 'rooms': 3, 'neighborhood': 'Fremont'},
{'price': 650000, 'rooms': 3, 'neighborhood': 'Wallingford'},
{'price': 600000, 'rooms': 2, 'neighborhood': 'Fremont'}

VR RESSHE 5 FERFAE M 56 22 S B RE 54
In[2]: {'Queen Anne': 1, 'Fremont': 2, 'Wallingford': 3};

A&, {E Scikit-Learn HiX 2 MH A& — N 0F 0. XA TR T A BEBEA — /> A
Rk, APk AEFAE /T LA e 5 & (algebraic quantities), R, X ARG 40HD Al fiE
Sk NISAETE Queen Anne < Fremont < Wallingford, #5308 Wallingford - Queen Anne =
Fremont, iX AR BA B LY,

X ARG DL, R TG B M gmAS, el LA RBOS s s, ik o fin 1 HEL/E
X R EIF 4y RN FMEABRTC . M IRAV R & G B ISR 751 2R, Scikit-
Learn Y DictVectorizer 2 Al LLSEHEL

In[3]: from sklearn.feature_extraction import DictVectorizer

vec = DictVectorizer(sparse=False, dtype=int)
vec.fit_transform(data)

out[3]: array([[ 0, 1, 0, 850000, 4],
[ 1, 0, 0, 700000, 3],
[ 0, 0, 1, 650000, 31,
[ 1, 0, 0, 600000, 211, dtype=int64)

PRE&ZI, neighborhood F B & =5k FKon =AM ShR %, B—177 1 B EERZI%
RN, 2MiX e 2R ESRRD 2 S5, UREE AT LA Z BT — A4 A Scikit-Learn F7 T .

IREFR IS L, TV T AR A B RHAE AR .

In[4]: vec.get_feature_names()

Out[4]: ['neighborhood=Fremont',
'neighborhood=Queen Anne',
'neighborhood=Wallingford',
'price’,

'rooms ']

THX ARG A — A BRI . AR ORI ZRHE A VF 2 B, B2 B B B 4 BE il
SRR, SR, BT RRASRIEBIE AR L 0, P TRR AR 2R AR mk

In[5]: vec = DictVectorizer(sparse=True, dtype=int)
vec.fit_transform(data)

Out[5]: <4x5 sparse matrix of type '<class 'numpy.int64's'
with 12 stored elements in Compressed Sparse Row format>

FEAL A RPN, Scikit-Learn (912 OOFAERTA ) PF fili & #5 3 H # AL PR S A

sklearn.preprocessing.OneHotEncoder #[1 sklearn.feature_extraction.FeatureHasher &

Scikit-Learn 54N/~ b5 FRAE Gty T H,
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5.4.2 SLZARYHE

B—Fh WRIEHE TR TR S eAS s i — 2 8B . 4N, 4ok 2 50t 2 A 5im a8
b RAE, AR TR SO RD B TR AR B, Bt SR 4B o5 Tl PR A Gt 5 v 2 — ik
BRI AL A, RG-SR E, R HEIFEE T,
40 T =AM

In[6]: sample = ['problem of evil',
'evil queen',
'"horizon problem']

Xt BRI GE T A B b m A A, WA B —ANFIk o Bia] “problem” . A “evil”
FHEdd]l “horizon” %5, HBARTFIhtelLL, {HAHH Scikit-Learn HJ CountVectorizer F A& w[
PN T BY .

In[7]: from sklearn.feature_extraction.text import CountVectorizer

vec = CountVectorizer()
X = vec.fit_transform(sample)
X

Out[7]: <3x5 sparse matrix of type '<class 'numpy.int64's'
with 7 stored elements in Compressed Sparse Row format>

SRR AR, Hmica TEANEIE P R EI ks, IR
DataFrame &3 R iX A b AR R sk 6 5 8 1

In[8]: import pandas as pd
pd.DataFrame(X.toarray(), columns=vec.get_feature_names())

Out[8]: evil horizon of problem queen
0 1 0 1 1 0
1 1 0 0 0 1
2 0 1 0 1 0

AL X FhGE T 5 B A — LB n SRR BRI SE TSy LE— 2 TR R R i pI A R, fE4r
REFEH XM G, BRI A MBI J5 Bt & ik TF-IDF (term frequency—inverse
document frequency, T4 SCAAHER ), i BT AR SRS rp B ST R e o E L it
X LERFAE A TEA RN Z i 7R (12440

In[9]: from sklearn.feature_extraction.text import TfidfVectorizer
vec = TfidfVectorizer()
X = vec.fit_transform(sample)
pd.DataFrame(X.toarray(), columns=vec.get_feature_names())

Out[9]: evil horizon of  problem queen
0 0.517856 0.000000 0.680919 0.517856 0.000000
1 0.605349 0.000000 0.000000 0.000000 0.795961
2 0.000000 0.795961 0.000000 0.605349 0.000000

[ 3: IDF BN S —Ma i RIS b —— 35 TE
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KT TE-IDF 43 28 [R G, 20 5.5 75,

5.4.3 BERHHE

P& 2B — R Wik, st BG40, A7 5.2 1T 5 5 7 BRI
(R, R ER gD . R EFORER ., (HEERMAANES T, X
BT REA KA,

AR SE R M Ay 28 PR A AR BB A B HH T AR A7E (B2 VR AT LASE Scikit-Image 55i H
(http://scikit-image.org) R ENVF L AR5 k00 e S U B, 5T [EII s Scikit-Learn 1
Scikit-Image [7Rfl, TSI 5.14 i,

5.4.4 {TH4HE

A — i F BRI A2 i AR 280 40 28 T A SR B BTRRAE . FRATIHE 5.3 15 M AL
P i iE ZTFAFAERT, 82 Wl ix R AE . BATTR BURE— A etk 11 VA 46 5l 22 T [l U4
I, FHEAR R S AR SR B, A SO R A | X AL B T A I R A B iR
#[EV3 (basis function regression), PEANIHEZMW, 5.6 1,

filn, THEIEIEBAAARE — S ASAA (A8 5-35 FR)

In[10]: %matplotlib inline
import numpy as np
import matplotlib.pyplot as plt

x = np.array([1, 2, 3, 4, 5])
y = np.array([4, 2, 1, 3, 7])
plt.scatter(x, y);
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B 5-35: NEERELISHIAUE

fHZ AR M LinearRegression A tH— X H &, IR HLM R (nE 5-36
FimR)
In[11]: from sklearn.linear_model import LinearRegression

X = x[:, np.newaxis]
model = LinearRegression().fit(X, y)
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yfit = model.predict(X)
plt.scatter(x, y)
plt.plot(x, yfit);

Tr ]
6l

5l

4+ ®

3 ]

2F ]

1t ]
B B B

B 5-36: MRAFHMNSEL

RWAR, BAFEH AR IR ADRNA x 5 y B R . rTUO AR T, FFig
RSN R R AR TR R S A B lan,  mTUAAE S b 3 22 TR AE -
In[12]: from sklearn.preprocessing import PolynomialFeatures

poly = PolynomialFeatures(degree=3, include_bias=False)
X2 = poly.fit_transform(X)

print(X2)

[[ 1. 1. 1.]
[ 2. 4, 8.]
[ 3. 9. 27.1]
[ 4, 16. 64.]

[ 5. 25. 125.]]
FERTAEREAERE S, 55 1 51F0oR x, B 250FRx, F 3 FIFoR . @l 3Hx A9 R
NFERETHRLPE RIS, kT DR B Bl JFAA SR a R T (A&l 5-37 FiR) -
In[13]: model = LinearRegression().fit(X2, y)
yfit = model.predict(X2)

plt.scatter(x, y)
plt.plot(x, yfit);

1t .

o 1 2 3 4 5 6

B 5-37: NHEITENSMIFELHINEHER
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RPN T o e A A, i e AR e A R AR R A SR A, IE R S SRR IIMLER
2 BEHERE, 5.6 T FERBEVAREIEMAFX A A, ElE A AR
#%7Ai% (kernel method, 5.7 FRFIEMMNE) BRI hZz—,

545 HREKEEFRE

FRAE TR A — i WL sk R AC PR G 1l . FRATAE 3.5 Vi 443t DataFrame Uik 2 [ AL
B9, WEET NaN @i F FRFORVIE ., Bil4n, B4n N —A5dEdE.

In[14]: from numpy import nan

X = np.array([[ nan, 0, 31],
[ 3, 7, 91,
[3, 5, 21,
[ 4, nan, 61,
[8 8 11D

y = np.array([14, 16, -1, 8, -5])

2K — Al A LA o DB B B0 Gy B v, 1 TR A O 2 A R X Lt 2 B
o XARIEWARAGAK EET, MHAAHRIEIRZS, AR (5140 5139 [ bl
), AR (Bilan AR e S R R R A B R S () o

IR TTEAEA I R H p & AHE, X BEAFEAN A ST —BWET 5, e,
i, A8, Scikit-Learn £ Imputer 2 a]LSCEL .
In[15]: from sklearn.preprocessing import Imputer

imp = Imputer(strategy='mean')
X2 = imp.fit_transform(X)

X2
Out[15]: array([[ 4.5, O. 3.1,
[ 3., 7. 9.1,
[ 3., 5. 2.1,
[ 4. 5. 6.1,
[ 8. 8. 1.1

TS K, EFAERE b r W R G S B AR T EF IR A E R ERA T, XA HEER
BABEE T DA E B R PG 2% HIZE T, 40 LinearRegression PR 2%

In[16]: model = LinearRegression().fit(X2, y)
model.predict(X2)

Out[16]:
array([ 13.14869292, 14.3784627 , -1.15539732, 10.96606197, -5.33782027])

546 %FEEE

AR T ET A AR S B E Rk, RIS IR, THR Y IRTEE
B2 A DR AR . Bilan, T ]I Re TRt —Sefdnfion T,

(1) ¥ {EETE R IE

(2) FHITHERHAERE o kT
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) A LR AR,
T SEEUX R E AL B E A,  Scikit-Learn 12t T —ANEERS, TR
In[17]: from sklearn.pipeline import make_pipeline

model = make_pipeline(Imputer(strategy='mean'),
PolynomialFeatures(degree=2),
LinearRegression())

XA AL SR A — AR IERY Scikit-Learn *42, A LARHE (A A e dE47 B G S 1B 1Y
AL .
In[18]: model.fit(X, y) # Fi ki —#%, XHAHLE

print(y)
print(model.predict(X))

[14 16 -1 8 -5]
[ 14. 16. -1. 8. -5.]

RHERIE, FrARPERES A, HER, HTRAEREIE, Ry e il
G g b, BRUREMSAR R e IIMA R (BEHIES L 5.7 7).

5T Scikit-Learn 18 KGRI E ZoR 6, 15275 T AUANZ WU 2 2680 5.6 5, 5.7 HifY
N% .

5.5 E@: thENIHTSHE

I TEIPY YT A28 T LR R A S . AT AR, R TR 24— e S A B AN
TEMEE A AR, SN M5y 28T 48,

A1 35 DU SR AR — 2 R ] Pl o 28, S 4R R m R . A
BATHEED, WHATASECD, FAREE A A0 e P R AR T %, AT
BT EFE 532488 (naive Bayes classifiers) YT /EFH, Hodid—2RmFlgR4t
= U G B FE 2 B S EI R,

5.5.1 DIMtHEr4rZE

SR DUH37 53 24 25 S AR DU oy 2605 VAR AR Al b, HEBC R R Rl DU 2 (Bayes's
theorem) —A ARG R AR R AR, RNy 2, FRAFERE A
HAFLRERREAS B TR 2RI, WLk P (L | F¥1E ). DIMHE PG IR,
FTCL B4 T A 2 O R AR

P(FFAE | L) P (L)

P (RAL)
T AN B P AR, Sk Ly O Ly, — P 3 B A A 2 1 i 6 O 2 1
HeAf -

P (L1 FHE) =

HEEFES | 333



P(LyI| $¥4E) _ P (FFHE 1Ly) P(Ly)
P(Lal F#AE)  P(R¥AE1 Lo) P(L2)

BUAETRE— R, IR IR AR ZERY P (RFAE | L) X PR FR ) S B R,
e AT AN R A ki A B R BeRE LI B (SRR A1) o A B RlbrR % e B A
T DU 23 2 85 VIR RE R 28800 . R ARX A IR D SRl W AR Aeff, (E@ 3 fiTmT LA
IR A TR L A AR iR, R FETEIIZR T AR,

ZILABRA “AERT B AP I, S DR A Rk bR 2 B A R TR R A T o T B
Wik, hEEFRE At e B A BT R T (DU, SR ik nT DA A DU 7532 . AR [m] 22U Y
AP DU 23 28 8 B BRI AR R e B, TR 28— LR R TR . Bk
AT IR
In[1]: %matplotlib inline
import numpy as np

import matplotlib.pyplot as plt
import seaborn as sns; sns.set()

5.5.2 SHTFME R HT

7 5 BRI K 25 DUM 307 5 5 % T RERLE 5307 K 25 DUHJ0T (Gaussian naive Bayes) T
RN RGEBREESMRENHBESRAGENS TS, BRAOGHE TEIEE (dnE
5-38 Ai/R) -

In[2]: from sklearn.datasets import make_blobs

X, y = make_blobs(100, 2, centers=2, random_state=2, cluster_std=1.5)
plt.scatter(X[:, 0], X[:, 1], c=y, s=50, cmap='RdBu');
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5-38: SEIANEINITHEID AR
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— b 3 6 e /) B R B O kR R A A N S Wi A, AR L T E (no
covariance, FRERMETCR), RERH B ARSI AFEAR SHEFFREZE, BEXX—15
Wi A, sl AARARL T, x4 fa B i BRI o 2R a5 R an ik 5-39 B,

Naive Bayes Model

5-39: SHIMRIITHMER OB

Vel P R 5] ity 28 2 B AR 0 v 0T A AR, BRI A Tl o T RE PR .l i e o
KA E R, ATCATH R E B EOE s USRI (likelihood) P (HFAE | L)), RJGHRYE
DU PR IR Y R (A, AT T B s T RE R B R HIAR %

iZ PR ALE Scikit-Learn [ sklearn.naive_bayes.GaussianNB PFA4 25 9oy .

In[3]: from sklearn.nailve_bayes import GaussianNB
model = GaussianNB()
model.fit(X, y);

IUAELE B — EET A R PRI -

In[4]: rng = np.random.RandomState(0Q)
Xnew = [-6, -14] + [14, 18] * rng.rand(2000, 2)
ynew = model.predict(Xnew)

FTCARE X S o i ok, BRI SIALE (AnlEl 5-40 PoR) -

In[5]: plt.scatter(X[:, 0], X[:, 1], c=y, s=50, cmap='RdBu')
1im = plt.axis()
plt.scatter(Xnew[:, 0], Xnew[:, 1], c=ynew, s=20, cmap='RdBu', alpha=0.1)
plt.axis(lim);
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5-40. SEIMNENITHIDXETMICE

AUAE sy KEER P B R — KM DD LA — o, w3 DI A ik Ty
ik,

DU X (Bayesian formalism) [ —/N 00 B4R M2 B2 R AR S HF R4 25, FefiTnl LA
predict_proba J5 ik tHRAEA R THAFRZEAIRESR .

In[6]: yprob = model.predict_proba(Xnew)
yprob[-8:].round(2)

Out[6]: array([ .89, 11]

E)
B
B
B
B
B
B

[l oo NoNoNoNol

1
]
]
]
]
1
]
5

15, 0.85]])

XAECE o BIES T RTPRA AR R SR . AR IRTR TG o RSB ATE M, L
UM AR A

LK, T AR SOR NIRRT —IF iR T (R ik, R i ib 38 UM 2 13
FEEF GRS R B, FEFZYRrh, RHRREARZ MR, KRR A DR m
b2 DU B — B R T i

5.5.3 ZInI\HhE N Hr

HT TG AT 28 0 s ST B AN Bk 6 5 PR 2 A A A 7 e R — PP % B —Fis I
{B 15 A& 22 T A 35 DU (multinomial naive Bayes), ‘EIRGERHIEZ H—/> ] 4.2 Wiy
AR o 220155 A AT LIRS R A REA H B B RES TR bk 22 T 35 DU i b
1A A B R B B B LRI A
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XA BR800 —AE, PRI R EAR A o5 A A PR i o A, e 2 000 A
M.

1. 86l xR
2 TR 35 U038 T T 3CA 57 28, HURRAE AR A2 48 14 40 2 SCAS Y B 1] HE B ok 4 B8
o 5.4 N 8k SCAREAETE I 5 1%, X B 20 /S 2 37 [ 21 75 FHE (20 Newsgroups
corpus, #£J20 000 &&#riE) HIRIR LR ENEARHAE, 87 anfar H 2 kb 25 DUH-etix
LET I H B T 2K
B, TEEGRIFEE RN AT

In[7]: from sklearn.datasets import fetch_20newsgroups

data = fetch_20newsgroups()
data.target_names

Out[7]: ['alt.atheism',
'comp.graphics’,
'comp.os.ms-windows.misc',
'comp.sys.ibm.pc.hardware’,
'comp.sys.mac.hardware',
"comp.windows.x',
'misc.forsale’,
'rec.autos’',

rec.motorcycles',

rec.sport.baseball’,
rec.sport.hockey',
sci.crypt',
sci.electronics',
sci.med',

sci.space',

'soc.religion.christian’,

"talk.politics.quns',

"talk.politics.mideast',

"talk.politics.misc',

'talk.religion.misc']

Jh TRfeoR R, USR], T AIZREE A -

In[8]:

categories = ['talk.religion.misc', 'soc.religion.christian', 'sci.space',
'comp.graphics']

train = fetch_20newsgroups(subset='train', categories=categories)

test = fetch_20newsgroups(subset="'test', categories=categories)

e — R A

In[9]: print(train.data[5])

From: dmcgee@uluhe.soest.hawaiil.edu (Don McGee)

Subject: Federal Hearing

Originator: dmcgee@uluhe

Organization: School of Ocean and Earth Science and Technology
Distribution: usa
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Lines: 10

Fact or rumor....? Madalyn Murray O'Hare an atheist who eliminated the

use of the bible reading and prayer in public schools 15 years ago is now
going to appear before the FCC with a petition to stop the reading of the
Gospel on the airways of America. And she is also campaigning to remove
Christmas programs, songs, etc from the public schools. If it is true

then mail to Federal Communications Commission 1919 H Street Washington DC
20054 expressing your opposition to her request. Reference Petition number
2493.

h T IEX SR RE I THLE 2], TR T R N B A A ) e, WA B —
ANESE, ¥ TEIDF FMEfE 5 (BB 547) 5250003 Wi 8 A 7E
‘*igz

In[10]: from sklearn.feature_extraction.text import TfidfVectorizer

from sklearn.naive_bayes import MultinomialNB
from sklearn.pipeline import make_pipeline

model = make_pipeline(TfidfVectorizer(), MultinomialNB())
MR AEE, kAT DR R b F BN 2R b, T I A s bR 2

In[11]: model.fit(train.data, train.target)
labels = model.predict(test.data)

XFEEEAT B MR I FARZ, T UAE— 2D PRAG PRl s O MERE T, ilan, FIRIEH
B HHIASAR L ShR % SHER S (55 R (I8 5-41 FiR) -

In[12]:

from sklearn.metrics import confusion_matrix

mat = confusion_matrix(test.target, labels)

sns.heatmap(mat.T, square=True, annot=True, fmt='d', cbar=False,

xticklabels=train.target_names, yticklabels=train.target_names)
plt.xlabel('true label')
plt.ylabel('predicted label');

MR RTEAB A, BAR A AN 8 P 40 2 8% mT DAAR AT b X 45 5 52 7 W [ Ao it
LML, AFA S 208 B AR B T R X 0 O R AN KA . AT REAR IX /> STUBA B ik
5% NI
HIAERATE —A T URHEM TR T 2R TR T, RZEHEER predict() Jikut
ATLATRM . A R AT AR ] 5= 77 R A TR S5 R -

In[13]: def predict_category(s, train=train, model=model):

pred = model.predict([s])
return train.target_names[pred[0]]
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comp.graphics

‘aci.space

predicted label

socreligion.christian

talk religion.misc V] 0 0 48
a o e o
2 o @
£ g g £
& @ c =
& b L] g
a s =
8 2 :
[ 3

[*]

8

true label

5-41. ZMAMNENITHT AN KB RERME

T AR R FRIACR |
In[14]: predict_category('sending a payload to the ISS')
Out[14]: 'sci.space'
In[15]: predict_category('discussing islam vs atheism')
Out[15]: 'soc.religion.christian'
In[16]: predict_category('determining the screen resolution')

Out[16]: 'comp.graphics'

BRI RS E 2R A AR O ) SToioA ) ] 55 R me A o 4 2
HE BRI FBCR AR 4. T W, B —ANER R AR, SRS BRI
BT R RS AEBAR N, oI DAk AR BIRIRCR

5.5.4 #hENMETHIN HiA=
P T 35 DUV 5 4 B8 PR TR OB 8, [RB I i SR 0 L S 2B, 36
B TR ILAELL F A

o IR AL o BE P

o ELIRE BRI

o HRE SRR

o TS RAIIE) B,
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XL R AR AP 28 DU 35 28 250 W TRE A 1R A o R0 AR MR . AR oy AR T 2 3Kk
ML RHERE, R TR POk A 5 R o 2eds . HARRY RBCRA B,
LIRATEAE I A o Y, D3 DU 23 e85 O 0 BRI TR L, BRI
TR 5y RAICRIETE AN

Fh3R US55 2 A& & T LA T R 5%

o (RS AR B SRR TR (SEhRpiRADIL)
BIPRIRY X o AR, BRI AT L,
o ARE AR BEE, BRI A E Y,

JRHIM AR, FESRABARSE . Bl G Bn e SRR, AT P s AN K T RER i
I (SR eMEEs— N R DA BEGE A7), Wit Ul, e S HEImHEA K
B EREMRBSRMT, mEEdmm O R bR AR A FE O s E . Ik, BEE%
R AW, SOFD SR DU R 18 85y 28 85 Y oy RBCR TN Aoy e ds — A, HE
A HEOR A R BATEAR, R rE R e DA ER SRR,

5.6 ET: Z%M@13

AR GEAP R DU (FEETEZ L 5.5 79) R Md o RAEFS IR, A8 Sk iml U0 ik
RO I VAL 55 HUAF AR Ao X ST FRUAR W, & IR oA BT TR A s B R, T
HARZ B ke, YRl REXT ek A B AY B R B T (B BORLG — SR H k) AR
BT, gty iR, XS AT DO SR A BR T A TR A

AT RS R W b A 28 Zet: 1 VA (R8T WO B A R, ARG A 28 Anfap st 2k I A A
TUGEAT—MALAC R, (EHREME MR Bda b S A i, e e AR IR P 1
In[1]: %matplotlib inline
import matplotlib.pyplot as plt

import seaborn as sns; sns.set()
import numpy as np

5.6.1 BEZMHEIS
BRI BT NSk B TR —— R B A R — S EL ek . B A WIRAL T
Hy=ax+b, Hi o RHERIER, b LHLER.

BAE FHEEDE, EIEAFRED 2, B -5 I EZS P HATHos. (A&l 5-42 BoR) -

In[2]: rng = np.random.RandomState(1)
X = 10 * rng.rand(50)
y =2 *x - 5+ rng.randn(50)
plt.scatter(x, y);
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5-42. MDD
W[ L Scikit-Learn i LinearRegression PEff &% 1L A 4cE, HIRGREN A EHL (A
5-43 fliR)

In[3]: from sklearn.linear_model import LinearRegression
model = LinearRegression(fit_intercept=True)

model.fit(x[:, np.newaxis], y)

xfit
yfit

np.linspace(0, 10, 1000)
model.predict(xfit[:, np.newaxis])

plt.scatter(x, y)
plt.plot(xfit, yfit);

5-43; 4I@IPEE
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BRI BN R AR E R LA =50, Scikit-Learn i £ E 2505 1 n— 4% P RIZ:,
B[l coef_ Fl intercept_:

0

In[4]: print("Model slope: ", model.coef_[0])
print("Model intercept:", model.intercept_)

Model slope: 2.02720881036
Model intercept: -4.99857708555

ALER], AR SHESEART R, XIERRNHEER,
KM, LinearRegression PRl &% REMAY Al LA 1hix Se——BR T B AR B LRIUA, Bk rlLL
ADFE % 2t B A 2 Pk ] A A

y=ag+ax, +ax,+
HimAG 24 x BE, WLRAFPRAER, EAEAELE =g im i —AFm, 8382
S e 2 R B BE AU A — S .
BARIX B Y £ AR (A T R RTA L, A& 3RATTRTUAH NumPy HY4ERE 5
BHEAF O — SR, N x A A e

In[5]: rng = np.random.RandomState(1)
X =10 * rng.rand(100, 3)
y = 0.5 + np.dot(X, [1.5, -2., 1.])

model.fit(X, y)

print(model.intercept_)
print(model.coef_)

0.
[

= U

52, 1]
oy R 3 ANHEALAY x R A, kR AR R T TR R

WX F SR, s RT LA —A> LinearRegression PRl 3L A 4B AT B 4 B 2% . ~FIRAIHE T
T, BAXMGED AR RBRY, FhelssRalE T &M R B, (AR,
WA AT,

5.6.2 EmEMEIA

PRAT LA o 5 o B0 SR AR B A7 A e, AT b 2 o I P 8 [ A AR A i Ay A e e ]
R, FATRT A LA 43X N4 55, 1R 5.3 iF1 5.4 il PolynonialRegression 45 & 7/
Bl AR A B o XA TG 51 2 R R

y=ay+ax +ax,+ax;+ -

Horh — A NS & x B T SR X xy. Flxge 1hx, = £i(x), XEM L0 A5
PR R 5
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{BAn £,0x) = x", BB LAERY g 25728 ik 2 T [m] U
Y=ay+ax +ax +ax + -

TR, X RAGRR— MR, Wit VAR o, B SHREHHRR. 3K
TSR — 2R x SO T i dEzSm], Aol i 2 AR ARk v DMULA H x 5 y I 2
{OP S

1. ZMAE R
2RI A, ik Scikit-Learn N & | PolynomialFeatures #5#igs S iX N IhRE :
In[6]: from sklearn.preprocessing import PolynomialFeatures
x = np.array([2, 3, 4])

poly = PolynomialFeatures(3, include_bias=False)
poly.fit_transform(x[:, None])

out[6]: array([[ 2., 4., 8.1,
[ 3., 9., 27.],
[ 4., 16., 64.1])

S B IR AR, AR R T S XA AR 2 SR T LR %
R E SR Rt
RIRTE 5.4 VI 2BIIARE, SRl A0 A E LBl et fE . 1RO —A 7 k£
TGz ml e

In[7]: from sklearn.pipeline import make_pipeline

poly_model = make_pipeline(PolynomialFeatures(7),
LinearRegression())

et 25, Tk T DA RRUA x Fly ZRIEE IR R T, filan, T
AR — SR A IE L (AnfEl 5-44 FoR) -
In[8]: rng = np.random.RandomState(1)

x = 10 * rng.rand(50)
y = np.sin(x) + 0.1 * rng.randn(50)

poly_model.fit(x[:, np.newaxis], y)
yfit = poly_model.predict(xfit[:, np.newaxis])

plt.scatter(x, y)
plt.plot(xfit, yfit);
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B 5-44. KM OPRE S IEL IS
Widia 7 kR L TR B, XA LR AT L L M RR LA AR AT AR |
2. BETE R

YIEA AT s B, Blan, A —FE HRIA BTG B GE R TR A — 2 2 550K
e gy, e —dmilik i, m&SRME 5-45 PR,

o 2 4 L] 8 0

B 5-45: SETERMINSIFLILAIE

P 5-45 w1 R BA 20 o AR R AN [ ARG B 5, 38 B ATTRCTE — RS I gl 25 77 A T 1 itk 2%
Scikit-Learn J{-{3 4 N B X Se s Wi A6 s %, (HIRATTRTLL A 5 — A0 4% ok 61 e i B A& e
$, BORANE 5-46 Fizn (Scikit-Learn Y% 25 #& F Python 28 SEELRY, i1k Scikit-Learn
FIR AR AT RE S 4T B R M1 Bl 5 1)
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In[9]:
from sklearn.base import BaseEstimator, TransformerMixin

class GaussianFeatures(BaseEstimator, TransformerMixin):

" YA A S oy A A

def __init__(self, N, width_factor=2.0):
self.N = N
self.width_factor = width_factor

@staticmethod
def _gauss_basis(x, y, width, axis=None):
arg = (x - y) / width
return np.exp(-0.5 * np.sum(arg ** 2, axis))

def fit(self, X, y=None):
# LEHCHR X a] rp G140 A RO
self.centers_ = np.linspace(X.min(), X.max(), self.N)
self.width_ = self.width_factor * (self.centers_[1] - self.centers_[0])
return self

def transform(self, X):
return self._gauss_basis(X[:, :, np.newaxis], self.centers_,
self.width_, axis=1)

gauss_model = make_pipeline(GaussianFeatures(20),
LinearRegression())

gauss_model.fit(x[:, np.newaxis], y)

yfit = gauss_model.predict(xfit[:, np.newaxis])

plt.scatter(x, y)
plt.plot(xfit, yfit)
plt.xlim(0, 10);

B 5-46: BUEBEXERE, TNSHEILIUS
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TN Z P DA R OIRAER B, ROk TR 2 E BT 2 BE T AR IR $
PERY A BRA SR A, A2 TUL A OO L2k i s, ARG R EN,

5.6.3 IEM{k

BARTE S AR R rp SIS BB S R AR R IR, (R WRA St ila (1
THESI 53 70), Bilan, ks T RZ mEk s, ML REHHE S RER K TRET
Ahf (4 5-47 FiorR) -

In[10]: model = make_pipeline(GaussianFeatures(30),

LinearRegression())
model.fit(x[:, np.newaxis], y)

plt.scatter(x, y)
plt.plot(xfit, model.predict(xfit[:, np.newaxis]))

plt.x1lim(0, 10)
plt.ylim(-1.5, 1.5);

B 5-47: —TEESRVERNHEING

AR HAR IR 30 ZERY AR R B b, B SR A T RE, AT REAS 1 1 b b AN T
Dr BB AnRoRE e 0T o B AR B R, gk nT AR B #0440 s (AnfE] 5-48
FR) -

In[11]: def basis_plot(model, title=None):
fig, ax = plt.subplots(2, sharex=True)
model.fit(x[:, np.newaxis], y)
ax[0].scatter(x, y)
ax[0].plot(xfit, model.predict(xfit[:, np.newaxis]))
ax[0].set(xlabel="x", ylabel='y', ylim=(-1.5, 1.5))

if title:
ax[0].set_title(title)
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ax[1].plot(model.steps[0][1].centers_,
model.steps[1][1].coef_)

ax[1].set(xlabel="'basis location',
ylabel="coefficient',
xlim=(0, 10))

model = make_pipeline(GaussianFeatures(30), LinearRegression())
basis_plot(model)

10 2,
o5 .
= 00
05
-1.0
-15
x

1] 2 4 ] 8 0
basis location

coefficient

B 5-48: TESHKNREPSHERMOIARL

P 5-48 T IrIANE E Bor T E AR R BRE . 20k e B B, R B
BT A AHARIE BB R B EARIY . X TR A R, An SRR R f AR R 2 5tk
fT4EST (penalize), MR I ZNH B, W%k v ARDX AN A8 T X4 28 T ML
WFRAMIEN{E (regularization), & JLFWARIFIZEIIER,

1 IR EYE (LEEEM )

IENE R WAITE AT REL 2 U E]YT (ridge regression, 8¢ L, SEEUEML), ARHLBHR
AEHRFREM (Tikhonov regularization) , HACER T B XA 25 A0 (L, 75%0)
BB, BEARMLLA R AE ST I .

1’::(22212216f

Kb, a2— 1T HBHSE, RSREBHIETIR DR, X s 28 TR N B /£ Scikit-Learn
fJ Ridge PPl e (Anl&l 5-49 PioR) -
In[12]: from sklearn.linear_model import Ridge

model = make_pipeline(GaussianFeatures(30), Ridge(alpha=0.1))
basis_plot(model, title='Ridge Regression')
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Ridge Regression

coefficient
(=]
=]

1] 2 4 ] 8 0
basis location

B 5-49: IR@I3 (L, BH) ENCBTEERERE (56 5-48 XiLt)

B o RABHI R AR G BRI e, a0 o — 0, ABABR R 8 S hrdE Lk | 345 R
IR a — o, WA R E SRR, W mIH—AEE A, AR SR
oS —— R A L SR AR 2P [ VAR, TP A TR 2 AR IR,

2. LassolEMIfk (L3EHD

B —FhE FH I IE NI 9 F7 R Lasso, HACPR TG B2 XM R 2 B A IFD (L, YE%k) E4T

HiE &
A

P=ay, .6
AR CEA LARRF R B e, (AR I SRR, Flan, T HILAEE
P, Lasso IENMLH R TAUERBERAER, diteil, BEEYCREAREOIXEA 0,

AILAE B A 5-49 Fron g &, (& AR 2500 L1- JEBCERNIfE SR8 (anfEl 5-50
FiR)
In[13]: from sklearn.linear_model import Lasso

model = make_pipeline(GaussianFeatures(30), Lasso(alpha=0.001))
basis_plot(model, title='Lasso Regression')

il id Lasso VAT, K2 Bk sl B RBGHR B 17 0, BrDAETIAR B T 50K o 50—

NSy . SIS EIAIENIEREL, 2580 o fHIAETT DR, aTULR 28 AT ke (ST
I 537),
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Lasso Regression

coefficient

1] 2 4 ] 8 0
basis location

B 5-50: Lasso (L,5&#) ENABRIESRNMER (56 5-48 Xitt)

5.6.4 Efl: BMMBITERE

TITRR 22 TN SE E R A R AR B AT R, BARR A ARIRAR. A ML
PR IZAF N B AT ST R . BRATE 3.12 71 DL X Lo

AN, ATE B TSR S AR R E Rk, WM RSMENRE (RE.
B BN A E ) S iiB el X R B AT 5 . NOAA EL&4 4t 145 H ik S KX
Wik (http://www.ncdc.noaa.gov/cdo-web/search?datasetid=GHCND) & (& F i1y3k 55 ID
/& USW00024233), wJLAH] Pandas 5200 f P iy B ek ke . SRV, BUEE—A TR A £k
B HERCRIEZR 5 AT R 8 e RS R 2, Ml (2 —Fh R F o6 5 42 N %%
AR

HEAEENRE, X2 MNMERES I AMEZL d 4nfal b Scikit-Learn T ELAYZ M, A
ZHWE A A FTUMRM S . sHRANRT Pl A0EE, BARX IR A —A A ki
WLas 2 2] 5 iR, A X7 i MR e oA 7Y v 25 FH 3,

B AR EE, B PIERS].

In[14]:

import pandas as pd

counts = pd.read_csv('fremont_hourly.csv', index_col='Date', parse_dates=True)
weather = pd.read_csv('599021.csv', index_col='DATE', parse_dates=True)

RIGHEEE—RIA AR, BEERE—/ 310 DataFrame .

In[15]: daily = counts.resample('d', how="'sum')
daily['Total'] = daily.sum(axis=1)
daily = daily[['Total']] # remove other columns

FEZ T AT b, A VR IR — BN — KA A — AT, Bk, FRT L F o
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E 75 0~1 HEFERERL.

In[16]: days = ['Mon', 'Tue', 'Wed', 'Thu', 'Fri', 'Sat', 'Sun']
for 1 in range(7):
daily[days[i1]] = (daily.index.dayofweek == i).astype(float)

A 3B NBAET R A WA BT, , FRHEIM—AIFIR GRS AT R A

In[17]: from pandas.tseries.holiday import USFederalHolidayCalendar
cal = USFederalHolidayCalendar()
holidays = cal.holidays('2012', '2016')
daily = daily.join(pd.Series(1, index=holidays, name='holiday'))
daily['holiday'].fillna(0, inplace=True)

BABEINAG A BRI AT E A5, ik, FFsfEr KRR E X 715 B (nfE
5-51 i)

In[18]: def hours_of_daylight(date, axis=23.44, latitude=47.61):
"L A B R
days = (date - pd.datetime(2000, 12, 21)).days
m = (1. - np.tan(np.radians(latitude))
* pp.tan(np.radians(axis) * np.cos(days * 2 * np.pil / 365.25)))
return 24. * np.degrees(np.arccos(1 - np.clip(m, 0, 2))) / 180.

daily[ 'daylight_hrs'] = list(map(hours_of_daylight, daily.index))
daily[['daylight_hrs']].plot();

= daylight_hrs

2013 014 2015
Date

5-51. AEEAUEDENEIMIL

AL T LA g — KA P2 R AL PR . BR T M A EUE 24, FR i —A4rid
Foraed Tl CERPENEA0) -

In[19]: # me*mfﬂ”lllﬂfEEE)# R, A AR
weather['TMIN'] /=1
weather['TMAX'] /= 10
weather['Temp (C)'] = 0.5 * (weather['TMIN'] + weather['TMAX'])

A
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# PR AR I/ 1omm g Y, Bk A EET
weather['PRCP'] /= 254
weather['dry day'] = (weather['PRCP'] == 0).astype(int)
daily = daily.join(weather[['PRCP', 'Temp (C)', 'dry day']])
W, W—A N 1 RIS, Ron— 2tk T 2R, ZARERTLALETR
B S —4 B AT 4w A Sdi b
In[20]: daily['annual'] = (daily.index - daily.index[0]).days / 365.
B e, RERNILAT:
In[21]: daily.head()

Out[21]:
Total Mon Tue Wed Thu Fri Sat Sun holiday daylight_hrs \\

Date

2012-10-03 3521 0 0 1 0 0 0 0 0 11.277359
2012-10-04 3475 0 0 0 1 0 0 0 0 11.219142
2012-10-05 3148 0 0 0 0 1 0 0 0 11.161038
2012-10-06 2006 0 0 0 0 0 1 0 0 11.103056
2012-10-07 2142 0 0 0 0 0 0 1 0 11.045208

PRCP Temp (C) dry day annual

Date

2012-10-03 0 13.35 1 0.000000
2012-10-04 0 13.60 1 0.002740
2012-10-05 0 15.30 1 0.005479
2012-10-06 0 15.85 1 0.008219
2012-10-07 0 15.85 1 0.010959

BT xR g, st DR B NS, SR)aeEdR e r gt bl A e TR
AU FH#EE, Mk E fit_intercept = False, B hf—KPERE (Total )
FA B RTLAE A 2 R AHE .

In[22]:

column_names = ['Mon', 'Tue', 'Wed', 'Thu', 'Fri', 'Sat', 'Sun', 'holiday',
'daylight_hrs', 'PRCP', 'dry day', 'Temp (C)', 'annual']

daily[column_names]

daily[ 'Total']

X
y

model = LinearRegression(fit_intercept=False)
model.fit(X, y)
daily['predicted'] = model.predict(X)

BJa, AR EASRE (Total FB) STl E (predicted 7B) (4nl& 5-52
FiR)

In[23]: daily[['Total', 'predicted']].plot(alpha=0.5);

TE 4. JLSCbZRPEm ARG 8RR, BI i E fit_intercept = True, JUALERUAAL. —FHE

3 | 351



1000 8

-1000

Jan Jul Jan Jul Jn Jul
2013 2014 2015

B 5-52: QBRETANBSITERE

AR, FRMER T —LERBRE, UHEE RTINS, 20 m TAER A2
(BDPTREID A HAB R RS EMANTe R4 ), HARA — AR SN R RATRA % T
(BilZn, wTRENATIE N I v s RN H A RS 42) o (Hag, XAUEDMR L2 e LLBE[R]
i, THLERATERERI RS, PR & AR5 H AT 4R R AR -

In[24]: params = pd.Series(model.coef_, index=X.columns)

params
Out[24]: Mon 503.797330
Tue 612.088879
Wed 591.611292
Thu 481.250377
Fri 176.838999
Sat -1104.321406
Sun -1134.610322
holiday -1187.212688
daylight_hrs 128.873251
PRCP -665.185105
dry day 546.185613
Temp (C) 65.194390
annual 27.865349

dtype: float64

ARAR X EEHAR AT E AT IEAL, AP A BIRAEBA R . rTUUH B 3 R
IE PR TR EAR A A B E 1 -

In[25]: from sklearn.utils import resample
np.random.seed(1)
err = np.std([model.fit(*resample(X, y)).coef_
for 1 in range(1000)], 0)
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A TIETHREZ G, FREXLEER .

In[26]: print(pd.DataFrame({'effect': params.round(0),
'error': err.round(0)}))

effect error

Mon 504 85
Tue 612 82
Wed 592 82
Thu 481 85
Fri 177 81
Sat -1104 79
Sun -1135 82
holiday -1187 164
daylight_hrs 129 9
PRCP -665 62
dry day 546 33
Temp (C) 65 4
annual 28 18

B, BUERA LR EN, TIEHBEMABRALLFEERNRIE L, Hik, A&
IF ARG 0 1 /NEE, 8N 129 £ 9 NIRZERIN s Wl A BT 1, IR 65 +
ANBEPN; RIBRE T, L4 NESEIN 546 + 33 N BRmmERm 1 95-F,
B NERD 665 £ 62 N, M mE R ER 2 G, —FhsL —REE NI
(HIRLLEIE) 28 + 18 A,

MR R K T —LEEE R, flan, LRAVIRSMRZME S (FlanpERFES R
IR FRARLetEia S (AT TE R i v s RN T RERIAN B 0 42 AERE T AR
BAEIH. B, BATER T —LEanPiR BRI EE (40T FRR AR AN T R G50 2
IR ZES:), B2 T ARAE H Lk i AR Se (T F AR R 40—k R = 2 Ay
SR, SEFBIER M 2 Ja AN R I M o a5 N B2 ) 3k ST AT R O 42 A\ B
o, BAERT LEas T 1A, mRER, Wlt—Pitiror.

57 T#: ZiFmEN

FHFlREHL (support vector machine, SVM) EIEFRA., RIGHIA WEF 1R, BEA
MFar2s, el HTRIE, EAT R, OSBRI EHR R, FH e 2mn)
W, HhE AT EE IR E
In[1]: %matplotlib inline
import numpy as np

import matplotlib.pyplot as plt
from scipy import stats

# FSeabornim ¥
import seaborn as sns; sns.set()
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571 XFFmEEHHIENE

FERTHT 28 VUi 5y 2e2s (PRIEIEZ WL 5.5 1) I, 3R dexd s 23k 47 TRENLAY A (1)
(Rix, SRJ5 HA BB R A TR BAE RIbR s . IR BT E Tk, X AN BH R 52K
Ttk AHABRBAER, MM —F&o#lg (C4eznh i ELsis) Bk
(=S im by, iSRS & 2R EF .

AR FORGPRTUR, HA PR A EOE vT AR B W o FF - (AnEl 5-53
FR)

In[2]: from sklearn.datasets.samples_generator import make_blobs
X, y = make_blobs(n_samples=50, centers=2,
random_state=0, cluster_std=0.60)
plt.scatter(X[:, 0], X[:, 1], c=y, s=50, cmap='autumn');
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B 5-53: S EHIE

XA H B 4y 2 g 2R — SR B 2 R o I B, IXAERRA B T — AN 4 A,
*F R ER 4Rk L, XTSRS LT ek, (ERIS EEB—A RS, £
XFRRT 0], A AR E& AT LU el 158 54 H .
AILMEEfTEERER (AE 5-54 FiR)

In[3]: xfit = np.linspace(-1, 3.5)
plt.scatter(X[:, 0], X[:, 1], c=y, s=50, cmap='autumn')
plt.plot([0.6], [2.1], 'x', color='red', markeredgewidth=2, markersize=10)

for m, b in [(1, 0.65), (0.5, 1.6), (-0.2, 2.9)]:
plt.plot(xfit, m * xfit + b, '-k')

plt.xlim(-1, 3.5);

A
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B 5-54: =RFEXRMLIMEHIBIIRS

BIRX ZARER 5 BIGSHTRE TE R PIRIX LEREA, [Hg AR HILk, FRES LR
R sl (BlanE 5-54 i) X7 ) o EFIAFEARE . B8, “E-—FoHIA R
WHL" B, RITHELE—-PE%,

5.7.2 XFEMEH: BREXNK

TR AR T o X A MR T s, BEMPIRRB S . AT E RSk X o2k
A, MiAE— KB RELSBR. ARENSSL. REERa TR s (anE
5-55 FioR) -

In[4]:

xfit = np.linspace(-1, 3.5)
plt.scatter(X[:, 0], X[:, 1], c=y, s=50, cmap='autumn')

for m, b, d in [(1, 0.65, 0.33), (0.5, 1.6, 0.55), (-0.2, 2.9, 0.2)]:
yfit = m * xfit + b
plt.plot(xfit, yfit, '-k')
plt.fill_between(xfit, yfit - d, yfit + d, edgecolor='none', color='#AAAAAA',
alpha=0.4)

plt.xlim(-1, 3.5);

FESCHF R, R SR KA R o B e R . S B SOt — M R
KALPEE S
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B 5-55: H AR BIHBINKS

1. A FFEEN
BB/ X AR B S A S . Scikit-Learn 143 £ a1 &AL 2 83 fE 5 EIZE—A
SVM BiR, ix B — AR e g, TR S8 C IREA—AMRRIE (R s Aix ki
BIEL) -

In[5]: from sklearn.svm import SVC # "Support vector classifier"

model = SVC(kernel='linear', C=1E10)
model.fit(X, y)

Out[5]: SVC(C=10000000000.0, cache_size=200, class_weight=None, coef0=0.0,
decision_function_shape=None, degree=3, gamma='auto', kernel='linear',
max_iter=-1, probability=False, random_state=None, shrinking=True,
tol=0.001, verbose=False)

KT LB AT R AT A o AR, G — N ER B s A E Y SVM YRR (nlEl 5-56
FiR) -
In[6]: def plot_svc_decision_function(model, ax=None, plot_support=True):

" SESVCH B

if ax is None:

ax = plt.gca()
x1lim = ax.get_x1lim()
ylim = ax.get_ylim()

# QI PEA BRI RHE

x = np.linspace(x1lim[0], x1lim[1], 30)
y = np.linspace(ylim[0], ylim[1], 30)
Y, X = np.meshgrid(y, x)

xy = np.vstack([X.ravel(), Y.ravel()]).T
P = model.decision_function(xy).reshape(X.shape)

# WRHGH AL R

ax.contour(X, Y, P, colors='k',

356 | ¥s5E



levels=[-1, 0, 1], alpha=0.5,
linestyles=['--"', '-', '--'])

# SR
if plot_support:
ax.scatter(model.support_vectors_[:, 0],
model.support_vectors_[:, 1],
s=300, linewidth=1, facecolors='none');
ax.set_xlim(xlim)
ax.set_ylim(ylim)

In[7]: plt.scatter(X[:, 0], X[:, 1], c=y, s=50, cmap='autumn')
plot_svc_decision_function(model);
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B 5-56: TLREL (B4 KO (BB) OFOENIXSBUSHIELER

XA T 2 B (R B e R 4 IR IR R — LB sAEAF AR S 2k b, fEIR] 5-56
MIRBE#RR, XL m R AR SR R, SRR IFEE, Sk SLRL L b
# o fE Scikit-Learn U], SRR ] ST AABRAF AR 7 5 45 Y support_vectors_ JE 1

In[8]: model.support_vectors_

Out[8]: array([[ 0.44359863, 3.11530945],
[ 2.33812285, 3.43116792],
[ 2.06156753, 1.96918596]])

SRS RE R I A WIS R 2, wh A X S S 3 Il R A B ——— AT (T £ IE #fi40 2— it
BH R R A S A S R R A B RIS, A R X B AN S LA
HIET AR 2 bR B A AT AT S, BT DL B 19 A bl 2%, BT AL B AN Rk BB e
B, wTLLSy B AR SR AT 60 A SFNET 120 A S A EE R, e (A& 5-57
FiR) -
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In[9]: def plot_svm(N=10, ax=None):
X, y = make_blobs(n_samples=N, centers=2,
random_state=0, cluster_std=0.60)
X = X[:N]
y = y[:N]
model = SVC(kernel='linear', C=1E10)
model.fit(X, y)

ax = ax or plt.gca()

ax.scatter(X[:, 0], X[:, 1], c=y, s=50, cmap='autumn')
ax.set_xlim(-1, 4)

ax.set_ylim(-1, 6)

plot_svc_decision_function(model, ax)

fig, ax = plt.subplots(1, 2, figsize=(16, 6))
fig.subplots_adjust(left=0.0625, right=0.95, wspace=0.1)
for axi, N in zip(ax, [60, 120]):

plot_svm(N, axi)

axi.set_title('N = {0}'.format(N))

5-57: FISEIERXN SYM ZRBIRI0

AL E R BRI AT 60 M UNZRFEA IR e e, fEA B, BARTRATE T /T
120 NMNSRREA R R &, (R R A s . AR 3 A kem =88 T4
o IR BT A B AN BB R AR OE A SVM BRI p 2 —
AR IE £E 38 4T Notebook, #] LA Fl TPython [ 58 B 41 {1 5h A WL 2% SVM A5 78 [ 3 /> 45 45,
(4nl&l 5-58 FiR) -

In[10]: from ipywidgets import interact, fixed

interact(plot_svm, N=[10, 200], ax=fixed(None));

2. BRI ZERESVMIREY
F SVM #58 iz sk 84 &, BhRe S AR R Ak, FATE 5.6 1 43k e B Il IH I 4y 27
ot — LR R, BN, FRATREECE P2 B 2 0 ORT i A R B OE SO RS TRl AT S
LM B A R A
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5-58: SVMRETMHNE-—MEE (1¥15152F Github ERZEALMIR, https://github.

com/jakevdp/PythonDataScienceHandbook)

FE SVM R A TR LAY R BB . oh 7 R AL R B, ST — 2R mT o3 9 5

## (4nE 5-59 FroR) -

In[11]: from sklearn.datasets.samples_generator import make_circles
X, y = make_circles(100, factor=.1, noise=.1)

clf = SvC(kernel='linear"').fit(X, vy)

plt.scatter(X[:, 0], X[:, 1], c=y, s=50, cmap="autumn')
plot_svc_decision_function(clf, plot_support=False);

-15

5-59: FAMNXBLRFLIEDRIIMR
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AR, X BRI RARS M B0 T ok o IR . WUB— T 5.6 IS ZRRAE BB IRT A T 7%
AR BAE T B gz A, i fE et s IS AT IR _E RS, Bildn, —FpE i
MR TR BARE B (middle clump) SHH.ORIR EE R E

In[12]: r = np.exp(-(X ** 2).sum(1))

Al LA e = 4 P ok rT AR BT A 4t B —— A1 R R IEAEIS 1T Notebook , 5t AT LA P 464
22 (WK 5-60 FioR) -
In[13]: from mpl_toolkits import mplot3d

def plot_3D(elev=30, azim=30, X=X, y=y):
ax = plt.subplot(projection='3d")
ax.scatter3D(X[:, 0], X[:, 1], r, c=y, s=50, cmap='autumn')
ax.view_init(elev=elev, azim=azim)
ax.set_xlabel('x")
ax.set_ylabel('y')
ax.set_zlabel('r")

interact(plot_3D, elev=[-90, 90], azip=(-180, 180),
X=fixed(X), y=fixed(y));

B 5-60: DJLUHTERMENEINE=THE

WA e 2 )5, B AR R T SR R . AnRILAE oy EPEEL, B0 - = 0.7, Bl
AR

RN DETLATAE TR B T R RER A e s B S b B IERRI AL B, B2k
PRI T &, AT BIEE R, I, PRk B LR A, FRANFFE LA A 2
B A A R

— RS A TR R BB SR LA SRR AR, Lk SYM Bk T A A5 R v 1 H
BRI, X R B O T AR AR R, R T AR S R AAR L (B R
B R,
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XFRRME AR, A0Sk N A B S B S N 4ESSIA], 24 N AR Rk &
Hepr e, HHEREER, HATEEEEIT (hip://bitly/2fStZeA) $&HH/NRFF AT
R BRI A, b Rll, REEELEAN N RS2 X MR
FeIGNEAE SVM AU, A SVM 5k anitb s 78 4y 451

fE£ Scikit-Learn BT, FRATAILLN JAAZ A5 LAY SVM BB LM% %75 2 RBF (1217 3 B4
) ¥, 1&E kernel BEAGEZSEBN W] (4n& 5-61 FiaR) -

In[14]: clf = SvC(kernel='rbf', C=1E6)
clf.fit(X, y)

Out[14]: SVC(C=1000000.0, cache_size=200, class_weight=None, coef0=0.0,
decision_function_shape=None, degree=3, gamma='auto', kernel='rbf',
max_1iter=-1, probability=False, random_state=None, shrinking=True,
tol=0.001, verbose=False)

In[15]: plt.scatter(X[:, 0], X[:, 1], c=y, s=50, cmap='autumn')
plot_svc_decision_function(clf)
plt.scatter(clf.support_vectors_[:, 0], clf.support_vectors_[:, 1],
s=300, lw=1, facecolors='none');

05

oo

-15

B 5-61: ZRALH SVM REHUSLIE

I XA R BB SRR AL, AR T — S A AR R R ID . FERL S22
SIrp, R R 22 R T R £ P 05 TR B A E e M T 1, U T AR LE AT A
P2 A R B T AT

3. SVMLk: BiLiasft

BIHAFA L, FAVrARETIEGE AR PR R T AR S, B A AR e BRI iR
WA AHARIRAV R A — S B RILELDIE? Flan, Ha T Pos—S8dE (A 5-62
FR) -
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In[16]: X, y = make_blobs(n_samples=100, centers=2,
random_state=0, cluster_std=1.2)
plt.scatter(X[:, 0], X[:, 1], c=y, s=50, cmap='autumn');
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B 5-62: BEENLE

h T IRPGXA A, SVM SKBL T —2EEIER -k “HAb” 5. h TG EL LA
K, ERU—LERMLTIORNE 2N, DRI T DLl 8 2 5t ], a2 C.
Wk CARK, DR, B AR/ AN A" Ak CEuBVD, DAt
B, A — LR sk el LSRRGS S 2k

[l 5-63 LR T ARIZ L Call i AL S 2, RHUEBOR ™ LRI RN -

In[17]: X, y = make_blobs(n_samples=100, centers=2,
random_state=0, cluster_std=0.8)

fig, ax = plt.subplots(1, 2, figsize=(16, 6))
fig.subplots_adjust(left=0.0625, right=0.95, wspace=0.1)

for axi, C in zip(ax, [10.0, 0.1]):
model = SVC(kernel='linear', C=C).fit(X, y)
axi.scatter(X[:, 0], X[:, 1], c=y, s=50, cmap='autumn')
plot_svc_decision_function(model, axi)
axi.scatter(model.support_vectors_[:, 0],
model.support_vectors_[:, 1],
s=300, lw=1, facecolors='none');
axi.set_title('C = {0:.1f}'.format(C), size=14)

A
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B 5-63: FAZH C HFASHMESHR

28 C WM EM AR LR BRSO, Wiz e sed R E (R
2053 ),

5.7.3 E6: AR5

TR N ISR B (01 A {5 S b 1) AL St o X HEL ) Wiild b 6 vh AR IS A A
FlIg, BiEs TRTRAFIARRE . Scikit-Learn N E T 2KEUE B I T RE :

In[18]: from sklearn.datasets import fetch_lfw_people
faces = fetch_lfw_people(min_faces_per_person=60)
print(faces.target_names)
print(faces.images.shape)

['Ariel Sharon' 'Colin Powell' 'Donald Rumsfeld' 'George W Bush'
'Gerhard Schroeder' 'Hugo Chavez' 'Junichiro Koizumi' 'Tony Blair']
(1348, 62, 47)

B —LE NI, BRI (Ank 5-64 PiR) -

In[19]: fig, ax = plt.subplots(3, 5)
for 1, axi in enumerate(ax.flat):
axi.imshow(faces.images[i], cmap='bone")
axi.set(xticks=[], yticks=[],
xlabel=faces.target_names[faces.target[i]])

A ERALE (62 x47], #1F 3000 3., SR LLE U A R EED—RHE, B
2 S AR T 1 A o P PIUAL B 2 SR AR U A SRYARRAE . X A By oo (RN
HEZ W59 7) R 150 MEATTER, AR AR ML IR &Ly 28 . LR XA
TRALER 2505y B 24T (L BB -

In[20]: from sklearn.svm import SVC

from sklearn.decomposition import RandomizedPCA
from sklearn.pipeline import make_pipeline

pca = RandomizedPCA(n_components=150, whiten=True, random_state=42)
svc = SVC(kernel='rbf', class_weight="'balanced')
model = make_pipeline(pca, svc)
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Colin Powell George W Bush George W Bush  George W Bush

George W Bush  Junichiro Koizumi  George W Bush Tony Blair Ariel Sharon

George W Bush Donald Rumsfeld George W Bush George W Bush  George W Bush

B 5-64: Wild FiBEDPHEIMCHAKBE
A TINR 2R8I,  EAR 8 RN ZR AR SE A 728 AR -

In[21]: from sklearn.cross_validation import train_test_split
Xtrain, Xtest, ytrain, ytest = train_test_split(faces.data, faces.target,
random_state=42)

Ba, ARBIERERR XRERFIREMS KA A, B AW C (Pl A L&A aE
JE) Fi2% gamma (BRI BBUZ IR/ ), Bl e s Ay .
In[22]: from sklearn.grid_search import GridSearchCV
param_grid = {'svc__C': [1, 5, 10, 50],
'svc__gamma': [0.0001, 0.0005, 0.001, 0.005]}
grid = GridSearchCV(model, param_grid)

%time grid.fit(Xtrain, ytrain)
print(grid.best_params_)

CPU times: user 47.8 s, sys: 4.08 s, total: 51.8 s
Wall time: 26 s
{'svc__gamma': 0.001, 'svc__C': 10}

IS EREEAE TSR R R, ARV ENTE(E TG E, WA REst T2y M
IR, PR E AT U R,
A 7RSI, B AT LIS IR S R B AT 1 1

In[23]: model = grid.best_estimator_
yfit = model.predict(Xtest)

He— LM S A 2t T x ke (AniEl 5-65 For) -

In[24]: fig, ax = plt.subplots(4, 6)
for 1, axi in enumerate(ax.flat):
axi.imshow(Xtest[1].reshape(62, 47), cmap='bone')
axi.set(xticks=[], yticks=[])
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axi.set_ylabel(faces.target_names[yfit[i]].split()[-1],
color="'black' if yfit[i] == ytest[i] else 'red')
fig.suptitle('Predicted Names; Incorrect Labels in Red', size=14);

Predicted Names; Incorrect Labels in Red

Powell

Koizumi
Koizumi

Bush
Schroeder
. Bush A
Bush

Powell

Bush
Bush

(=] ‘ - =
5 g 5 5 2 g
HSH U E k.:,z 4" H L

B 5-65: RELFNIRSE

FERXA/IEA R, AT B LI A o RIS T — ok R (e m— A7 eho A AR B8 Bl )
HATHIR) o BATATUATEN 3 R, ERIIRBAARE ISR, e Al
HPEREA A AT AR

In[25]: from sklearn.metrics import classification_report
print(classification_report(ytest, yfit,
target_names=faces.target_names))

precision recall f1l-score support

Ariel Sharon 0.65 0.73 0.69 15
Colin Powell 0.81 0.87 0.84 68
Donald Rumsfeld 0.75 0.87 0.81 31
George W Bush 0.93 0.83 0.88 126
Gerhard Schroeder 0.86 0.78 0.82 23
Hugo Chavez 0.93 0.70 0.80 20
Junichiro Koizumi 0.80 1.00 0.89 12
Tony Blair 0.83 0.93 0.88 42

avg / total 0.85 0.85 0.85 337

BT DA X Lebr 22 TR AR (Al 5-66 Fow) -

In[26]: from sklearn.metrics import confusion_matrix
mat = confusion_matrix(ytest, yfit)
sns.heatmap(mat.T, square=True, annot=True, fmt='d', cbar=False,
xticklabels=faces.target_names,
yticklabels=faces.target_names)
plt.xlabel('true label')
plt.ylabel('predicted label');
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B 5-66: ARHUEEEREM

TR PR T AR B A1 T b bt TR L b 25 5 5 e o e e B

LIRS A NI B D B8R 3 AN S DB ix 28 5 (BN ERAAE), PN
I 50 LA — 22 SR IR IRFR B RS EIARG, ARR T E
SR BT RAINRHE, X2 FSA — AR R 75 %, #lA& il OpenCV (http://
opencv.org) FL&HMT-Br, AR SELERT I SR B AV RAE SR B T H:, R 3RHL
NFAEE A o

574 ZHFRIEVNELE

BT A2 RN E T LR AL IEATE N, SRR &R — MR R 258, F8F

g,

o FRAVRFNAY SRR B ELES L, UL eI ERR TR F R SR, RN,

o — HABARNIZRTE R, TG By BE bk,

o AN H A2 BT AR RN, DRI AT s AR (1 A S R A R A ——A
N ZR ELATAS A B8 3 v P B Ly A T, T 3k s G A B s M DA e

o SEEEOT B A EE T, BEUSIE AR ZR BN AR

{HXE:, SVM FAUh A — Lo i,

o BEEREAR N AR, BZERIZRRIE 24 E4EE 0 (N & mdodi)E, b
HEERE] 0 [N, Bk, KEEARS B RA SRR &,

o YIZRFRAEF R T O N RS E CHEREE T AR, XFEEEL R R AT,
AR, R EMARE K,
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o TRINEERANRE B2 REATHES R . X — i T LAl N2 SR B REA T P0G (LRI 2 L
SVC ) probability Z4HYE ), (HAEIFMT RN TR EBRK,

T SEBR A S I AEAE , Bl W RS E bR, Pt DR ORHE BE /N 7 T5 AN RE 2 75
Kbk, AR EAL, R, ARIRAY TR BT UL S SVM x4t B i il 20
SRS, AP E—E REAR AR AT HIBOR .

5.8 L#l: RERK SR

HISCERARAT A8 T — /MRy oy 28 (PP ULy 2, BERIHIE S L 5.5 19), DAR—A 5
KRETHFIGI o288 GFEmEL, FHEEESI 57 1), THRITE SRR RREE—
ZHREILEBEARIR . FEHLARMAE —FPERRUTT 75, Bl S 2 A LA R O PRAG 2 T B AR
B XRERT IR A ACR B H SR, R & AR o HOLER st
B, HTUFHE S ZEPBE (majority vote) FIRZ ORI T A PR 253 5 SRR 8OR |
JeREREE R BIRUR, B eibae S ARERRR T4 -

In[1]: %matplotlib inline
import numpy as np
import matplotlib.pyplot as plt
import seaborn as sns; sns.set()
Zs 3 &
5.8.1 MEHLARMEVFER : REW

BEALAR AR BT AE PR R BRI ERFESIRE, Bk, BEIER g — T,

PR FARE BT 2O AT 4 R BATARZE . R TR — R 5 R8sk AT LA A7 20
KT, Gildn, anFORERE AR O SRR R AT B B — R, fRek T DR
& 5-67 Frospyn) g,

LU ES N
>1m <1m
[ ]
KA T? A F 5K R 2
yes no yes no
1 |
K B e+ 1
S ————— ——_—— S
B 5-67: ZSORKMR

RSy ST E AT UARE A S AT 2 AE—BREFR A BER R SRR R, g TR SRR AR
ER LR R AT RE IR s BIME R KA AT SR, T AR PRt &/ MEFEVE
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Ak, PSR B AT AT b P R, (RSB SEREOAL & 3 S SR, (A
RO R oy 2 R SRR AT AT  HOTE 0 BIBAR Mg iy s gk T8, pe s 424
A1 R ABARYE — A R AE R B (AR A 4 O 2E . T TR I R RN
1. QI — 1R R KR
BE VE gEE, e A RRE (A& 5-68 FioR) -
In[2]: from sklearn.datasets import make_blobs
X, y = make_blobs(n_samples=300, centers=4,

random_state=0, cluster_std=1.0)
plt.scatter(X[:, 0], X[:, 1], c=y, s=50, cmap='rainbow');
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B 5-68: RIRMDIEBFLUE

FEIXEH AR AL P 3 B e SRR AN T B0 ) — AN RAALE 88 70— AR AR MRS R 2 et
Frorifle BoyEl—k, HOREHT ORI SR 2 BBCRE AR S BRI b, 18] 5-69 R
T PSR X L Y oy FIHY AT RRE SR
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B 5-69: RERMDEILUIELILIE

TR, £ —ka#lzla, B SR E e mfBs A2, FitxA5
TATFREEE . AR AT R RARE FEE, A RR s BT PR EEAE
o —Fioet A R T4
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INFAELE Scikit-Learn H g FH P LA £cHE, ®TLL] DecisionTreeClassifier PEffids .

In[3]: from sklearn.tree import DecisionTreeClassifier
tree = DecisionTreeClassifier().fit(X, y)

Pk 5 —AHiBh ek, o RaRIE R T AT

In[4]: def visualize_classifier(model, X, y, ax=None, cmap='rainbow'):
ax = ax or plt.gca()

# m )2

ax.scatter(X[:, 0], X[:, 1], c=y, s=30, cmap=cmap,
clim=(y.min(), y.max()), zorder=3)

ax.axis('tight')

ax.axis('off")

x1lim = ax.get_xlim()

ylim = ax.get_ylim()

# FHPRMG 5 IUA BdE

model.fit(X, y)

XX, yy = np.meshgrid(np.linspace(*x1lim, num=200),
np.linspace(*ylim, num=200))

Z = model.predict(np.c_[xx.ravel(), yy.ravel()]).reshape(xx.shape)

# SR R R

n_classes = len(np.unique(y))

contours = ax.contourf(xx, yy, Z, alpha=0.3,
levels=np.arange(n_classes + 1) - 0.5,
cmap=cmap, clim=(y.min(), y.max()),
zorder=1)

ax.set(xlim=x1lim, ylim=ylim)

BLAE S rT DM AT SR 3 G5 R T (Al 5-70 FioR)

In[5]: visualize_classifier(DecisionTreeClassifier(), X, y)
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an & R IE {E 38 1T Notebook, HB 2 w UL M {£ £ Bt 5% (https://github.com/jakevdp/
PythonDataScienceHandbook) ELHJHBIIAS (helpers_05_08.py) Ak pt g 56wt 61 it it FEHY
R EA AL (A 5-71 FioR) -

In[6]: # helpers_05_08.py Ui T{ELkH ¢
# (https://github.com/jakevdp/PythonDataScienceHandbook)
import helpers_05_08
helpers_05_08.plot_tree_interactive(X, y);

B 571 XERNRRMAUNE-—NEE, TEBATESLELMR (https:/github.com/jakevdp/
PythonDataScienceHandbook )

THER, MHEREREENARN I, BT R BTERARE ar B R X3, Filan,
FETRFED) 5 BRI, 7R3 65 I A RA — P RIEE AR, X B SR
PEAS B 1943 A 1 LA A IE B2 R A5 5R T SE 40 — M Re ik B B AR B 35 T2 1R
THER . WU, XERIERNIRI 5 5 5, Bt il T ila .

2. REMSEIHE

X DA H SR IR PR A — R SR P —— SR RHE R S B P REE, I EESAA JRER
Bl , miBeA BRI AR, 4 MR, AR IZRAT2 5
WHIARIF2E. filan, 1EE 572 mBATIIZR TR RIS, BARHILE 40,

5-72: PIARBBHLRIRMN
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AR, FE—LEDR, PR TR R (Bl 4 AN k) s AR S LB, PR
W5y Je 8 RIEFARAK (BN BRI o A —BAEEHS K A AE 5 2 LB
75, BB R S5 R4 Ak, Al REBE R EAFAE R

AR IEAEIZ AT Notebook, R LA S 18 B4 BR 44 28 H 3b I W o S b et BB B WL 14 )11 2 ) 25
B (4nEl 5-73 FroR) -

In[7]: # helpers_05_08.py i T-1E £k %
# (https://github.com/jakevdp/PythonDataScienceHandbook)
import helpers_05_08
helpers_05_08.randomized_tree_1interactive(X, y)

B 5-73: REXNBIARMNAHNE-NEE, TEATIESLELHR

ARG PR 15 B o A R —HE, AT Al REAE 3 2 LS 15 Bk stz 4y 26
R,

5.8.2 FfhssEEE: FEUARM

Wt 2 A 2 A A PR & R BRI LA FR R AR B LS — PR 2 2 i, FROMEESR
ik, PSRME TG S e gt AT A A Eh BAE . (MR LA AR R AR, B
PR g3 B B DA, ik SRIGE AT USRI AT R 2 2858 . BEML O SRR 25 e Bt
& AR

FRATATLL Scikit-Learn Y BaggingClassifier Jriffl o sk e Blix ket 45 de  (4nf& 5-74
R

In[8]: from sklearn.tree import DecisionTreeClassifier
from sklearn.ensemble import BaggingClassifier

tree = DecisionTreeClassifier()
bag = BaggingClassifier(tree, n_estimators=100, max_samples=0.8,

random_state=1)

visualize_classifier(bag, X, y)
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5-74: FEHURIRNBIEREELIRRAR

EXARGI, FATLEEA PR S LA A 80% WIBENLE . H2, AR ATHBENL &
(stochasticity) i BCHE I B2, PRMHLLA BIREHLYE S A 0G X AROTCALE AT A
BARAE BRI BB AU, AHALA BOEE R AR AERENLAY . Fildn, 475 ZErf e b Hp e
AEREAT 5> FIE, BEHLI T RES M B AT A JLASFRAE kit . % TREVLR IS EREIISE ZH AR
W75, 1527 Scikit-Learn 3CEY (http://scikit-learn.org/stable/modules/ensemble. html#forest) ,
1F Scikit-Learn B %t AL P 5 A 88 Bl BB v AU DL {b A2 18 i RandomForestClassifier PFfi &3 52
B, e HHTHE LR, R EEEE IR, BTk T AR P #h 58 B
(IR FZAT LI THE) BRRIIA TS (Al 5-75 FioR) -

In[9]: from sklearn.ensemble import RandomForestClassifier

model = RandomForestClassifier(n_estimators=100, random_state=0)
visualize_classifier(model, X, y);
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MERRTELE W, AR 100 BREEHLOC RS, ok rT AR B — AR R BATE R %
ARz [ LA oy B R AR

5.8.3 [EMLFRMET
BT 28 T BEALARAR 2 2RI . HSeBEHLARAR b nT DUHE RN (BRI SAE B, iAo
B ) . BEVLARAA B I TE L 2% /& RandomForestRegressor, HiEk 51 Zai &MY
e SR
T RS E o PR R B A . (ZnlE 5-76 BoR) -

In[10]: rng = np.random.RandomState(42)

X = 10 * rng.rand(200)

def model(x, sigma=0.3):
fast_oscillation = np.sin(5 * x)
slow_oscillation = np.sin(0.5 * x)
noise = sigma * rng.randn(len(x))

return slow_oscillation + fast_oscillation + noise

y = model(x)
plt.errorbar(x, y, 0.3, fmt="'0');

-3
o 2 4 [ 8 10

5-76: FEHFRMDIDEE
IR AES, ATLASR A I B LA ik (AnE 5-77 Fior) -

In[11]: from sklearn.ensemble import RandomForestRegressor
forest = RandomForestRegressor(200)
forest.fit(x[:, None], y)

xfit = np.linspace(0, 10, 1000)
yfit = forest.predict(xfit[:, None])
ytrue = model(xfit, sigma=0)

s> | 373



plt.errorbar(x, y, 0.3, fmt="o', alpha=0.5)
plt.plot(xfit, yfit, '-r');
plt.plot(xfit, ytrue, '-k', alpha=0.5);

B 5-77: BENAFMINS LR

HSEALE i, MR AR BN, IE R aTELEH, TCSBIBEHLAR A
TR T A AL EE % e, A TR A % R |

5.8.4 2fl: FREHAMIRITESHS

/N
HITE A 200 F 5B (EEIES I 52 1) B REFXSEEE, BERILAR
P50 24 8% A {a] i pa 4[] «

In[12]: from sklearn.datasets import load_digits
digits = load_digits()
digits.keys()

Out[12]: dict_keys(['target', 'data', 'target_names', 'DESCR', 'images'])

BRI ST EIR, BES RS (A 5-78 For) -

In[13]:

# VOB BB

fig = plt.figure(figsize=(6, 6)) # LJdu~] (s

fig.subplots_adjust(left=0, right=1, bottom=0, top=1, hspace=0.05, wspace=0.05)

# EHCT: B RTRs R x 8fhE

for 1 in range(64):
ax = fig.add_subplot(8, 8, 1 + 1, xticks=[], yticks=[])
ax.imshow(digits.images[i1], cmap=plt.cm.binary, interpolation='nearest')

# Jftarget{f 2 BIRVEAREE
ax.text(0, 7, str(digits.target[i]))
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5-78. FEHFBERZ
FABEHLARAR B S it 702 (4nlE 5-79 FioR) -

In[14]:

from sklearn.cross_validation import train_test_split

Xtrain, Xtest, ytrain, ytest = train_test_split(digits.data, digits.target,

random_state=0)

model = RandomForestClassifier(n_estimators=1000)
model.fit(Xtrain, ytrain)
ypred = model.predict(Xtest)

RS ESTE S SR

In[15]: from sklearn import metrics
print(metrics.classification_report(ypred, ytest))

VCoOo~NOTULDd WNRELO

avg / total

precision

1.
.00
.95
.98
.97
.98
.00
.00
.94
.96

OO Rr PR OO O

00

.98

recall f1l-score
.99

0.

97

0.98

OO Rr Or O

.00
.96
.00
.96
.00
.96
.98
.98

.98

(o]

[cRcNcN oo NoNoNO]

.99
.98
.97
.99
.97
.00
.98
.96
.97

.98

support
38
44
42
46
37
49
52
50
46
46

450

DS )
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VAP IESS R, m RN (AnlE 5-79 FoR) -

In[16]: from sklearn.metrics import confusion_matrix
mat = confusion_matrix(ytest, ypred)
sns.heatmap(mat.T, square=True, annot=True, fmt='d', cbar=False)
plt.xlabel('true label')
plt.ylabel('predicted label');

4

predicted label
5

true label

B 5-79: ARENAHIRBIFEHFOIEEREM

BRI, A8, ATBOIBEHLA T S BT 02, BEAT LU 4R
Sy U,

5.8.5 BEHIHRMEL

XTI BN T ERIT RTINS, RIFE SN E T RENLAR AR A

R, BEVLARME — R RIUMLER 2 2 05k, BIIMAETLATILA.

o EAPRE R R ERAR B2, FrLL RN ZR R0l EEARAR T B, BAN, S5 AT LI E
FATHR, FOABRRER S SE 2 MY

o ZHEBRTUAGEATHERR 2025 ARG &% Z M0 2 5 S A DA R 5 1A (fE
Scikit-Learn [} predict_proba() 51%).

o 2B ARRIE, EHMEEM A RILA TS R RIRL,

B HLAR AR T Rl p AE T HEE A KA D Re, i, AnRURAREL G4, 5 AR (1

X, BEMLARM AT REAS & A Bk £,

59 T#: ERHSOW

FERTHI N A B, FATERAR AT 28 7 A B PP Al 8% . X SEDE Al 85 %P AR 22 O B BEA T I 2K,

—FhBEHLoR

)
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M TR SR IR o SRR LA T B PRI &%, X LEPRAG 25 7T LA TERR R B
rhaz i AR (S B

XTI 28 E W5y 53 (principal component analysis, PCA), ‘BRI Rg& R &) 1T
WBHEILZ —. BRI PCA & —FpaEF AR BR4E R, (HeRe N EE A LH,
THE A TG AT, et ig . FRAETMEBUCRIRRE LRSS, Tl Je i B/ 28 PCA
B S, PRl LA Rl R PCA S BI H, SEe TAT I RFL
In[1]: %matplotlib inline
import numpy as np

import matplotlib.pyplot as plt
import seaborn as sns; sns.set()

5.9.1 ERFITHEN

F G BT — A PRl RGP EAE A W E 53, 5.2 T EEMZREELmP 4,
R AT — NS 200 A BdE AU 4R SE , MR IZ R R E (40l 5-80
FiR) -
In[2]: rng = np.random.RandomState(1)
X = np.dot(rng.rand(2, 2), rng.randn(2, 200)).T

plt.scatter(X[:, 0], X[:, 11)
plt.axis('equal');

.k.
05 .‘.'.. -

225--. .: ..

B 5-80. PCA &8RRI

MEHRRTLAEH, x 2Ry 28 B ARRARM R, XERNAEE 5.6 T AR89
B AEE, (HR X BRI R A AR 5 R E b b A AR YE x (T v (6 A BB A ],
WA A R x [EF0 y [HZ IR .

EF o, —FhE 7R &R 58 R0 B R 5R P 3 B — 5, JEH x4
SRR EAESE . FIM Scikit-Learn 4 PCA PEAL 5%, RTUAMEAT AN S 1L
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In[3]: from sklearn.decomposition import PCA
pca = PCA(n_components=2)
pca.fit(X)

Out[3]: PCA(copy=True, n_components=2, whiten=False)
ZAL A MR R 1 ) T —sedhs, PR s A CWREEER
In[4]: print(pca.components_)

[ .94446029 0.32862557]

[0

[ 0.32862557 -0.94446029]]

In[5]: print(pca.explained_variance_)
[ 0.75871884 0.01838551]

T ERX RIS L, R E B SRR R mE ok, T E LA
SR, R CATEREESRT AR K E (A0lE 5-81 FR)

In[6]: def draw_vector(v@, v1, ax=None):
ax = ax or plt.gca()
arrowprops=dict(arrowstyle='->",
linewidth=2,
shrinkA=0, shrinkB=0)
ax.annotate('', v1, vO, arrowprops=arrowprops)

#  HHEE

plt.scatter(X[:, 0], X[:, 1], alpha=0.2)

for length, vector in zip(pca.explained_variance_, pca.components_):
v = vector * 3 * np.sqrt(length)
draw_vector(pca.mean_, pca.mean_ + V)

plt.axis('equal');

20

-3 -2 -1 o 1 2 3

B 5-81: HIBPTHEIITNML
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R AR B M, 18] 5-81 AUETA KRR AL & AR CE SRR ®
el e, R T EIRBGE R R LT ZERR/ N AR AR R B s
WEH “ERT

AR IR AR X L T o A ok, REAFEI AN A 5-82 FURAIZE R o

nput principal components

component 2

-‘_\
el
2

0
component 1

5-82: HBEHNTIR

% PN A AL AR AT B AN g — A ARt ISR, (AR A (translation)
e (rotation) FI¥JA)4ekL (uniform scaling) =AN250%,

BRI T T R AL RR G MBI, (HE By o BT AE IS AIBL 2% 27
SREAR R R A ETRE ) HZ A

1. FIPCAp&4E
H PCA P2 BB RBR— B A /DR, i B — A SEARAE B2 HLOR B S R AR
71 B .

—/AFIH] PCA 1R 7R Blan N R .

In[7]: pca = PCA(n_components=1)
pca.fit(X)
X_pca = pca.transform(X)
print("original shape: ", X.shape)
print("transformed shape:", X_pca.shape)

original shape: (200, 2)
transformed shape: (200, 1)

A B W P B — A B MR, O T BR AR PR CR, AR AT B A it AR
e, FEH5EEEE—Eml (Al 5-83 i) -
In[8]: X_new = pca.inverse_transform(X_pca)
plt.scatter(X[:, 0], X[:, 1], alpha=0.2)
plt.scatter(X_new[:, 0], X_new[:, 1], alpha=0.8)
plt.axis('equal');
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B 5-83: PCA [4090T#4L

RO EIREEE, RO SEBCIIRA . FATTLMRE B FF] PCA FRAERIE XL .
A RAEZEN MG RMHEIRER T, BT TEA R 2ZENEIER s . SRR
WB—/NEBsy 5 2208 (55 boy A sk bL ], 4nPe 5-83 Pow) AEATT LA B Bt 16 M
Fefaikmy “ERT &,

X RN O Bt SR AE SRR b AR IR b e BRI R . BARA 50% OB
R, AREARATE RS R TR BERBIRE T Tk,

2. AIPCAESBF L : FEHF

WA F 2 AR5 OO WA 2 BEE rTREAS R AR AR, R M5 dn 4 BE IR s, iy
ERA R T . A TIEMX— A, RAB—AF PCA HTF 55 8RR (B
HEHN587),

LS AL

In[9]: from sklearn.datasets import load_digits
digits = load_digits()
digits.data.shape

Out[9]:
(1797, 64)

AIET 28, ZEHR RS 8 BF x 8 RFAVEIGR, ikl e o4 iy, A I iRiFix Lk
Bl R SR R EWEZ , (EH PCA FiX oS B — S T R ERIAE RS, bbaniie — 4k .
In[10]: pca = PCA(2) # MeAfifiis & 4k
projected = pca.fit_transform(digits.data)

print(digits.data.shape)
print(projected.shape)

(1797, 64)
(1797, 2)
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] A R RT AS Esy, EAFHL TR B (AnlE] 5-84 PR

In[11]: plt.scatter(projected[:, 0], projected[:, 1],
c=digits.target, edgecolor="none', alpha=0.5,
cmap=plt.cm.get_cmap('spectral', 10))

plt.xlabel('component 1')
plt.ylabel('component 2')
plt.colorbar();
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B 5-84: 1§ PCA BT FEHFHIE

BACEN BB IS L BB E— 64 R R, W HaX 28 b2 515
IR E BRI 2T MBI RG . FRAT HRE] T AL 64 423 8] h e U A IE (AN e )7 %, (675
AT LAE B X e i fE A . A TAEER R DA & i ATy, BIER 2
EA TN
3. BTHIR X
BATATCAE— PP Il BRI 4E G T 2 & X ATAMIE [m] S 2H & A SR B i A
[FRE. fl4n, IZREEH A MR R B —2H 64 RBIERVE A E LY, B H A M & x
X = [Xg, X5, X5 77" Xey)
AT ARG SR AME R LR, st U, A THoE—Im MR, Fm &R 53R
AR (RALFIm ) AT, SR)5ROX Lo ss RO X sl & 4 -
image(x)=x,- (pixel 1)+ x,- (pixel 2)+ x;- (pixel 3):*-xg, (pixel 64)
AT AT UL BT 1 B A PR AR A M BR 26 K8 0 e 2%, (LR B DR ITHEAYHE A & (basis
vector), fAilZn, AnRALME AT 8 MR F, ASHEIIEIEN 8 4fi (AnfEl 5-85 FioR ).
(R EIFARE IR (R, AR ER T ILF 90% FIE 15 B
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B 5-85: — MBI EFREFERIAMIEL

TR ) b — A7 R BRI S5 B, IR — ATk SR S E R Fn,  FNE e 2 A X e
@@cm%aﬁﬁSA@%m 7, SRICREAHEX AN 64 R BRI —/hitr . HA M
FeolFnA BRI 64 835, A REME LG

(HRBRIR R RN I AR RIS ) A ME— 52, FRAT I T DA A pR A, ax sk
PR B & T LB MR R TRk, 4 R TR

image(x) = mean + x, - (basis 1) +x, (basis 2) + x;- (basis 3)-*
PCA FTUAE N A e B e oA e AR A, Ak 260 o 5 v iy J LA ke e s 2 DA A
BRI KRRy T, MR ARIEAR I E s, Hsiwhe 575 — ek
M Z 5. & 5-86 A& HIXIME N L AT 8 4 PCA H R 3 EA SRR .

AN HREEE

p +=11.22-6+-16.92-c;+ 10.07-c5 + -0.75-¢ 5.67-c5 + —8.10-q

| NNl

B 5-86: BYERRAEENIEMOTIMRLNISNTE (58 5-85 18H)

5B EHEAR, PCA FETLGEE A — A ME N b 8 A pisr, Rl A BB & B3 1%
flE, A~ BAY H R SR BB A6 2R B R (il rh e Y J5 . 3 ikag PCA SR BB Y
RAEZoRHI R BRI L RAR R R 2k 1) o S REAT AR A B A R

4. EFER ST E
FESEPR 8 M PCA At A, IESAAE T TR B B oy B AR H BRI, &
TR D Bt A ERBMEBER L TR BRI %, T e BT i s g (AnfEl
5-87 Fii7R) -
In[12]: pca = PCA().fit(digits.data)
plt.plot(np.cumsum(pca.explained_variance_ratio_))

plt.xlabel('number of components')
plt.ylabel('cumulative explained variance');

XA SR TAERT N AT & T 2080 64 4T 2. Filan, RTLAEFHET 10 4
B & TILF 75% W5 72, I, AnRIRdd BHAR T 100% 19752, IB4mkes %k
50 N HAT
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5-87: RItHERME, ®K PCA RBUUBEABHINEAE

AT, RIS AR 2158 CEAR T 2 Rmiy) . TRATEE KL 20 M5
53 RPREE 90% W5 760 N—A> T i A 1B 56k G i ok [ mT LS B R B AR 22 OWLEE 0%
A7k

5.9.2 FPCAEIRFTLIE

PCA 7] LA FH VR S 5 3t D8 5 i—— AL ([ By O 5 228 Kk TR 3 iy 5 22, FiLAAR
EL Ty, Bosr BAZA A2 N, Bk, AR OROUH R Gy ik R A% 5E, B
2 G A R B 5 B L E T3,

MFBHFBAREF A eI E o 8, o e m LA TEM i A B (Anlsl 5-88
PR -

In[13]: def plot_digits(data):
fig, axes = plt.subplots(4, 10, figsize=(10, 4),
subplot_kw={"'xticks':[], 'yticks':[]},
gridspec_kw=dict(hspace=0.1, wspace=0.1))
for 1, ax in enumerate(axes.flat):
ax.imshow(data[i].reshape(8, 8),
cmap='binary', interpolation='nearest',
clim=(0, 16))
plot_digits(digits.data)

BUETRIN—LEREHLY & Ol — i B 5, FoprmiE (AnlE 5-89 Fow) -

In[14]: np.random.seed(42)
noisy = np.random.normal(digits.data, 4)
plot_digits(noisy)
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B 5-88: RBIRENFEHZ
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B 5-89: NLSHMENESHHF

Wl IRMEE, ATLAMRIEEM A B E G T REn, hESERNGRE. A% EdElZ%
—/~PCA, BREFZIGIRAT 50% W5 2%

In[15]: pca = PCA(0.50).fit(noisy)
pca.n_components_

Out[15]: 12

X B 50% W05 220 R 12 AR . BUER TR X LE R sy, SR EFIH b A8 4 Ayt 8 e
MF S5 (AnkE 5-90 BizR) -
In[16]: components = pca.transform(noisy)

filtered = pca.inverse_transform(components)
plot_digits(filtered)

XAMESRE /W E I IR RE PCA A —FEER A HRHEEE S X, flan, SHAE
R oy 28s, IR LAERAE —MREFOR PRy 28, o Raias)
g A KR TR
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B 5-90: F PCA XIREHFEH

5.9.3 Efl: FHEE

ZRTFA T 285 — />4 PCA $ s 85 AR A FREE B 25, S Rr ] SO RS TR0 # 7 f3i]
(PRI Z W 5.7 1), BUER B Z RTAY N2, FRERZ L, AE—T Scikit-Learn
rh Wild o B bR 25 G At -
In[17]: from sklearn.datasets import fetch_lfw_people
faces = fetch_lfw_people(min_faces_per_person=60)

print(faces.target_names)
print(faces.images.shape)

4

['Ariel Sharon' 'Colin Powell' 'Donald Rumsfeld' 'George W Bush'
'Gerhard Schroeder' 'Hugo Chavez' 'Junichiro Koizumi' 'Tony Blair']
(1348, 62, 47)

BATRE T, B ZEEE. FAXE - NHEW R E, Aol &R H
RandomizedPCA, ‘BALE T —ANHEHL G Bk TR N A 550, ELARIERT PCA PRl &% 8 B 5
P, FFHABINE T deddn (X AR ERHE 3000), RERRT 150 4B

In[18]: from sklearn.decomposition import RandomizedPCA

pca = RandomizedPCA(150)
pca.fit(faces.data)

Out[18]: RandomizedPCA(copy=True, iterated_power=3, n_components=150,
random_state=None, whiten=False)

FEXA G- Hp A A R LA TR R TR & R A GREER ) BEFRIE “RRAE

&7, X SeER R ARLE R IE “RHERS”) . IEANURIERE 5-91 BEI, X SERRER:

EAnHA—HET A

In[19]: fig, axes = plt.subplots(3, 8, figsize=(9, 4),
subplot_kw={"xticks':[], 'yticks':[]},
gridspec_kw=dict(hspace=0.1, wspace=0.1))
for 1, ax in enumerate(axes.flat):
ax.imshow(pca.components_[1i].reshape(62, 47), cmap='bone')
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B 5-91: M LFW HiBE DS IBERBITIUL

SRARE AR, IRk g — T EG ZRIBARE : #ifEJLREER: N L MAFFER)
Fke R ) R YC R M A OG, W R A FE ) E P Rk TR E BIRRE, i An iR
. & TFY%E, KERXEERO R 2, DRIZEERE T2 080G L (nE
5-92 Fi7R) -

In[20]: plt.plot(np.cumsum(pca.explained_variance_ratio_))

plt.xlabel('number of components')
plt.ylabel('cumulative explained variance');

cumulative explained variance
=3 o = = e
L2 £ o o =~

=]
[~

2

1] 20 40 a0 0 100 120 140 160
number of components

B 5-92: LFW HIENRRBERLE

AILAEH], X 150 NEEE T 90% 752, X EIRATHEE, R 150 4~ rT LA E
BARIIER 1 S BHRAE, T LSSV Efemfn, aTLLELEs A BGFIF X 150 4S5y
HERERIG (& 5-93 FiR) -

In[21]: # WHLR s PRS00 AN

pca = RandomizedPCA(150).fit(faces.data)
components = pca.transform(faces.data)
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projected = pca.inverse_transform(components)

In[22]: # miHE5R
fig, ax = plt.subplots(2, 10, figsize=(10, 2.5),
subplot_kw={"xticks':[], 'yticks':[]},
gridspec_kw=dict(hspace=0.1, wspace=0.1))
for 1 in range(10):
ax[0, i].imshow(faces.data[i].reshape(62, 47), cmap='binary_r')
ax[1, i].imshow(projected[i].reshape(62, 47), cmap='binary_r')

ax[0, 0].set_ylabel('full-dim\ninput')
ax[1, 0].set_ylabel('150-dim\nreconstruction');

5-93: LFW #iE689 150 4 PCA &4

EEAT BOoREER A B, N AT R ARE) 3000 A S ARRHIE TR HIY 50
ARAEEMATEGR ., XA AT RS RGBT A 4E 5.7 1 Y PCA FHIEEFE At
R B EREOE T I aa 4 B R B4R TR 20 £, (BRBEIRE S S T 2B
BB, R Lodd A IR R A A . X BEHIIRATTAY 5 235 AR 150 4k
FIECHE EIZR, AN T35 2 4E 3000 4ERVACHE FIZR, 4k RIEFEI ok Tk i, ik
PEAE IR SR A BRI RBOR

5.9.4 WO oMTEL

X —HTHE T HE R oMb i eds, md4eddmny I di e, e ik, Dl 5 g
fEE#E, BT PCA Hi&) iz, wlfiEBetksr, FrUAel LLEZ T REE e Rdh, X
FEEEENEIEE, FTMiETLLPCA 4G, "THULARMER (EanFB5H TR
BIFR R EL T ), BEARSYE h FBE52 (IEAnEHERS RGP B 5 ), BERE A 1Y
A Gl mE R 250 ) . 248Kk, PCA FEAS & — A i 45t A0 A R ALk,
(BRI T & EZE ARG, RIkEE 48R R,

2 BB AR S mSE R PCA B EZS AL, KA, REZRCRELFHY PCA 45
R R IR, X 28 PCA B J5 Bk AR AT, F 385 I 46 B o0 ik 73 AR R A 4048 A1
Scikit-Learn #1 /5 — L5458 1 PCA 254, 434% RandomizedPCA F[1 SparsePCA, X PR /~HLik
1+ sklearn.decomposition ik, A INIA B R RandomizedPCA B (s FH T —/~4E#
GE T, PRI O TR — A R S BRI ET LA E 5y, 1fi SparsePCA SIAT
—ANENTR (ESTES W 5.6 1) RORIEE S HORSTRTE,

FERETORIINE R, FRATIRE S AT 2 21051, It PCA EEAE.
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510 L. RkES

HITET CL 22T 28 3k Al FH 32 550 40 W e ——& Wl LAAE B8 D B SRR AE R [RTI, fR B At A
AR BESE R, BIRPCARE—RIG, P HELWENT D, HexFriEgMEx
AW E BB A KA, AT A 28 LA 7RG,
AT ERANX AP, FRAT IR S A —Fh T —— RS (manifold learning) , I >
R E S, BB — MR R A B — A i 2 B 2 AR R B a2 . 2
REBZ RN, BBRIKEA — kI /A T IR 2R 1 = 5 i) — 4y
R——E R LA B s i . RN 21X A ARIER, ATEMEXRAUE SO
AN [ e 3775 | N
TE= s iml ek . HOE I B0 (R IXRAT, AR SR BRI LT RRE . X SR EFn
ZEPEIR AR, AnRIRE YT Bl s TR kAL, BIRE—A i, ([HERAZT
— A EGE AT RPN T o I S BRI B A SR kAR AR, AR RRAR
Bl A — A =gz ml
X R AT B LR T AR Y, BAE 2 4Ebr 7% (multidimensional scaling, MDS) .
J& 6 2% M ik A 5 (locally linear embedding, LLE) F1f #H Wk 5t 7% (isometric mapping,
Isomap) , B 5EibE FAPRMERIFRE T :

In[1]: %matplotlib inline

import matplotlib.pyplot as plt

import seaborn as sns; sns.set()
import numpy as np

5.10.1 #HEESI: “HELLO”

KT EX SRR &S IE A, SoA b — S YRR R R AN . T I R A G — 2 %
P2, IRk “HELLO” HYTEIR .

In[2]:
def make_hello(N=1000, rseed=42):
# i “HELLO” ARG, HORAFKPNG
fig, ax = plt.subplots(figsize=(4, 1))
fig.subplots_adjust(left=0, right=1, bottom=0, top=1)
ax.axis('off")
ax.text(0.5, 0.4, 'HELLO', va='center', ha='center', weight='bold', size=85)
fig.savefig('hello.png')
plt.close(fig)

# FIIFIXAPNG, FRAf—SLlfL s midk 2

from matplotlib.image import imread

data = imread('hello.png')[::-1, :, 0].T
rng = np.random.RandomState(rseed)

X = rng.rand(4 * N, 2)

i, j = (X * data.shape).astype(int).T
mask = (data[i, j] < 1)

X = X[mask]

X[:, 0] *= (data.shape[0@] / data.shape[1])

A
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X = X[:N]
return X[np.argsort(X[:, 0])]

VA Z s ot B H AR5 (nlE 5-94 FioR) -

In[3]: X = make_hello(1000)
colorize = dict(c=X[:, 0], cmap=plt.cm.get_cmap('rainbow', 5))
plt.scatter(X[:, 0], X[:, 1], **colorize)
plt.axis('equal');

25

20

05

oo

-05

-1 o 1 2 3 4 5

B 5-94: BTRMSFINEIE

WHEGREE TRE “4ern, B4R T HRIE “HELLO™ MR, X AER R AT LSS
BT AR 5 SR B R i FH I A

5.10.2 Z4H#FrEZx (MDS)

i ML IX A, AT AR BB 4 rh e v e (BRI y B A A8 e Bl ) i B A -
BREHOR, /et , “HELLO™ {PARSIRWIE.. Bildn, 4nsf i —Algie Mk ok lie
R, x Ay RIS SR, (REERRIEARE 2 —HR (A 5-95 PoR) -

In[4]: def rotate(X, angle):
theta = np.deg2rad(angle)
R = [[np.cos(theta), np.sin(theta)],
[-np.sin(theta), np.cos(theta)]]
return np.dot(X, R)

X2 = rotate(X, 20) + 5
plt.scatter(X2[:, 0], X2[:, 1], **colorize)
plt.axis('equal');
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B 5-95: feFEHiEsS

UL x 1y WIE A R B R 56 R A B RHERAE X ANl v B IE B9 i AIE 2 A
HEBAREPHMAMEER., RonxfxamwmHT SRR () HE: T NA
Ho BN < NIHERE, 0 G, ) 2 i sl j ZRIREE R, FATH Scikit-Learn H1
HY patrwise_distances pRHCK TR AR I 5C R AR

In[5]: from sklearn.metrics import pairwise_distances

D = pairwise_distances(X)
D.shape

Out[5]: (1000, 1000)
EANHT AR, X N = 1000 />4, $RE&S 7—/> 1000 x 1000 F9%4ERE, B HIZHEM, 4o
& 5-96 7~

In[6]: plt.imshow(D, zorder=2, cmap='Blues', interpolation='nearest')
plt.colorbar();

]
a6

3z

28

24

B 5-96: JMICHIBERAIEIIIERE (pairwise distances)
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AR R 20005 18 A E 20 M T 2 P R 2 e ) B A i — A BE B AERE 5 R B IR Y
iR

In[7]: D2 = pairwise_distances(X2)
np.allclose(D, D2)

Out[7]: True

EABEBERE A T — A BARE N R ZRIER, XM S EBAR SR e e
Ko (HPE @R TR AN B A AR EN, B 5-96 4 T A 12 w5 b A& 2158
F “HELLO” HIFrA L.,

IR (x, y) AEFRUFRLX S BE B AR PR 5, (R ABE SRR A4t o] x ABARIEFA y ARFRIE
AFEF R, XA 2 HEAR S FT DR A1 . T DL — A s HE 1 B 8 PR i B
—A~ D YRR RN BAR . TR G 2 A An S An{e] 8 )5 BE B AR A ——MDS 5
LR (dissimilarity) 2% b precomputed RACFEFE B 4EfE (41 5-97 FioR)
In[8]: from sklearn.manifold import MDS
model = MDS(n_components=2, dissimilarity='precomputed', random_state=1)
out = model.fit_transform(D)

plt.scatter(out[:, 0], out[:, 1], **colorize)
plt.axis('equal');

05

0%':. Uéc%"\

- *6\%‘%%%
‘?;?%M

20 -1.5 -10 -0.5 (] 05 10 15 20

B 5-97: MMNEERSITE MDS BRA

URMEFEREAE S AR 2N x N IEEHEM, MDS Sikpt vl DO SE 8 IR H—Fh el £7
£ e LY

5.10.3 ¥BMDSHFREZES

BE AR R B AR AT DA O B B AT T, AR 20X iy ikt E R st . BEAR AT LR
— A P v R R R, IR A AT DA CL R s ECR B B = ks A (R B2 A
T A 285k i = e EfE 400 ) -
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In[9]: def random_projection(X, dimension=3, rseed=42):
assert dimension >= X.shape[1]
rng = np.random.RandomState(rseed)
C = rng.randn(dimension, dimension)
e, V = np.linalg.eigh(np.dot(C, C.T))
return np.dot(X, V[:X.shape[1]])

X3 = random_projection(X, 3)
X3.shape

Out[9]: (1000, 3)

ke mmtiok, HEMIAZCR (N 5-98 FoR) -

In[10]: from mpl_toolkits import mplot3d
ax = plt.axes(projection='3d")
ax.scatter3D(X3[:, 0], X3[:, 1], X3[:, 2],
**colorize)
ax.view_init(azim=70, elev=50)

B 5-98: LHEBRA=HTENLIE

BLAE TLLE I MDS PEAG &R F A XS = 4e 8, THRBE B AERE, SR)E 15 i B AR R Fefit —
Her NG . S5 FOR IR T FAAEARITER (nEl 5-99 FioR) -
In[11]: model = MDS(n_components=2, random_state=1)
out3 = model.fit_transform(X3)

plt.scatter(out3[:, 0], out3[:, 1], **colorize)
plt.axis('equal');

s =z
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B 5-99: F MDS REMME=HHUE, TR T IeEAZMHRMARIETR

A _bsghefes (RS TS 27 2] DR A 85 A BB A B AR 2808 — i A B, S 880
—MMRGEFR, FRRB BRI E R R £ MDS BRBil, (R 8RB B i 5
ZIANIREE

5.10.4 FJEZM#rN: HMDSKMAT

RTS8 TR AR, BB RRless . P RMGHE — A a2 m AR e, B2
LR AR ARLAERY, BB AR RS A, MDS Bkt k. BAERE T4
Fel AR A =z imlvp L “S” TEARAIR B

In[12]: def make_hello_s_curve(X):
t = (X[:, 0] - 2) * 0.75 * np.pti
x = np.sin(t)
y = X[:, 1]
z = np.sign(t) * (np.cos(t) - 1)
return np.vstack((x, y, z)).T

XS = make_hello_s_curve(X)

BRI =GR, (BRI MRAEME 2 (A& 5-100 FiR)

In[13]: from mpl_toolkits import mplot3d
ax = plt.axes(projection='3d")
ax.scatter3D(XS[:, 0], XS[:, 11, XS[:, 2],
**colorize);
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B 5-100: HIBIELMIMRA=HT(B)P

EIREAE S A AR I R RAFEAE, (X R BAR A B R AT 728 e . o s
}ﬁT “S” %o
AR 2K — 18 B MDS LR AL BLX A B, kT SR R B A L M ik A B RRAE
B FEIRNTER TIEMRAGRI I NEE AR5 (A&l 5-101 FioR) -
In[14]: from sklearn.manifold import MDS
model = MDS(n_components=2, random_state=2)
outS = model.fit_transform(XS)

plt.scatter(outS[:, 0], outS[:, 1], **colorize)
plt.axis('equal');

3

N

(
.
. \\,}

-3
—4 -3 -2 -1 o 1 2 3 4

B 5-101: 1§ MDS H)AAI AT I & AR TR REPISIEH

BIE R fie LR — kSt At AN REB R S ih SRV, ifi BB R TR AR IR ) y
(EPSH
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5.10.5 FE&MRE: BEPLMEHRAN

AL iZAn Al e dEWE? FE2A 21BN 20, Sk Bl i — T AR K . MDS Bk #y B ik
A, BRI (R B AR AR e A A 2 R EE B, fEan iR & ok Bk, ke RIR i
TR A2 IR B2 Br AMIES R RES 5IR T E AT,

ALK AR B AR G B ] 5-102 BB L.

MDS Linkages LLE Linkages (100 NN)

4 =1
W o
b Lo “
4 23 -1
r -2
- - -
10
08
05
e E 0
ST ng
- - oo os

10 15 00

®5-102; MDS &;:70 LLE B3R ToBEENES

Hohdg— S/ N SR EBR R AT S IR B BE B, /2 B H MDS Bk A T ik AR
B E R 8 BAE5E rp EEB R s A RE B s A5 B IR 4 S B R etk A (LLE)
HE B AR Y, Z A AR AT IR, i (IR B 4B s R e B —— AL 5
B T RY 100 A4BH5 05,

BRELE, sEEEIEA A4 MDS Bk SR T WA FTRE(ERIT BRI RN, PRIUE
BREBKEREEANE, M2 T, ARG E R —LE, I DA G it 5
Fio5 2R 6 dh i BdE e o, BB R AR RFEAA . Xt LLE Bk TIE R,
‘Bl R A SR 2 SR PR R X AN E
LLE B4 JLAERIEN, X B H modified LLE HHSRIB IR AN —4iimi ., @ FERT,
modified LLE AYZICR b FH A 308 I S8 e SUAF IR TE B RO OCR 47, B L P A S
Hidh (4nkE 5-103 fioR)

In[15]:

from sklearn.manifold import LocallyLinearEmbedding

model = LocallyLinearEmbedding(n_neighbors=100, n_components=2, method='modified',
eigen_solver='dense')

out = model.fit_transform(XS)

fig, ax = plt.subplots()
ax.scatter(out[:, 0], out[:, 1], **colorize)
ax.set_ylim(0.15, -0.15);
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B 5-103: FBLMRATUNFLERABIEPIREBELIBHE

PR FLGIRE , AR EAR NI T —E BRI, (B RE TR EARR R
Frtk

5.10.6 XFREAEH—LE
BARXN IR0 %, (B4 B TR S S FESLbr b A A BBk AR5 4%, RIS T 7R X}
E YRR T R A E R AT 22 4, I IR D ERE

DA &I A ) — Lol , JRRX 2E kRS PCA REAEAT THLAL.

o FERIEE T, A RHESORIC BB (B, ML Z T, PCARIETHA 1M TR
PR R E AR T

o (RGBSR T Bt s B LHIURRE BT R T O T R R AR HHELZ T
PCA WL H 230 I i T LR 50 PR IERRIR

o TR ARIES FUM v BT P B A8 s /8, I Had A e e B 755K
R FEEAAIEBNT A E, ML Z T, PCA Bk I AR XA A,

o AERIEESIH, SRR R R EERR AR E . AL Z T, PCA WL Tk )5 22
SR E i HH A2 FEH

o (R, IRAGEERY S SO SR RIGER MifE PCA Rk, Elo AR
RER) 5 3

o (RGBT, WG IERIHRE J B R OIN’] 8 OIN']. 1fii PCA W[ LAEIRERBEHL T i,
R SR (PR 1 2 0L megaman R ( b Y —LE B W SR RE D AR 42 21 S5 8L ) o

SBIRUL LA AR R # S AREL T PCA BERY BT, (HRRIP Y e A — WA
i Bk B R IR B B ARV SR R RIRE . IEPR A AR, Fod RO -
Jelf PCA B BARIVENERALE , #HRIET IE R EAR A ERMERHIE

4T Tsomap F1 LLE, Scikit-Learn 18523 T HoAth LA~ WAGR B 4 21 75« Scikit-Learn 3¢
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BA —BAEE R IR ) B B 3c®  (http://scikit-learn.org/stable/modules/manifold.
html) . TR AZE, HHILTFJLAEIL.

o LLE {f sklearn.manifold.LocallyLinearEmbedding Hr<SzER, ‘B3 T-{&7 BA ], {5 4ni il
IRt S k. JRibgktEi A (LLE) RHAR (FE5& modified LLE) #4721 50CR
E| i N

o Isomap {E sklearn.manifold.Isomap FHSZH], MR LLE 3@ ¥ %352 A A0 4 5 m R Y
RO S, {HA& Tsomap RIEEMESIRF LLE AT IR ARICR:

o - LBFARNE E (t-distributed stochastic neighbor embedding, t-SNE) f£ sklearn.
manifold. TSNE Fp SR, 2 T i SR B O FU AR A, (R 1205 s Ee H At 5 135
o,

AR PRI X BTG TAE G AUB S, A2 TR IR AR IR st rix se 757, bk

frxttt,

5.10.7 rf5l: FlsomapibiE A B #iiE

WIS ) L HE O T IRR S EE NI R W LA e e e il A2 R R B . il
an, —41 1000 (RS0 EIR 45 B A AL 1000 48RS EA, HiREI R E /MR HE5E
JEAR B SCT AR AR BRIA

XAV Tsomap 75 7E AL BE — 28 AN H s ——f 1 Wild Hofls 5 s bR 22 19 IS 24
EAEAREAE 5.9 WELHIE, $ATLA T a4 s TEESE, IR R EIRRD R B %
T, BEEEM:

In[16]: from sklearn.datasets import fetch_lfw_people

faces = fetch_lfw_people(min_faces_per_person=30)
faces.data.shape

Out[16]: (2370, 2914)

FA1A 2370 M@ RS, F—IEEIRAE 2914 MR &, HhiGih, X EeEGR AT LA g —4
2914 423 Al v B s B SR A |

Jefs JUiE B G T e, B R SR EE (A& 5-104 FR) -

In[17]: fig, ax = plt.subplots(4, 8, subplot_kw=dict(xticks=[], yticks=[]))
for 1, axi in enumerate(ax.flat):
axi.imshow(faces.images[i], cmap='gray')

Pl 1Ay 2w X 2914 HEECHR I — MRGRIR A G R, AR TRRENG I EEA &R, ATLAMA
T PCA JF4s, MG MR 5 Z bR, X AN b, o nl ORI 5 22 2 /b 2oty
TEA RefR Bt (4Anf&l 5-105 PFioR)
In[18]: from sklearn.decomposition import RandomizedPCA
model = RandomizedPCA(100).fit(faces.data)
plt.plot(np.cumsum(model.explained_variance_ratio_))

plt.xlabel('n components')
plt.ylabel('cumulative variance');
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5-104: AKiB&
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jary

cumulative variance
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B/ 5-105:. PCAKBRENERHE

BATRIL, XAEHRKRLITTEE 100 o A BERRATE 90% W TG %%, Uk BHIZAE Fr s i 4k 4
W, PGEE LA St B Toik A
HTARE LR g, R dE LM i itk A 572, 4 LLE F Isomap, #trIUAUR B T,
FH I A 5 556X 28 A IS BedE 35— Isomap fix A :
In[19]: from sklearn.manifold import Isomap
model = Isomap(n_components=2)

proj = model.fit_transform(faces.data)
proj.shape

Out[19]: (2370, 2)

i tH R BT BRI — A e B . b T AP BRI B AR E 3L, RE AR
B, AEAS RIS BC 2L B i PR R A i 12

A

398 | H¥Es5E




In[20]: from matplotlib import offsetbox

def plot_components(data, model, images=None, ax=None,
thumb_frac=0.05, cmap='gray'):
ax = ax or plt.gca()

proj = model.fit_transform(data)
ax.plot(proj[:, 0], proj[:, 1], '.k")

if images is not None:
min_dist_2 = (thumb_frac * max(proj.max(0) - proj.min(0))) ** 2
shown_1images = np.array([2 * proj.max(0)])
for 1 in range(data.shape[0]):
dist = np.sum((proj[i] - shown_images) ** 2, 1)
if np.min(dist) < min_dist_2:
# AR RAHBE AR 1
continue
shown_images = np.vstack([shown_images, proj[i]])
imagebox = offsetbox.AnnotationBbox(
offsetbox.0ffsetImage(images[i], cmap=cmap),
proj[i])
ax.add_artist(imagebox)

PARAXA AR, StATLAERILL &R (A 5-106 FioR) -

In[21]: fig, ax = plt.subplots(figsize=(10, 10))
plot_components(faces.data,
model=Isomap(n_components=2),
images=faces.images[:, ::2, ::2])
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_@&4@“ l;.'hu a3

-8000
-8000 -6000 4000 -2000 o 2000 4000 6000 &000 10000

5-106: AK#HUBH) Isomap grA
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ERARE AR, AT Tsomap 4 BE 07 Bt fiioR 1 B R AV B IRARAE: BUR WIS LN E A
R fe, AR T2 R, X —HARFE il tats, S0 7 8dEh 2L
A

FRAMTRT DR X A2 R AR 4750 26, R 5.7 MG ARE, FRIRTERHE R oA 2 2858
LR AR .

5.10.8 =6l: FEHFHAHAHKEN

A3 T Ih—E IR 2 21 247 e 7, AR 2& MNIST F 55w 5dEE, %
BARFIIAE 5.8 T BRI A 720, HEFREGRESIEETE L, B LA Scikit-
Learn . ELM http://mldata.org/ F7:

In[22]: from sklearn.datasets import fetch_mldata
mnist = fetch_mldata('MNIST original')
mnist.data.shape

Out[22]: (70000, 784)
BAET 70 000 1EE G, GEEIGRA 784 42 (Mptlil, BIRE 28155 x 28%F),
S avsbBEe gy AR R, BB LEEGR (lE 5-107 FioR) -

In[23]: fig, ax = plt.subplots(6, 8, subplot_kw=dict(xticks=[], yticks=[]))
for 1, axi in enumerate(ax.flat):
axi.imshow(mnist.data[1250 * i].reshape(28, 28), cmap='gray_r')

@ 5-107. MNIST FEHZ

X REX BRI M T B AN ERER T,

TR TR SRR AR T A S B, AnlEl 5-108 FioR, B BRI B AR, FRAT1X
i R SRR 1730 HEAT42 2], KRIEEAE 2000 N ECFREA Rl (R TRIB S 2 TR ik
beieZs, BIE—IF LT AR BIEEE V& A RIS, XA Al AR SE 8 U3 2 BT AT
FRPRIE AR SR ) -
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In[24]:

# TR SRR AL R E], B A 5 P 2 1/ 30
data = mnist.data[::30]

target = mnist.target[::30]

model = Isomap(n_components=2)

proj = model.fit_transform(data)

plt.scatter(proj[:, 0], proj[:, 1], c=target, cmap=plt.cm.get_cmap('jet', 10))
plt.colorbar(ticks=range(10))

plt.clim(-0.5, 9.5);
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® 5-108: MNIST FEH S ##EH) Isomap #rA

IZHOR B R JROR T BRI — 2550 &, (B SR A —midiisf . BATATDA— A2
B—AEE, RS EHBMEAR (nE 5-109 FiR) -

In[25]: from sklearn.manifold import Isomap

# OB/ AR 1 SR PG
data = mnist.data[mnist.target == 1][::4]

fig, ax = plt.subplots(figsize=(10, 10))

model = Isomap(n_neighbors=5, n_components=2, eigen_solver='dense')

plot_components(data, model, images=data.reshape((-1, 28, 28)),
ax=ax, thumb_frac=0.05, cmap='gray_r')

SEREW], BiEETH T 17 RS 2R AR, XA BAREBC 2 A o A AE— A
LI b, ERREISER T . SRR EIRE LE, RI-LEE CETT
H78aif ™ s 17, BAXERAEERN B EPAEE b, WTIL, R
FTUALEFA 1 R B i S i (RIARIT AR Fr Bl i fa s A S ey B 15 )
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B 5-109: HIBPHZF “1” 69 Isomap FRA

BRI TT 5 AT REX B T 40 AT S5 B AR B, AELS RS T LAY Bl 3 A7 58 4 b B e 4
i, JFHAER B2t B HriR i . Bilan, fEMEy RAEEBR Z AT, 1Zanfaxt
BAR AT HUACEE

511 E&: k-meansB

FERTIELATH, AR TR E WL I g, T A 49 55— Fhoc B L
arip I B, R BB R N AR R 2 2 s LR o 65 R e T
B RAR A,

AR Scikit-Learn B¢ Ah#h 77 A 1V 2 AR, (HEBI 8., &AL HEMIER LR L TR
BRI k-means BB T, 7E sklearn.cluster.KMeans HHSZE . 15030 2 Sein Abrife
PR :
In[1]: %matplotlib inline
import matplotlib.pyplot as plt

import seaborn as sns; sns.set() # Z&[& X t%
import numpy as np
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5.11.1 k-means{& 4

k-means FLiEAEANTARZE Y 2 AR B b SRR E BOR IR . RO R AR TFEG AL
TRAMRIB

o “BERRL.LET (cluster center) A& JE TIZFEMIFTA B S ALARIV R AR EWE.,
o —MEEREAERNZFERO AR, ELEHEAAb R O AR B,

SR k-means BERINDHERN, R 25 LK A 24004 PR % Bk AR D I, Jesiid— A
IR, B R kmeans BIERIMLIILL R,

B, AR THEIRE, ZEREAE 4 TR, TERORTRERL, Bt
ZER AL E AR (AnfE 5-110 BiR)

In[2]: from sklearn.datasets.samples_generator import make_blobs
X, y_true = make_blobs(n_samples=300, centers=4,
cluster_std=0.60, random_state=0)
plt.scatter(X[:, 0], X[:, 1], s=50);

10

-2

5-110. #UEERX

Wt R IRAEE, TR Hb PRI ] 4 A%, 1T k-means B AT UL H Bh5E 0K 4 SRRV IS
TAE, HHAE Scikit-Learn H {5 Fd FH AU PP 2% API:
In[3]: from sklearn.cluster import KMeans
kmeans = KMeans(n_clusters=4)

kmeans.fit(X)
y_kmeans = kmeans.predict(X)

TR OPRZEN AR R B RBRER, RN, wBHBEROE, XESBHER.OEEH
k-means FEfEERFIERY (40 5-111 FioR) -

centers = kmeans.cluster_centers_
plt.scatter(centers[:, 0], centers[:, 1], c='black', s=200, alpha=0.5);
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B 5-111: k-means EPLRNBAEBHREXHDO%E

HURIRAAFH B, k-means ST DL (BAEXA BRG] F-h) B e @ 83—,
SR Tt P IR AR e s R BUFEA 26, (BIRATRES AF oy, X EERA T T2 anfalthe
HRAREDX SRR, BRI T REAFAE AV R 5 BL AL & 77 2 S B B s py g Kt S IR K
K%, AR EMOX AR 75 2 18 R T SRR RN (8], A £ A7 075 T LR S X Fh g5 26 4
H—k-means JiEfEH T —FE SRR, T HEERABHESKUTEIN T 52885,

511.2 k-meansHik: HEHZRKHK
WIE i KAt (expectation-maximization, E-M) J&—FhdEH o8 RAIR D, B TR
IR 235 . k-means A& 12 H ) — A RH A B HL 5 TR R A, T TR i A 28
E-M Bk, ROk, WEERTEES L TSR,
(1) FEM—LefE e,
Q) BEEHEIWSL.

a. HABH R (E-step) : KBl B & H AT O,

b. BRUEE (M-step) : FHEH.O IR BTG AR ESIE
B2 IR (E-step 2% Expectation step) /Wi 58 #1434 miA2 @ THB— RV (E, Sk
P IE (M-step B¢ Maximization step) T %5.5¢ T 5 W .0 LA 8 5 E B K AL R A8 bR
(argmax FR%L) FEA AR, ik ] A R A o BT A B AT AR AR B T 15 3 T 3
FRID S AR BR
KFRANEENERHER £, (B X ERES T LURES A MBI T, 5 - kEE
E-step 1 M-step &R 2377 B S 4F AU R IR .
P AL 5-112 Al ifE,
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Random Initialization Final Clustering

5-112; k-means 9 E-M EE8#1L

WE TR, ARG RET G, S =k RIS, T B RIE R BT
fERAS, PEE1EZ W GitHub £E£5P 5% (https:/github.com/jakevdp/PythonDataScienceHandbook )
RS,

k-means AR E W, HER LRI AL e, LLF & — R 2 1Y) k-means
Bkl (4nl& 5-113 FioR) -

In[5]: from sklearn.metrics import pairwise_distances_argmin

def find_clusters(X, n_clusters, rseed=2):
# 1 BENLERERE O A
rng = np.random.RandomState(rseed)
i = rng.permutation(X.shape[0])[:n_clusters]
centers = X[1]

while True:
# 2a. A FEA O ERE

labels = pairwise_distances_argmin(X, centers)

# 2b AR AR (E AR B HG
new_centers = np.array([X[labels == 1].mean(0)
for 1 in range(n_clusters)])

# 2c HRIAMSY

if np.all(centers == new_centers):
break

centers = new_centers

return centers, labels
centers, labels = find_clusters(X, 4)

plt.scatter(X[:, 0], X[:, 1], c=labels,
s=50, cmap='viridis');
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® 5-113: A k-means #{THIBERE

%ﬁk%%Tmm SR 2RI T B SRR Bk R It — 20 e, 1H bk R SRR T
BRI G EIZ DN,

EAERK U EEREESEH

FEAE RS e R AL TN, 75 S B LA )

TRAREH & A RMER
B, IR E-M RIEW U E B b 2R, H I A RUE T LA 28 e LY
fiEtk i g, Blan, AnRAE LR R A B (E ] — AN BEHLRN - (random seed), AR 3
LEWIRIE ATRE S BRI RE R IR AR (A 5-114 PoR) -

In[6]: centers, labels = find_clusters(X, 4, rseed=0)
plt.scatter(X[ 0] X[ 1], c=labels,

3 y J‘.-
‘ 3... .!.'t > o

®
2 5 ] & .
® . q&
L ] .o
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o
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B 5-114: k-means BEN—TERNINWMER
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BAR BE-M BLRZWEL T, (HEHEAKsEL Rk E., Rk, ZR%kEES
AFEFAAE 2R IR £, 7F Scikit-Learn FR3@ I n_init 24 (BRIMESE 10) EE TR
FTREL

A FE LR F £ AT
k-means W — AR ERINE . RO IFIZEEESE, R e\ EdE+d 8 s+
AP ECE, MRS RREHIRBIE 6 M, R RE R, FREHEEN 6
A (Al 5-115 FoR) -

In[7]: labels = KMeans(6, random_state=0).fit_predict(X)

plt.scatter(X[:, 0], X[:, 1], c=labels,
s=50, cmap='viridis');
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5-115: BRHEREASENER

FERE DA T GE—NRMES H AR B R, A AEE BT, HiX B
SE—F e, ZHEMER R (http://scikit-learn.org/stable/auto_examples/cluster/
plot_krneans_silhouette_analysis.html) o

Ak, PRULATUCAE F—2e 4 2oy TR 0%, A SR A R iy SR R A W Ar i B
BHR (BlanEiR A%, Gaussian mixture models, FEIHFIEZI 5.12 1), BfH L&
AT — A A G ISR (140 DBSCAN., WA EB BT AT(HH%, X seEp L
sklearn.cluster {4tk ),

k-means H & R A T KR E AR
k-means AYIE ARETRIR % (5HAWEA S, 5iE S ERE A CRBET O M) £,
MO S R IHES MR R 2R, 2B SR A EER.
k-means BRAVIH BN, XEbERE LD A RE L, BEERM. AR mm
BRI k-means FEBRRIIFHEARZ, a0 5-116 Bk

In[8]: from sklearn.datasets import make_moons
X, y = make_moons(200, noise=.05, random_state=0)
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In[9]: labels = KMeans(2, random_state=0).fit_predict(X)
plt.scatter(X[:, 0], X[:, 1], c=labels,

10 3¢ “‘
eite s et 3
Py
as '; . o (1]
‘iF 1ir N o é

1 S 1

20 .. L] - } 5 - 2 =
%9 o

s e j@&y“g%@c%fﬁ
_1.0—15 -1.0 0.5 oo o5 10 15 20 25

B 5-116: 3§ k-means AR T IEL D REIKMZES

RAELEAAE 5.7 T/ 8RN, ARl — M e B B B a4k
220, B2 S I BAR (L oy BB T RE . SVF T DA FH [RIRR RO PO IR k-means 5%
Tk AL B RS S )

X P k-means % Scikit-Learn [ SpectralClustering PF{li 2% o B, ‘B FH &L
41 (the graph of nearest neighbors) SRIMEEARIIE LR R, SR)5H k-means 47 it
Fr% (40 5-117 FoR)
In[10]: from sklearn.cluster import SpectralClustering
model = SpectralClustering(n_clusters=2,
affinity='nearest_neighbors',
assign_labels="kmeans')
labels = model.fit_predict(X)
plt.scatter(X[:, 0], X[:, 1], c=labels,
s=50, cmap='viridis');

AILVER], @A 5, # k-means FEREVS R H 2 0] E 22U ES L R T

L BAEZ R K, k-means 2R 1E
H T k-means A% 0% AT 26 0K BUECHE SE P A s, DRI Pl 6 0 = 388, B3
SRS, RATRES MBS USRS AE A AR R XA SR,
g — 2 AU AR S B — A PR BB R O A, XA TA S HEALEE (batch-based)
k-means B LMD B, iZBIETE sklearn.cluster.MiniBatchKMeans F1 s8], Z%E %
4 A ADBRIER KMeans #2 HAHIE], SRR — S R BIR R BB,
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5-117: SpectralClustering EHEITENEL DR

5.11.3 Zfl

TR T BIERIREI &M 205, BEAT AR k-means FUE R AIERI A& b T, T SRIH
R LR,

1. 2601: Bk-meansEEREFEHF

B, Ff k-means kT 5.8 Vi1 5.9 VORI F B AR, XK EEAREA R
BRIIFRZ A B, Bk k-means BEEIRBIH RIS T, XA TR IHR A EREAIRE
B RMEIT, WEBBIRENE L.,

HHRSFAFEE T, FHH KMeans B2k, FEETHEIRELS 1797 MR, BIHEAR
64 NMRHE, HoSoh it 8 x 8 g AR 2

In[11]: from sklearn.datasets import load_digits
digits = load_digits()
digits.data.shape

Out[11]: (1797, 64)

RAE R Z AT —FE

In[12]: kmeans = KMeans(n_clusters=10, random_state=0)
clusters = kmeans.fit_predict(digits.data)
kmeans.cluster_centers_.shape

Out[12]: (10, 64)

R ETE 64 4 H 1042k, FEEEMNE, XEHEROEA Y& o4 415 HEM
M, ATLAR XSS F RIS CBAEREM (typical) MUy, XU A0 8 A
5-118 flio:

HEE3 | 409



In[13]: fig, ax = plt.subplots(2, 5, figsize=(8, 3))
centers = kmeans.cluster_centers_.reshape(10, 8, 8)
for axi, center in zip(ax.flat, centers):
axi.set(xticks=[], yticks=[])
axi.imshow(center, interpolation='nearest', cmap=plt.cm.binary)

35
o1t

FME LB, BMERBRE, KMeans Hikth vl DLHLE /I B IRAVE F oy, HE 1508
LN

M1 T k-means FFAHNE R E SEARRE, I 0~9 Fr%E Al REFF AR MUTHES AT, Ff TRl LIRS
B A FINIHEAR BTN AR A TIC AL, I DRIX A ] -

In[14]: from scipy.stats import mode

5-118: F k-means EiESRINEDNOR

labels = np.zeros_like(clusters)
for 1 in range(10):
mask = (clusters == 1)
labels[mask] = mode(digits.target[mask])[0]

PUAE R T LIS 7 7 B SR 2 SR AR A AR LA I O PR 7

In[15]: from sklearn.metrics import accuracy_score
accuracy_score(digits.target, labels)

Out[15]: 0.79354479688369506

{GE T —AN TR BL k-means Bk, ko LSRR F B 584 80% M 4 HEma=R ] T 1
BEIRGIER (4nF 5-119 FR) -

In[16]: from sklearn.metrics import confusion_matrix
mat = confusion_matrix(digits.target, labels)
sns.heatmap(mat.T, square=True, annot=True, fmt='d', cbar=False,
xticklabels=digits.target_names,
yticklabels=digits.target_names)
plt.xlabel('true label')
plt.ylabel('predicted label');

A
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4

predicted label
5

5-119. k-means 5K R0V R AR

BB L Z A BRI R RO, IRIERITT BT 8 1. (B3R AT LIAR L, d
if k-means AU — AN B 28, B F o KB AEERMSHBRE.

HIGB U BE—F, (- ARk ARE (HERETEZ I 5.10 %) F£HAT k-means 2
R BAR AT HUAC B, -SNE 22 — ARk ATk, Rl R B BE P OB /. T il
K& F Al SEL

In[17]: from sklearn.manifold import TSNE

# PO X R RER LR R
tsne = TSNE(n_components=2, init='pca', random_state=0)
digits_proj = tsne.fit_transform(digits.data)

# TR
kmeans = KMeans(n_clusters=10, random_state=0)
clusters = kmeans.fit_predict(digits_proj)

# HEFIhR
labels = np.zeros_like(clusters)
for 1 in range(10):
mask = (clusters == 1)
labels[mask] = mode(digits.target[mask])[0]

# R E

accuracy_score(digits.target, labels)
Out[17]: 0.93356149137451305

FIFEIESREHRERINEOL T, BRI LLAE] 94% 5y Bk, Xatae & B A g 211
TR, oW A 2 T LN B b IOk DL T IR LR B 15 8

MARES [ 41




2. £f2: Hik-means BT EBXIESR

BRBIEN S — DA AR ER AR LS, SRR —ma s JLE T ME e Eg, [
Hr R 2B E BRI G FRE EASIREEERN, mEEGRROR2G%E
A RS M E B E,

N 5-120 s, 1ZELRIE T Scikit-Learn [ datasets #ibl (FEARGd, {RPreETE2e %t
Python [ pillow &R FHL) -

In[18]: # FELZEPIowERETL
from sklearn.datasets import load_sample_image
china = load_sample_image("china.jpg")
ax = plt.axes(xticks=[], yticks=[])
ax.imshow(china);

B 5-120. mABE
ZEBRAFHAE =484 (height, width, RGB) f1, LA 0~255 (R EFRIRLL /15 /
(5 B

In[19]: china.shape

Out[19]: (427, 640, 3)
Al DB X 20 AR i i = A G S 1) A Y — BB i, B BB S ISR [n_samples  x
n_features], ZRJE4HE A EHLEUA R 0~1:

In[20]: data = china / 255.0 # &4k 0~1[X [A/{H
data = data.reshape(427 * 640, 3)
data.shape

Out[20]: (273280, 3)

W AT DR (o ) ok Se0g SEEAT T AL . b TURSE, x B A ERT 10 000 4~
BENTHE (A0 5-121 FoR) -

A
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In[21]: def plot_pixels(data, title, colors=None, N=10000):
if colors is None:
colors = data

# BHLEEE T2

rng = np.random.RandomState(0)

i = rng.permutation(data.shape[0])[:N]
colors = colors[i]

R, G, B = data[i].T

fig, ax = plt.subplots(1l, 2, figsize=(16, 6))
ax[0].scatter(R, G, color=colors, marker='.")
ax[0].set(xlabel="'Red', ylabel='Green', xlim=(0, 1), ylim=(0, 1))

ax[1].scatter(R, B, color=colors, marker='.")
ax[1].set(xlabel="'Red', ylabel='Blue', xlim=(0, 1), ylim=(0, 1))

fig.suptitle(title, size=20);

In[22]: plot_pixels(data, title='Input color space: 16 million possible colors')

Input color space: 16 million possible colors

10 10

Creen

5-121. 7 RGB BB ZEPIEHENT

BLAE R FzsiE) (FRAEAERE ) {8 FH k-means J 2, FF 1600 73 i €4 (255 x 255 x 255 =
16 581 375) 45 F 16 Figi e, BoATATTAC B AR — A AEH KAV EE 5L, Bl i i
MiniBatchKMeans Byt B ey B AT UF . X PR B ARAE R k-means B70% o FE S HR
(4nfE 5-122 FoR) -
In[23]: from sklearn.cluster import MiniBatchKMeans
kmeans = MiniBatchKMeans(16)

kmeans.fit(data)
new_colors = kmeans.cluster_centers_[kmeans.predict(data)]

plot_pixels(data, colors=new_colors,
title="Reduced color space: 16 colors")
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Reduced color space: 16 colors

10 10

00 0z 04 08 aB 10
Red

® 5-122: 7£ RGB BT8P 16 T3

FAH RN SR FIEGERENE G, NENGEEWE e BB R EF.OSmEaE,
FHmEieaE - G 22m (427 x 640), MiAAREZRNE (273280 x 3) HEFEE, BR
R (ANl 5-123 FioR) -

In[24]:
china_recolored = new_colors.reshape(china.shape)

fig, ax = plt.subplots(1l, 2, figsize=(16, 6),
subplot_kw=dict(xticks=[], yticks=[]))

fig.subplots_adjust(wspace=0.05)

ax[0].imshow(china)

ax[0].set_title('Original Image', size=16)

ax[1].imshow(china_recolored)

ax[1].set_title('16-color Image', size=16);

Ik B 15 164-E Y [ 15

B 5-123: WHHRBEEIACHBEER () F0HE 16 THLHNBEER (B)

BING B EJ TR, (BERIGREAF LS RIER A BIHR ., AR TRIL—a )
HIEEEL] Xt k-means HY—/NAEBRY I, 420E AR £ 47 1Y 48 R R RS, 18
RXARBR B R T E R (40 k-means) fRPLRIT J) &,

414 | Hs5=



5.12 £&i: gHESER

Al — 11T 281 k-means S AR5 1 A0 HL 5 T RRAR, (HLA T2 i i Bt o8 B oz A
KTk, FEBIRESERR B Y, k-means FYFEREEE PN G OURE 255 o0 RO BE B R4
DRI FP R BUEREIR T . X — R A e R A B2, I%BIRY AT LARE R (R k-means
BER—Y R, et IR sm R LI TR, B MR FAT IS
In[1]: %matplotlib inline
import matplotlib.pyplot as plt

import seaborn as sns; sns.set()
import numpy as np

5.12.1 ZHIR&SH#EE (GMM) AH4£HIL: k-means
==k

Tﬁﬂé/ﬂ”#iﬂi k-means FLiEHIA R ZAL, FEBFE Al E R ATRO IS e MR i —
FRERIR, R By Bt A IR, k-means 3t AT LRSI A @ SR EER

Bildn, HEEA & BRI BT, k-means FIL L AT DAPRGE 25X LEFEARARIC, BRICESRANIE
IR G RIRFER A R Bl (Al 5-124 Fom) -

In[2]: # AR
from sklearn.datasets.samples_generator import make_blobs
X, y_true = make_blobs(n_samples=400, centers=4,
cluster_std=0.60, random_state=0)

X = X[z, 1:-1] # ZHBIE A T 5 (f m
In[3]: #FHk-meanshr i Hi%E

from sklearn.cluster import KMeans

kmeans = KMeans(4, random_state=0)

labels = kmeans.fit(X).predict(X)

plt.scatter(X[:, 0], X[:, 1], c=labels, s=40, cmap='viridis');
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5-124; BBHIBH k-means 1%
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It ARG AT LR B, HELE s i R R L VR S AR, (A, TR RIS
TR A —/NRXIEE A, BRI FRA T A #5 BRCR B BRI A A 2 RAE O A
SEMIE, k-means BETYAS By 15 A R B oy BCHE R SO R E MR 5 18 (AR AT DA B
F AT 7575 bootstrap R fl THATENE) o B, Bl 1 HE] — />3 FH IR

B k-means BRI —FIOT R, EAEREA BRI O HCR T— B (5 1 2 o
A EZ ), BBk PR R S R RO B B B, AR R I8
FERIREEINT (hard cutoff), BIVZER/E P2 SN FE T A0 A BRI A Y. PTLRIEA T B
Bk VRIS AP (Al 5-125 ) -

In[4]:
from sklearn.cluster import KMeans
from scipy.spatial.distance import cdist

def plot_kmeans(kmeans, X, n_clusters=4, rseed=0, ax=None):
labels = kmeans.fit_predict(X)

# I SR

ax = ax or plt.gca()

ax.axis('equal')

ax.scatter(X[:, 0], X[:, 1], c=labels, s=40, cmap='viridis', zorder=2)

# [t k-meansiE TR IR
centers = kmeans.cluster_centers_
radil = [cdist(X[labels == 1], [center]).max()
for i1, center in enumerate(centers)]
for ¢, r in zip(centers, radii):
ax.add_patch(plt.Circle(c, r, fc="#CCCCCC', 1w=3, alpha=0.5, zorder=1))

In[5]: kmeans = KMeans(n_clusters=4, random_state=0)
plot_kmeans(kmeans, X)

B 5-125: k-means RERSHRA/B%E
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k-means  —/NEERAE, BERXEHEIEANRZBR: k-means FikANEN T %
KL IMRIE R, Fit, AR EAEREEE AT — 2o, Hro st &2 AREL (A
Bl 5-126 i) -

In[6]: rng = np.random.RandomState(13)
X_stretched = np.dot(X, rng.randn(2, 2))

kmeans = KMeans(n_clusters=4, random_state=0)
plot_kmeans(kmeans, X_stretched)

5-126: k-means EENFREVREURRE

I P IRAES AT LU R Ik LA T R S AR TR T, P ) T2 (0 UL & S8R MR
BZ, k-means XX AR RCRES B, HREMATREARIA £ 4 M EIERYEE, HAT
A ERIBERAE R, MAEER, A TE2 LHEIE. G ARSI PCA (G TH
ZW 5.9 75) ST E S, X ARk R A, (HSEPR b, PCA WANREIRIEIXAE
W42 RV EA & B BAR R RTEAL.

k-means FYIX YA il —— 2 TR B RAEE . B/ 3 5 BCAI SR —— (7 EXF 2 8
s (RPAle 4R SE) I A BOR AR,

PR AT REAEE I % k-means B FEAT—AEALALBEA RAMIX EEA L , A n] DA 3k PR A A
LR O R BB SR RS BCRIATEE, A OO STE R, IRl EH
SRR S B TR B, MR EEERTE R, Sihr b, X IR S —FhHYER
AR —— i TR A B —— I S B AR B 5

5.12.2 —MLE-M: SRS
— A EHHR AT (Gaussian mixture model, GMM) i3 Fl 4% 2 £ 4 = Wit == /) A IR &

i, MR B LR £ R A A, i = d, GMM r]LAH 5 k-means AH7]
R R (20 5-127 FoR) -

MaFES | 417



In[7]: from sklearn.mixture import GMM
gmm = GMM(n_components=4).fit(X)
labels = gmm.predict(X)
plt.scatter(X[:, 0], X[:, 1], c=labels, s=40, cmap='viridis');
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B 5-127. SHTRGREGRNMENT

B+ GMM A — /- Fa & piEsR R, [t e T RER B3 0 B i 38 45 S ——7F Scikit-
Learn W FH predict_proba Jy s, XA 3R Bl —A4~k /A [n_samples, n_clusters]
HYHERE, HERE S TR SR T AR =R .

In[8]: probs = gmm.predict_proba(X)
print(probs[:5].round(3))

475 0.525]

ﬁﬁﬁﬁﬁ
ceooooe
peorne
ceoooe
eroeoo

5
1
1
1
1]
AT LB XA A M r TR, A R MR BLIRII A s P, (B, H
Pl 5-128 wl 4N, fEFD S I s i T 3 40 B AN A k-

In[9]: size = 50 * probs.max(1) ** 2 # FEHRIAER

plt.scatter(X[:, 0], X[:, 1], c=labels, cmap='viridis', s=size);

TR A A RA 5T I k-means BETYRR AL, BATEME N TR SR L5, Bl
T,
(1) R GG UL B RTEAR,
Q) BEHEEBWRSL,

a. IR (E-step) : A8 mARB % N A TR IR AE AR

b. mRKULTE (M-step) : FHBANHEMME, BFHArMEL, HHETERTEEIE SR

HRIETEAR,

A
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B 5-128: GMM HIRIFE: B RBIKIV IR

RAEEREW, BANRENERA S DZI22E (hard-edged sphere) A%, il
Wi R Se B, IEANTE k-means VIR B R T s, XARIEAMIEA S 2 R iR,
RIAE S B o7 FH 7 B2 (8 FH 2 AN BE AL 90 46 e

TG —/ AT GMM S BRTERI RS, 2% 850 gmm 1% H 25 5 i AR T

In[10]:
from matplotlib.patches import Ellipse

def draw_ellipse(position, covariance, ax=None, **kwargs):
" 2 O E R 5 A — A

ax = ax or plt.gca()

# W5 ZE A R
if covariance.shape == (2, 2):
U, s, Vt = np.linalg.svd(covariance)
angle = np.degrees(np.arctan2(U[1, 0], U[0, 0]))
width, height = 2 * np.sqrt(s)
else:
angle = 0
width, height = 2 * np.sqrt(covariance)

# R
for nsig in range(1, 4):
ax.add_patch(Ellipse(position, nsig * width, nsig * height,
angle, **kwargs))

def plot_gmm(gmm, X, label=True, ax=None):
ax = ax or plt.gca()
labels = gmm.fit(X).predict(X)
if label:
ax.scatter(X[:, 0], X[:, 1], c=labels, s=40, cmap='viridis', zorder=2)
else:
ax.scatter(X[:, 0], X[:, 1], s=40, zorder=2)
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ax.axis('equal')

w_factor = 0.2 / gmm.weights_.max()
for pos, covar, w in zip(gmm.means_, gmm.covars_, gmm.weights_):
draw_ellipse(pos, covar, alpha=w * w_factor)

ot FRALTR 2 )5, B4 GMM U4 B A b sds, BEREESGIMH L5HR (nE
5-129 FioR) -

In[11]: gmm = GMM(n_components=4, random_state=42)
plot_gmm(gmm, X)

B 5-129: ERAZEBHED GMM 890 RS
FH, el DU GMM 5 sk AT R 0 BR &, S R H 2t 5 2% (full
covariance), BI{#iATAEH RFRIGRITERISE, 2B AT DAL (4nf& 5-130 FiR) -

In[12]: gmm = GMM(n_components=4, covariance_type='full', random_state=42)
plot_gmm(gmm, X_stretched)

2 - - -2 0 2

B 5-130: GMM M ERAZE95E
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MR RTLLH R A, GMM 26k T Al k-means BILTIF A RBREE

bri 2 30/ a4 OE il

ARAT AN EE R T A ALA S5 R, RS R BB HUA Y covariance_type i1 1Y 1% B A& A A
M, XESEAEE T EBAFRTR B B, Kk EEA SR 2, ek
B & covariance_type="diag", EEEFRIEM 4L R RHER AT DA% B, R0 7Y
T SR AT, A E R, EPRIIEIRLE covariance_type="spherical”, i%fx%!
W ZRBERITEAR, TR 4RSS XA BRI 2R A RN k-means T 2K MUFRAEAZFHALL
1, BARMEHATZLME, BHF -NEERN, HREAEOE RO (FEE N T
HePEHHR) A& covariance_type="full", IZHIR! RPN FRIEAER T In) b PR R s,

A DA =05 i T Rl — AN S 2s , 4niEl 5-131 P

covariance_type="diag" covariance_type="spherical" covariance_type="full"

5-131: GMM 5 EREH ML

5.12.3 BGMMBIEZ Bt

AR GMM @ H AR AR BN, HEeEARR LR —ANBEMEITED, wikdii, M
REIFAEFZE, —1 GMM AR A& — R AAY 2 4 A B oo A i Ak,
HEERAT Y

54 M Scikit-Learn [ make_moons B % BT —2ekide (RIAMEEE R 4nE 5-132 FiR), iX
SLROHRIE 5.11 Vv 281t .

In[13]: from sklearn.datasets import make_moons
Xmoon, ymoon = make_moons(200, noise=.05, random_state=0)
plt.scatter(Xmoon[:, 0], Xmoon[:, 1]);

2R GMM SR A A s, IBAE D — AR g, Bt 20 (du
& 5-133 fiioR) :

In[14]: gmm2 = GMM(n_components=2, covariance_type='full', random_state=0)
plot_gmm(gmm2, Xmoon)
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B 5-133: AHA THIH) GMM S IR IR

(AN SRE I SE 2 B By T BAREEAR S, o T LI B — A~ T M A SR AL A 85 (nlEl

5-134 FiioR) -

In[15]: gmm16 = GMM(n_components=16, covariance_type='full', random_state=0)

plot_gmm(gmm16, Xmoon, label=False)
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5-134: BRD GMM EENREINHER

X HERH 16 A ih &R AT AN TR BRI Fai s, it T % A s
PSR TR, X bt 20 A R BT A BB B ——GMM Al LU 314 BT . S A%
PERANIBENL > A0 B A, 40, T GMM 14 R EHRSRSHY 16 4 ko K1 400
AETEE S (40l 5-135 FoR)

In[16]: Xnew = gmm16.sample(400, random_state=42)
plt.scatter(Xnew[:, 0], Xnew[:, 1]);

10 2 O ;.i.. L
s i
i e
e %
=AY x ::' * ﬁ'
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o Rt
1.0—1 5 1.0 05 0o s 10 15 20 25

5-135: 7 16 A28 GMM EMRBIFTATE
GMM & —FieEH 5 AT 7, "TUChBAR b T R4 BERL o 1
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VER —Fh A RS, GMM $ it T — i e B0 SRl DL B o BBy 5 . | T A e
T Byl o o0 S AR o A, TR wT DARI FZ A A R PP il 08 i AU SR 43t FRFIH
AW B bk A A — S 2 I A FIAR I 5 AT 05 3%, 81 4n FH AR Tt A B =
(Akaike information criterion, AIC, https://en.wikipedia.org/wiki/Akaike_information_
criterion) . DIMH-#i{Z B #EN| (Bayesian information criterion, BIC, https://en.wikipedia.
org/wiki/Bayesian_information_criterion) E4EH A ISR 1E 11, Scikit-Learn #J GMM 1
i DN E TUL LW R NI TR 5, £ GMM J5 i e MR 5 fE,

T AIC 11 BIC 4y BIVE A HEREGREER GMM S B eks (ZnE 5-136 FiR) -

In[17]: n_components = np.arange(1, 21)
models = [GMM(n, covariance_type='full', random_state=0).fit(Xmoon)
for n in n_components]

plt.plot(n_components, [m.bic(Xmoon) for m in models], label='BIC')
plt.plot(n_components, [m.aic(Xmoon) for m in models], label='AIC')
plt.legend(loc="best")

plt.xlabel('n_components');
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TOO
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n_components

5-136: AIC #0 BIC &% GMM R34 E670] 4L

R R HBLLE AIC 8 BIC &/ MERILE, R S5 R T HA V5 A 22 FHWE—
PRI, AIC HIFFRAT, 16 s fTRER %, 8 A ~12 A Esy rlRER EAFHYIESE,
Tix R MFERIAF(E, BIC HE# T —A S LATEAY,

X SRR . O SRR AR GMM 14— B8 PEeE, i e
TEA— A BBRERNIMERE . IR GMM 24 B — 25 B PRAG 25, (/E i BB 4 o
A elE AR RREME
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5.12.4 1ffl: AGMM4E TR EE

AT 28 T —- GMM (R Ba 2 BB R RG], H AR AR S A B /Y 20 A G — A
AHIREASE . X UGRFI XA B, A i i 8 FH A brobe 5 B R A BB T B 4T

B4, H Scikit-Learn f5cHE T H S AT 557545

In[18]: from sklearn.datasets import load_digits
digits = load_digits()
digits.data.shape

Out[18]: (1797, 64)

RJE, BT 100 MR, BRXGEE (E 5-137 FioR) -

In[19]: def plot_digits(data):
fig, ax = plt.subplots(10, 10, figsize=(8, 8),
subplot_kw=dict(xticks=[], yticks=[]))

fig.subplots_adjust(hspace=0.05, wspace=0.05)

for 1, axi in enumerate(ax.flat):
im = axi.imshow(data[i].reshape(8, 8), cmap='binary')
im.set_clim(0, 16)

plot_digits(digits.data)

5-137: HANFEHF

AR K2 1800 /)~ 64 4E I T, FLLEIE—A GMM KBk 1k i F £ A%+, GMM
EXAE— A AR A REA KR SIS, el FH— A A B g, Rl 1fEx
HHMH PCA, il PCA BLIRE B GHEARLARE 99% W5 % .
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In[20]: from sklearn.decomposition import PCA
pca = PCA(0.99, whiten=True)
data = pca.fit_transform(digits.data)
data.shape

Out[20]: (1797, 41)

SELBERN T 41 2, BT A 1/3 4EEE RN, JLPEAE B, AR
fEH AIC, M55 GMM By 8= IR fE T (4nE 5-138 FioR) .

In[21]: n_components = np.arange(50, 210, 10)
models = [GMM(n, covariance_type='full', random_state=0)
for n in n_components]
alcs = [model.fit(data).aic(data) for model in models]
plt.plot(n_components, aics);
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@ 5-138: A AIC LTRSS BHEH GMM gD

FERZ) 110 A By BB, AIC A& /N, PRI 14T HAE X A e Y
4E, JFHBNEESst.
In[22]: gmm = GMM(110, covariance_type='full', random_state=0)

gmm. fit(data)
print(gmm.converged_)

S ES

True

IULERR AT CALE 41 L e 22 v im X 100 /S SR, 15 GMM VB A sl

In[23]: data_new = gmm.sample(100, random_state=0)
data_new.shape

Out[23]: (100, 41)

fJn, AILLETE PCA MGG kA ey (A&l 5-139 o) -
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In[24]: digits_new = pca.inverse_transform(data_new)
plot_digits(digits_new)

@ 5139: GMM IPBSEIBNELN 5 4

MEIFRRTEAEH, Ko B 5 I aa s e BIJe — 2.

i B A R E P YR R T B R RIRGIBAEE, AR IRIZERR o A, A
St o AT A B — BT R B T 1X2E “FEHEFT A IR AR R
TP & A T AR AT — BRI . X A B A R R IR e AT, A A
T DUM-S A e oy 28 85 B — AR A Ry, IR T — 2 RN AR —HE

513 Té: BEEMHIT

Hi— 28 T @R AR (GMM) ——— /N RF% B DRl S AR A i, Rl Zaide
ik, TR SRR — MR D dEEeE AR R D RS A il TR . GMM Bk AN
E AT UL Bk R R o Ai il 1. BB E T (kernel density estimation, KDE)
Bk m iR A S RE T2 MR (logical extreme) , “Eilid X &A™ f A ok i 40 #i
Ay, SRIBATR L TS B TGS . X541 48 KDE ik 5, DL
FrROERTH AT 48 -
In[1]: %matplotlib inline
import matplotlib.pyplot as plt

import seaborn as sns; sns.set()
import numpy as np
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5.13.1 KDEWHI¥: EFE

AEANATT A I R, R PR 88— R S AR S 2 B o A B Tk . PR REAR
BB T G T — BT B, I —A R AR TR 8 . B BRI o B
T, it A4 NI R R ECR, AR e R EDIR 5 S S R TR L.

i, T TG PR A IE 2550 A R B -

In[2]: def make_data(N, f=0.3, rseed=1):
rand = np.random.RandomState(rseed)
x = rand.randn(N)
x[int(f * N):] += 5
return x

x = make_data(1000)

R 22T 280, B T HBARiE BLJ5 BT LU ple.hist() sRBORA ., HEEHIE A 5 &
[ normed 24, kAT LA R —/MESS A B . XA BT E DR AN e
GEltHk, i LR (AnlE 5-140 FR) -

In[3]: hist = plt.hist(x, bins=30, normed=True)
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5-140. AAESHHNASHIE

[EfHEBRR, EXRAERLET, XAl (AR E) AErfihk T y
A EL G, AR BE AR SRR BT B — 8, AREILR A TR E T BRI E T 1, AT
VIt A% A 7 Pl ek 5 i ER 48 SRR X — A

In[4]: density, bins, patches = hist

widths = bins[1:] - bins[:-1]
(density * widths).sum()

Out[4]: 1.0
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i 5 BIE R B3 B PEA a3 M Fe i B g, XA/ NV, B R AR, FeAIs it
fEWANE, Bildn, oS RBESIEF ) 20 45, AR X R1E 2 H I 58 4 AN 8] 0 fid e
B (BEHE), LA FRE (dnE 5-141 BioR) -

In[5]: x = make_data(20)
bins = np.linspace(-5, 10, 10)

In[6]: fig, ax = plt.subplots(1, 2, figsize=(12, 4),
sharex=True, sharey=True,
subplot_kw={"'xlim':(-4, 9),
'ylim':(-0.02, 0.3)})
fig.subplots_adjust(wspace=0.05)
for i1, offset in enumerate([0.0, 0.6]):
ax[1].hist(x, bins=bins + offset, normed=True)
ax[i1].plot(x, np.full_like(x, -0.01), '|k',
markeredgewidth=1)
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B 5-141. ELBHNEA: XENUESHINHEIREIRS

FEID DT EARE I TR T — AW sy A, (HAADRIEZNE R T —A gy 4, JfiiE
=K. AR A E BT RRD, PRATRES A X PN B 5 R R AN R A B .
XHEE 2 BEARTE BT BIRY AT RRALEE RVE? Anfal A RESCHE XA ] Ve 2

WERAVER—2, 5 H T R B —He T e, 188407 Pt AE e 45 B rU FE R X
A, i ER AR R (A0 5-142 FR) -

In[7]: fig, ax = plt.subplots()
bins = np.arange(-3, 8)
ax.plot(x, np.full_like(x, -0.1), '|k',
markeredgewidth=1)
for count, edge in zip(*np.histogram(x, bins)):
for 1 in range(count):
ax.add_patch(plt.Rectangle((edge, i), 1, 1,
alpha=0.5))
ax.set_xlim(-4, 8)
ax.set_ylim(-0.2, 8)

Out[7]: (-0.2, 8)
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0 L (1T e B
—4 -2 1] 2 4 ] 8

B 5-142: HREESNELB

HITIT AP RR X A Z B DA & R 22 5, eI R 7R T 0 e B vl B3l 6 R AN RE IR
e DX TR FRFUE B A SEPR B B, i S e 1 DX TR An el S5 8808k aond 5% o X Tl RSBl AR g B
SEAFEH AT RE R ERTE AL RTEE R B . B, AnRASR A B 5 RIE A, i
TR 5 Ve AR L BB et S R AR S B0 Yo A T, (BT LUK E
(TAE x b B A A Bt s fr B STICR AR R 25 R . THDRIA—IX (208l 5-143 PR) -

In[8]: x_d = np.linspace(-4, 8, 2000)
density = sum((abs(xi - x_d) < 0.5) for xi in x)

plt.fill_between(x_d, density, alpha=0.5)
plt.plot(x, np.full_like(x, -0.1), '|k', markeredgewidth=1)

plt.axis([-4, 8, -0.2, 8]);
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—4 -2 o 2 4 [ 8

B 5-143: 8TRERPLE “BEHE", X2—THBELIHTM
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BORERBRKA HAEL, (HEARMEE 5 EIAEEL, i B W] LE 4 b s e B 5o 1 5
FRIE, Ak, X SSHLRSIIZE SRBEE A LE NI Ba i S8 18k, HAS e B e B v A (] EC e PR o
A TR AT, TR0 rT DU RO AR A ERY P, filanfd H e
WreA%e, i AARERIES oA th Ze RO A s 58 (A0 5-144 FoR) -

In[9]: from scipy.stats import norm

x_d = np.linspace(-4, 8, 1000)
density = sum(norm(xi).pdf(x_d) for xi in x)

plt.fill_between(x_d, density, alpha=0.5)
plt.plot(x, np.full_like(x, -0.1), '|k', markeredgewidth=1)

plt.axis([-4, 8, -0.2, 5]);

L A
—4 -2 1] 2 4 ] 8

B 5-144. BEHARZIMNZBEGIT

AP 1 (G P A s BT o7 3 ) e 0T o AR AR B A T DA S o B S 2R I bl 20 A
MR, JFHAA TG ZE /N (Wt bt, AT FERIHAER, BRrdE /),

B e P PR A A THE— S P AOR B, S — IR IE A “tophat” B, 55 & EIHRY
R . T R R B Al T AT SRR AT 4

5.13.2 BZZFEMITRIEFRMN A

B BEAE T B S S %2 BY (kernel) 28, ‘BRI LAR & B U2 B 40 A TR
M3 (kernel bandwidth) Z¥dx il MBI RN, ESEPR I A, BIRZETH
Tz i, FrBlig Scikit-Learn B KDE SEHL & 55408, 11515 2 WL Scikit-Learn )
R B Al T SR (http:// scikit-learn.org/stable/modules/density.html) ,

AR Python HA F 2 4% %5 Bl TH R S LI IRA (B¢ B ZE SciPy F1 StatsModels G ),

& T3 i1a] T8 H Scikit-Learn FURA, BhBHE @R, ¥ RiG, 1E sklearn.neighbors.
KernelDensity PR g8 FhscBl, B S/ M IIEE -, =T/ 8wt al Lk
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BLEA £/ 4EEH) KDE, T KDE MR &EIEH K, Kt Scikit-Learn PE(f &8 FZEH T —
PR TFRIAVRD:, AT atol (Xt ) Flrtol (AHAPAES) SEORFit R Al 5
WERE. FRATATLAA Scikit-Learn [UARMESS AT T B BE A S B, RiEkES
RN ZE

THEERE AR AA RG], FIH Scikit-Learn [ KernelDensity PPl 2 4 5 HY i i 4 & %
(ZnfE 5-145 FioR) -

In[10]: from sklearn.neighbors import KernelDensity

# WAL AKDERETY
kde = KernelDensity(bandwidth=1.0, kernel='gaussian')
kde.fit(x[:, None])

# score_samplesiik [A]#f 225 15 1) S (i

logprob = kde.score_samples(x_d[:, None])
plt.fill_between(x_d, np.exp(logprob), alpha=0.5)
plt.plot(x, np.full_like(x, -0.01), '|k', markeredgewidth=1)
plt.ylim(-0.02, 0.22)

Out[10]: (-0.02, 0.22)
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@ 5-145; F3 Scikit-Learn I+ &8 BE Gt

XS R THREILACER, fRUEMIZ FRYEBCA 1.

B AW IEFEHR

£ KDE t, A SRR A SO HRE 4 1E A8 FEAG THE T 2, o 2% B il U v 4 il
% - 2P e B T Al R EU T R B s s 2 (B LA ), ifd B A ml i L
sl A2 S RIRARAIAR; 5 5o S B it 2 mwmze (ARHA ), i H A seee
RETE XU BAREER o
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FeFAnfa R G T 13 P i e B dE VR H =M R 5, ATl 2 288 B £ T 1 B (A SE T 2R
dsk A AR YR SciPy Fil StatsModels £, 4 KDE AUS2EL, mEHES Fx Lo 4 M| iYL
AR

R AT 285, L% 2] Aol 2 0 T Ot o A2 i ok 28 AR SE 52 B, Scikit-Learn [F{PA
{E% 11 KernelDensity PEff a3 it, #EiscA8 T B 8 H Scikit-Learn AR e M #% 28 T H.,
iX B GridsearchCv Sk fufb mi th £ 4E 42 103 B A T 9E . B A TR T2 A0 B o £ i 4 A
Feig /iy, Brihfd H & — L 72 XA e, % TR — kil e XA Tt , #B4s fe/ME
ZRAEI K -

In[11]: from sklearn.grid_search import GridSearchCV
from sklearn.cross_validation import LeaveOneOut

bandwidths = 10 ** np.linspace(-1, 1, 100)

grid = GridSearchCV(KernelDensity(kernel='gaussian'),
{'bandwidth': bandwidths},
cv=LeaveOneOut(len(x)))

grid.fit(x[:, None]);

DAL PT AR ENELRAG THE SR TEIT (A Bt BRUGE X DA THE) 798 -

In[12]: grid.best_params_
Out[12]: {'bandwidth': 1.1233240329780276}

XA Fe 0 B -5 R I s 6] S s R A s AR R, AP B AR TR 1.0 (i
scipy.stats.norm FUBRINTEBE) .

5.13.3 Tf5): Tk = ERKDE

KDE w] fE & # H T4 R 58 43 Ao f5il4n, £ Seaborn rl#{L R (FEIEIHEZS W 4.16
), KDE &N & mE S, aTLLH sht—4eFn — 2473 il BRI TR,

PR T 2R — AR 228 KDE 088 5 A T ARG FH . FeAl 125 8 Scikit-Learn Y — 254
PREGYE . FEMERE (bradypus variegatus) FIFR#A/NEEL (microryzomys minutus) X ARG
S5 PN PR L 2R Sh A ) b 3L 45 A WA

WL Scikit-Learn B 12:3% B «
In[13]: from sklearn.datasets import fetch_species_distributions

data = fetch_species_distributions()

# FRECHTFPIDRIOL B AR / 5
latlon = np.vstack([data.train['dd lat'],
data.train['dd long']]).T
species = np.array([d.decode('ascii').startswith('micro')
for d in data.train['species']], dtype='int')

SRS, (£ Basemap T H. (BRI5IEZ 0 4.15 %) 76 5 26 D03 & v i) HY 3 99 A b
AL B (AnfEl 5-146 FiR) -
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In[14]: from mpl_toolkits.basemap import Basemap
from sklearn.datasets.species_distributions import construct_grids

xgrid, ygrid = construct_grids(data)

# JfIBasemapi Hifif j+: £k

m = Basemap(projection='cyl', resolution='c',
1lcrnrlat=ygrid.min(), urcrnrlat=ygrid.max(),
1lernrlon=xgrid.min(), urcrnrlon=xgrid.max())

.drawmapboundary(fill_color="'#DDEEFF')

.fillcontinents(color="#FFEEDD"')

.drawcoastlines(color="gray', zorder=2)

.drawcountries(color="gray', zorder=2)

3 3 3 3

H*

[EERE DA
m.scatter(latlon[:, 1], latlon[:, 0], zorder=3,
c=species, cmap='rainbow', latlon=True);

i'c\
st

5-146. filGHEBEPBEYOMIE

AN e A R AP B on AR LR B, BRI T AP R B 5 50 A G 1A AR 2L
HE, PCHEMERMEIA T, Xih@EE EHSA T 1600 4% i

JHVRZ 2 B il T DA — s 25 5 i3 75 s o oy A (5 6. A e R g e .
THE AR RGO T — A ER T, A — AP L, B rTEARE A haversine JiE R pH 2 IE
[Pz TR o=} ER

BTG A S E 24 (Basemap L EAYGR S 2 —), (H28EBARIIE LN i%E R
E (A& 5-147 FioR) -

In[15]:

# A e A R

X, Y = np.meshgrid(xgrid[::5], ygrid[::5][::-1])
land_reference = data.coverages[6][::5, ::5]
land_mask = (land_reference > -9999).ravel()

xy = np.vstack([Y.ravel(), X.ravel()]).T

A
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xy = np.radians(xy[land_mask])

# QL ATEHHER B

fig, ax = plt.subplots(1, 2)

fig.subplots_adjust(left=0.05, right=0.95, wspace=0.05)
species_names = ['Bradypus Variegatus', 'Microryzomys Minutus']
cmaps = ['Purples', 'Reds']

for 1, axi in enumerate(ax):
axi.set_title(species_names[i])

# JH{Basemapim Hff /2%

m = Basemap(projection='cyl', llcrnrlat=Y.min(),
urcrnrlat=Y.max(), llcrnrlon=X.min(),
urcrnrlon=X.max(), resolution='c', ax=axi)

m.drawmapboundary(fill_color="#DDEEFF")

m.drawcoastlines()

m.drawcountries()

# MR — A ERIEM S AL B 1 T
kde = KernelDensity(bandwidth=0.03, metric='haversine')
kde.fit(np.radians(latlon[species == 1]))

# N RBRIIE: -9999F m e

Z = np.full(land_mask.shape[0], -9999.0)
Z[land_mask] = np.exp(kde.score_samples(xy))
Z = Z.reshape(X.shape)

# W B RS
levels = np.linspace(0, Z.max(), 25)
axi.contourf(X, Y, Z, levels=levels, cmap=cmaps[i])

Bradypus Vari Microryzomys Minutus

B 5-147: YRDHEBERT
SR AE R A BOR EAREL , X b eI AT DASE 5 4 b SR P A P AL 23 50 Al

MEFES |
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5.13.4 R=fl: RNERFZERINAMHT

TR AR Bl KDE 37 A oy 2, TR IRE7R An el £ Scikit-Learn B & P
i 8% o

FE5.5 e, WAV THFE o3 289575, g — 200 17— B AR e
F X SRR T — AP 5y 2885 . EANSE DI oy 2y, 2R BB 5 AR AR AP A T
Mmoo A, an A H KDE X HER R FE TR, ATk rT A2 “AbR” AUy,
(P B A B R iR B — 2. AR DU 50 2, (2 B EANSR.

— oy R A B RIE A T PR,

(1) i b2 5 2R B .

) A EANA—/ KDE KR BRI E AT, XAk vl AT x W y i
ZHFHTBRETHE P (x| ).

Q) B IG5 — 2RISR, MRS 2KMERER P (y).

) FFF AR5 x, B—EKFERHERZE P (x|y) = P(x|y)P(y), M/aHEHE=RE
PAGOE S ool 2 A LN O] e

XAV GG, MR LE Scikit-Learn FEZE T {5 FH A& 48 23H0128 AS ISR S8,
LA TR Scikit-Learn #E225%F FE BRI S2BL, Fofi TR MACHD rh PR BIbTiZ 5

In[16]: from sklearn.base import BaseEstimator, ClassifierMixin

class KDEClassifier(BaseEstimator, ClassifierMixin):

nn "%:‘F‘KDEE{]DI\D_I_%E&Q%

bandwidth : float
AR A L
kernel : str
R AFR, (Fid4iKernelDensity
def __init__(self, bandwidth=1.0, kernel='gaussian'):
self.bandwidth = bandwidth
self.kernel = kernel

def fit(self, X, y):
self.classes_ = np.sort(np.unique(y))
training_sets = [X[y == yi] for yi in self.classes_]
self.models_ = [KernelDensity(bandwidth=self.bandwidth,
kernel=self.kernel).fit(Xi)
for Xi in training_sets]
self.logpriors_ = [np.log(Xi.shape[@] / X.shape[0])
for Xi in training_sets]
return self

def predict_proba(self, X):
logprobs = np.array([model.score_samples(X)
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for model in self.models_]).T
result = np.exp(logprobs + self.logpriors_)
return result / result.sum(1, keepdims=True)

def predict(self, X):
return self.classes_[np.argmax(self.predict_proba(X), 1)]

1. AT B E TG ER
TR BAER R, HA BRI T ERHE

from sklearn.base import BaseEstimator, ClassifierMixin

class KDEClassifier(BaseEstimator, ClassifierMixin):

""" BT KDERY DL A= 15y 2

ZH
bandwidth : float
AR TE

kernel : str

BB 28R, fhikhKernelDensity

1E Scikit-Learn 1, G 1PR G as Al — 2K, XK LR 75§ Hb 4k 7&K BaseEstimator 2%
(K@ 7 & MhrdEDhEE) Hzihl_é‘lﬁﬁ{tméé (mixin, ZEAKKFH:). Bilan, BT
FrifEIhRE 2 S, BaseEstimator WG & & il — PRSI L BB, LA TRXAE. 5
4, ClassifierMixin 7€ 3L T —/~ score() ﬁ(zTLJJ?ﬁﬁExW‘A%O JaTE SR — A3k
TR, BRILA#E IPython FUFE BhBhREMIZRE] (FEREIES I 1.2 7).

BTk FEminttrss.

def __init__(self, bandwidth=1.0, kernel='gaussian'):
self.bandwidth = bandwidth
self.kernel = kernel

XAt KDEClassifier() SEBITLXTRIFHATHIAD, 7E Scikit-Learn H1, B T K258 Fik A
self Z4h, MBUABSEMEIE. XAREE, [K°h BaseEstimator 1% 47522
T2 AR . MRS R AN IhREM PR AL SR E HlFn sk F sk, RIFE, _intt__ mEFAM
SRR W, AN *args B **kwargs, K] A iX S8R AR SR AR AT T TC i
W IE HRERAR.

B TR fie() T B R % -

def fit(self, X, y):

self.classes_ = np.sort(np.unique(y))

training_sets = [X[y == yi] for yi in self.classes_]
self.models_ = [KernelDensity(bandwidth=self.bandwidth,

kernel=self.kernel).fit(X1i)
for Xi in training_sets]
self.logpriors_ = [np.log(Xi.shape[0@] / X.shape[0])
for Xi in training_sets]

return self
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HRAENGERER KB A S OdprERE), A RKiIZE—1 KernelDensity %Y,
SRIE, AR AREA R ECR TR LR B Fit() BMBOR [ self, X AMATLL
BRI @4, il

label = model.fit(X, y).predict(X)

TR, PrAIE SR AR E T RILRy RS (40 self.logpriors_), iX
—HA4E Scikit-Learn HHRAFH, PRAT LABRIE D W — AN IF Al 85 OB A A 4528 (FIH TPython
{9 Tab [ a@h4:), FHAFRWA LR S VIZREARIIL A Fdf .

T, RAVEE] TR T INAIZ 5

def predict_proba(self, X):
logprobs = np.vstack([model.score_samples(X)
for model in self.models_]).T
result = np.exp(logprobs + self.logpriors_)
return result / result.sum(1, keepdims=True)

def predict(self, X):
return self.classes_[np.argmax(self.predict_proba(X), 1)]
Bl XA — /3R o 2 gs, FrLAES6s8Bl predict_proba(), ‘Bilk Il [y A 45/~ 2 HER 5L
H, BB A [n_samples, n_classes], X/ AFRY [1, ] Fontedk BT 3 2K0Y
Ja¥emEE, RS MITHERDISERMS, HiirH—fk,

BoJi, predict() BB LR, Ik MBS F KR,

2. ERBEX TR
ke UM B SOVl 85 R e iy 1 A AR5 B — AR T B R F I KA, §eSAT
BT, SRIEH A LS NV ] GridSearchev STIFAb 2 (FEIETES L 5.3 19),
PN R & A

In[17]: from sklearn.datasets import load_digits
from sklearn.grid_search import GridSearchCV

digits = load_digits()

bandwidths = 10 ** np.linspace(0, 2, 100)
grid = GridSearchCV(KDEClassifier(), {'bandwidth': bandwidths})
grid.fit(digits.data, digits.target)

scores = [val.mean_validation_score for val in grid.grid_scores_]

ok m 2 SRS i 2k, 2 SRR AE A sE el . (Anl&] 5-148 FR) -

In[18]: plt.semilogx(bandwidths, scores)
plt.xlabel('bandwidth')
plt.ylabel('accuracy')
plt.title('KDE Model Performance')
print(grid.best_params_)
print('accuracy =', grid.best_score_)
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{'bandwidth': 7.0548023107186433}
accuracy = 0.966611018364

KDE Model Performance

accuracy
1= e = =4
o -~ o w

=)
o

e
I

03
10° 10’ 10?
bandwidth

B 5-148: ET KDE 8I001Hi/) S I a4

AL, XAARARAN 0 VU752 28 158 AR IR HERRERIK B T 96%, 1 AP35 DU
5 R BRI 80%:
In[19]: from sklearn.naive_bayes import GaussianNB

from sklearn.cross_validation import cross_val_score
cross_val_score(GaussianNB(), digits.data, digits.target).mean()

Out[19]: 0.81860038035501381

XA 5y 2 A HI AT AL B RARZE 55 e . TRATA DR B T A AR FIAEA B — A~ iR AY
GRER, MHREE] T — AT LRS LR EE 50 T 4R R (full model) . AR SEAVIE,
XA R G0 TR B — A ER A AT AU W ER T H 1Tl SVM RIBE LA A A R 75 20
PASEILIX AT RE.

AR R — P BGEX A~ KDE 5 28868, AL LR 4 0.

o VBRI IE A A
o AJHTIME LA TE , thi A T UIZR Bt s — > 2 A U R A (LR A THE DR A 5 (B
{1} KernelDensity (U{E, AN BRI AERA{E) .

Bela, AR ORA AR A CRIPRAG S, 02t nT DU i A 5 7Y AU KDE Sk A — A~
AL DUH-Hr 5 26 25

514 MHAH: AKIRFEE

BIRARTES T TV L HLE 2 A I RLOMES NS, (AR Lol & b I B LS TR b
AMERERY . FLSE S AR S B AR FEI R BRI T, AR AT RERE B DARAE, A RY AT RES
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AR AR ML B T 1Y [n_samples, n_features] FRAIFHHFE, 2R AT IR
FiEZHT, BT WA IR BUERE, B ATRBUEHMEX g A Ry, RAesE
PR AW R B . LR LE,

Plassr ] i AR, R Rk PR AE 55 b R R IR, A E22 4 48 — 28l %
FYRHEE T/ R RG] AR, Bl WA S BEIRRERX 285, R
FAYRFFAESR A GIE 1. WIERAE, A5 B BIRFERER T IR HF IS TR A
R (ERFIHEW 5.4 79),

EART A, AN L — M EAR R B R ——J5 7 # £ B 5 B (Histogram of
Oriented Gradients, HOG, http:/bit.ly/2fCEAcb), ‘& W] LLKF &l 1§ 1§ 2555 # 5 17 BT X,
S5EGABNEER, SEGRAREEZELE, BE (illumination) , A TRARYE X LegF
fIE, (AR AT 280 B HL & 2 ) BIE N B TR — RN IR E, §eiles
AFRUEIRR P12
In[1]: %matplotlib inline
import matplotlib.pyplot as plt

import seaborn as sns; sns.set()
import numpy as np

5.14.1 HOGHHTE

T3 Tl B B L P — A TR PR R R BORE e, LT T ORIRBIA 47 A (pedestrians) 1Y (%

N, HOG HEEEULTHN S,

(1) EgAriEfe (RT3 ), 1B HE X MR 52

(2) 57K A0 B 5 ] 0 55 R BE AR S AN 1 Sl s AL ER MR, e R il . ffnac st
fER.

3) B B L = B i E SR/ NI E SR, R IG TR BB B 5 TR Ak B 5 1

(4) % Eb B/ B e SHRAR B S Ak BT B, FEbRAE (L AbBE ,  3F— 25 i g 18 B e IR T
AL

(5) BRAFHA B4 B D A7 B — SRR ]

Scikit-Image i H A & T —ANHLE A HOG $28LE%, A LU &P gk B el #i b 44 BB Y
FH kLR (4nfE 5-149 FiR) -

In[2]: from skimage import data, color, feature
import skimage.data

image = color.rgb2gray(data.chelsea())
hog_vec, hog_vis = feature.hog(image, visualise=True)

fig, ax = plt.subplots(1, 2, figsize=(12, 6),
subplot_kw=dict(xticks=[], yticks=[]))

ax[0].imshow(image, cmap='gray')

ax[0].set_title('input image')

ax[1].imshow(hog_vis)
ax[1].set_title('visualization of HOG features');
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B 5-149: A HOG HARROBEFETRNL

5.14.2 HOG: K : HEARIDAES

H T BRI HOG ¥4 S5, st v LA Scikit-Learn [T 25 0 1 58 i 57— AN i 20 A G iR 1

i, X EERSME S EREYL (CEEESWS57), BRPEMT.,

() IR —H N E R &g B, #d “IE” (positive) IZRFEAR,

Q) KB — NGB G aehg I, i “f1” (negative) PIZRFEAR,

(3) BN ZAEEA ) HOG L.

(4) FFEARDNZE—A etk SVM A=Y,

(5)h “Hu” BEGER - BHMNE D, BRGSO PR R RSN,

6) IR RIAMCIEIGRES, s eMaam—1 %0,

i —F— 2k,

(1) SREL—ZHE I ZFEA
e — L RE RIS A AL B AE A IEIIZRREAS . FREX L6 B {5 1Y 5 1 1R i s ——
Wild B4 BrHbr 2 m NS B St 2,  Scikit-Learn A LA £ N7

In[3]: from sklearn.datasets import fetch_lfw_people
faces = fetch_1fw_people()
positive_patches = faces.images
positive_patches.shape

Out[3]: (13233, 62, 47)
XAERR AT AR TIZ:/ 13 000 5k BB T,
(2) B —ZH TNZRAEAS

ZIE BRI 4L LR/ NIgang B, AL ENARENGAEA . fRsX A B —Fh 5
A DI BII R IERL AR5 P4 R i M 2 ], X HLAE T Scikit-Image F B 5%
P, FFH Scikit-Image ) PatchExtractor $i B4 & :

In[4]: from skimage import data, transform

imgs_to_use = ['camera', 'text', 'coins', 'moon',
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'page', 'clock', 'immunohistochemistry',
'chelsea', 'coffee', 'hubble_deep_field']
images = [color.rgb2gray(getattr(data, name)())
for name in imgs_to_use]

In[5]:
from sklearn.feature_extraction.image import PatchExtractor

def extract_patches(img, N, scale=1.0,
patch_size=positive_patches[0].shape):
extracted_patch_size =\
tuple((scale * np.array(patch_size)).astype(int))
extractor = PatchExtractor(patch_size=extracted_patch_size,
max_patches=N, random_state=0)
patches = extractor.transform(img[np.newaxis])
if scale != 1:
patches = np.array([transform.resize(patch, patch_size)
for patch in patches])
return patches

negative_patches = np.vstack([extract_patches(im, 1000, scale)

for im in images for scale in [0.5, 1.0, 2.0]])
negative_patches.shape

Out[5]: (30000, 62, 47)

BESEA T 30 000 5k RFA3E . REIRBIMEIG, kB —LrRG, EWEZ—T (WmE
5-150 i) -

In[6]: fig, ax = plt.subplots(6, 10)
for 1, axi in enumerate(ax.flat):
axi.imshow(negative_patches[500 * 1], cmap='gray')
axi.axis('off"')

B 5-150: RBARNABRIIGE
el 17 X S EUR v CALEIR NIV B2 S A NS o T,
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(3) 20 At B R HOG 4¥#AiE
BAEA T IEARATEEAR ., B eldaER, RFHHE HOG FHE, XLPIRFETRE
AL, RA sk B R 34T HOG BRAESR B LR /] A/

In[7]: from itertools import chain
X_train = np.array([feature.hog(im)
for im in chain(positive_patches,
negative_patches)])
y_train = np.zeros(X_train.shape[0])
y_train[:positive_patches.shape[0]] = 1

In[8]: X_train.shape

Out[8]: (43233, 1215)
XHE, FATEEARE T 43 000 S YIZRAEA, A HAA 1215 MEHE, J/EAR T FER
B4, wkeILA%S Scikit-Learn i)I1Z5 T,

4 MZR—A> A AL,

AR AT B i T HR OV — A 4ang B o 2K 88 . AT Rge I —ocm 2k (BARA
B5) A5, MM m &SPl N AL R, X B Scikit-Learn [ Linearsve, [K7
‘B SVC BEE A LB RARA KR .
W, T AR TR 3 DU 45 28— A 0 d i«

In[9]: from sklearn.nailve_bayes import GaussianNB
from sklearn.cross_validation import cross_val_score

cross_val_score(GaussianNB(), X_train, y_train)
Out[9]: array([ 0.9408785 , 0.8752342 , 0.93976823])

FAVRIL, T UIZREE, BOAE TR S A ARS8 DU 57kl vl LASR TR 90% LA L i fy
R, DERHSCHR RN 2, AR S 2R EUR LA S R e 25 C.

In[10]: from sklearn.svm import LinearSVC
from sklearn.grid_search import GridSearchCV
grid = GridSearchCv(LinearSvC(), {'C': [1.0, 2.0, 4.0, 8.0]})
grid.fit(X_train, y_train)
grid.best_score_

Out[10]: 0.98667684407744083
In[11]: grid.best_params_
Out[11]: {'C': 4.0}

PRI PEAl 2% TN Bdn 4 -

In[12]: model = grid.best_estimator_
model.fit(X_train, y_train)
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Out[12]: LinearSVC(C=4.0, class_weight=None, dual=True,
fit_intercept=True, intercept_scaling=1,
loss="squared_hinge', max_1iter=1000,
multi_class="ovr', penalty='12",
random_state=None, tol=0.0001, verbose=0)

(5) fEFTE B rh TN

BRI C R INZRTERK, LEFA &5k BT B AR AT N8R . (E sk 52t i B R i )=
HEGR (EHIESW 5143 1), £ LB —ANBahE DR G ERB LR (mE
5-151 iR -
In[13]: test_image = skimage.data.astronaut()
test_image = skimage.color.rgb2gray(test_image)

test_image = skimage.transform.rescale(test_image, 0.5)
test_image = test_image[:160, 40:180]

plt.imshow(test_image, cmap='gray')
plt.axis('off');

B 5-151. —IERTAKIRBIEE
BRI, G — N AWTEE R P RZ NS 1, ARG T AR RS 2 B Y HOG FHAIE -

In[14]: def sliding_window(img, patch_size=positive_patches[0].shape,
istep=2, jstep=2, scale=1.0):
Ni, Nj = (int(scale * s) for s in patch_size)
for 1 in range(0, img.shape[0@] - Ni, istep):
for j in range(0, img.shape[1] - Ni, jstep):
patch = img[i:1 + Ni, j:j + Nj]
if scale != 1:
patch = transform.resize(patch, patch_size)

yield (i, j), patch

indices, patches = zip(*sliding_window(test_image))
patches_hog = np.array([feature.hog(patch) for patch in patches])
patches_hog.shape

Out[14]: (1911, 1215)
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B, WORIXLE HOG FHIE, FATIZRAF BB ROR T il f5 4~ 1 11 b 7 A

In[15]: labels = model.predict(patches_hog)
labels.sum()

Out[15]: 33.0

1EIT 2000 1@ B G b, BRI T 33 hEH AR E G, FRAETRAEI AR R A 15 8 mi e E % -
(#nl&l 5-152 fiR) -

In[16]: fig, ax = plt.subplots()
ax.imshow(test_image, cmap='gray')
ax.axis('off")

Ni, Nj = positive_patches[0].shape
indices = np.array(indices)

for 1, j in indices[labels == 1]:
ax.add_patch(plt.Rectangle((j, 1), Nj, Ni, edgecolor='red',
alpha=0.3, lw=2,
facecolor="none'))

5-152; @8 ARNEDO

i D E fe ke, JRE] T EG AR &8 JLAT Python RUBD A & E K
WIS

5143 FESEWMSMHAE
ARSI RTTR A B, b2 RIUAERAT— 7 A NGB 2, T
— S TR, AT ARRD T, IS — N (55,

KMoy %%, LHAR AHAKRKIE (negative feature) FFIRZ %
AR AT, AUFE2RUNBNSEHANENZGER D, EHRIIEA R
w5 ERIEH R (false positives) . 1A YR F AT I A 555 Pl SEBE B9 0t 02 8 st vl
REST IS . BV AT RE SR R I H At 5 10 NS
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ARBIANE L MINGEER, POAZATUARE XA T, 5 —Fhticss 77 22 o B
ik, GlnEMERREARISHE (hard negative mining) , {ERMEMFEAISIR T, Aok
e L WL T MR, R BTA 0 K2R B EHR AR IE G, SR 51X S R 3
BNGsEp, BEIZGy 28,

BAATe) 5 d Rk & — /AR
BATREES B R RSI R 62 (83 x 47 BB, BATTUAR AR RS/
T FORMRIGX A [, BRCR BT L4 R 2 BT, #H skimage.transform.resize &
B E G R~ ——H ST F Y sliding_window() B O B4 X FhIhRE,

Bz oaANEnEss asit
— /T AR E A B LR R ok I T A 30 R, R X BT A 1A K
— Ao XA @ R ULt — A Te B IR 257 (MeanShift 22 52 iR DX /> (Rl 8D
Wapid) Rfgoe, sSoE I yLe LR A S, FlandERKEMH (nonmaximum
suppression) S fiEik,

FHETUR ALY
— B T UL R, 5k T LG — /S B ge B8 , R R Bk B GORN TR 2
& H I ThREERE e b, IBFREBCR SEAF . X IEAREL T Python 1EA— /4l
BT RS RS JLThR, sl CASE R AR, R 3T B ik i i
[ITE %5 APL, LR PRI DA HE FEAT . e i X S ICRTEMERS 84217,
ESLERI R FTLARKIR,

BZH G R RH AR, BlHeREF
AFAL, HOG FiHAh BUR FHEIR I AR B AR T . 2 i Ein
VB T R AE A & FhiE BEANZ2 2% (deep neural network), TR P LR L il —Fh
PSS, BA AR IRED, nTUEAE i B DURRAE SR R NE , 1A T SR 5UH
P, BARE RIEEME ML 3N (DA R R) @8 TR ML,
{HRFFIE T H. (408K Y TensorFlow, https://www.tensorflow.org/) EL&1REGEF 2T
BAHBLm AL, EREXABINE, BT Python RS 11BN KB,
B AREHEARE S TRIRE, A TN B EHER & A YLa = 2 TFAl L,

5.15 HB{BFEISEZH

X —FijE Python HL&F 22 TP AT, FEZH A Scikit-Learn A T B, BAARZEMREK,
THRRAE — Lo bW A LR ERS:, HEMRREA AT, ExE, RIS
BIRREE I g 2 ) BRI N HEFE — 2B,

5.15.1 PythonfH2EF
SRR T AR Python WL SIHE £ %8, KRS FALL T,

Scikit-Learn  3& (http:/scikit-learn.org)
Scikit-Learn [ il o AN (A A2 5295 B (1) — e AU 1) S A I (1 SRS FOR B, 1B AR Z AR
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ZAMINE . WRIRE R T iR SOF i FROPLES 7 5k, XA Mo —4E
WA A

SciPy, PyCon #= PyData A2 AL
Scikit-Learn FIHAHL 5 2] 81— H & 1T % Python &SI ERZ MM B Z—, Fehl
PyCon, SciPy fll PyData X%, #RAILAGE L PZE 38 23R 3 o Al 5ot

{Python #LE % 3 A7)
AR5 EE L Andreas C. Mueller 1 Sarah Guido, 5 TA G E LEANAIN2E, AR
SFHLES 7 ] A S Rl i RUBe Lk, AR ST Scikit-Learn T ELAUME 5, XA KL —
AMREFHIRIR, M Scikit-Learn JT & FIPA i £ P21 A 2 185,

{Python L% 5 3 )
Sebastian Raschka {JiX A5 %t Scikit-Learn FJSE7EA %, B £ K AU & Python A A] Y
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