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NumPy[RENI]

EBAVT AT, Bk, BAVEN Bl 2R F 89 3:4F & % F % ENumPyF=
AR IR, SF4 B 4E FINUmPY &) 8 S =60 AR AL, RJE, RATHE ) SE4~431Python
(—Fr R ZXshel T8 ), 4T T Hrik, SCPyFeNumPyA £ Zt 8 4, B stk
¥ % REDSAPYS &%, ERAFHRE, FAVEE TR TH R ELRTR, A
1B ARAE 2 B T3S PR3 R0 2 A 09 R T ik B, TTOAE RIS B

LN NSRS

Q 7EWindows. LinuxFlMacintoshf:/E 2 4t |- % %% Python . SciPy . Matplotlib, |Python#ll
NumPy;

Q 45 A A A NumPy {0t 5

Q T f#IPython;

O Y BSOS FIAH SE BT

1.1 Python

NumPy &5k TPythonfty, [RITE ZE2ENumPy 2 117, FRATTRG 256436 Python, FLE#E R
2R BRI\ LA Python R8s, {EARAT 546 A Python B IR AS J& 75 45 1R 85 522265 i NumPy RS R 25
Pythonfg TR ZFPSEBE, i —LL AL R SEBR &R TR, FEARF T, AR I CPythonSZ it
A TTARIE 5 NumPy 32

1.2 HMFXEK: EFRBIRERSE LRZE Python
NumPy7EWindows, #FhLinux &4 7HLL K Mac OS X [ 354 — ikl ¢34, InRE S, W

@ CPythonJ2 HICIf & SLBLHY Pythonfif ey . —— 11



2 %1% NumPy iz AT

AT L2 F IR R A o R BE0E R G0 222 Python 2.4 Xl B i A RRAS o FRATPRE 4R HIAELL R
HBAE R G2 Pythonfi &AL B

(1) Debianf=Ubuntu DebianFlUbuntur] G L 8 BRIA %2 %¢ 1 Python, {HH & #13 ( development
headers) “—BALERIN LS 7 DebianfllUbunturh 22 pythonFlipython-devir s 2 10 F

sudo apt-get install python
sudo apt-get install python-dev

(2) Windows PythonfJWindows% ¢ F2 ¥ AT LAFEwww.python.org/download %, 7E3X ™3 i
Hr, AT AT LIk EIMac OS X924y, LA Linux, UnixFlMac OS X A% (.

(3) Mac Mac OS XH ik 1 Python, TMiF AT AT LAid ik MacPorts, Fink el 28 bl i 4 45 B T
FUORARECPython, 24k, FT LA AN T iy 4 %445 Python 2.7:

sudo port install python27

LAPACKIFAZ AT, (HUNSRTTEE, NumPy7E et Bl i Z . FRATTHERE R K
LR L APACKLME I A S Bl A, UM BEHIA M &R R
R T et A4

A 17EDebian, Ubuntu, WindowsHIMactfF 2 4t Hh4¢%% T Python,

1.3 Windows
FEWindows [ Z22ENUMPY AR AT ALY . IR R B TR T, BITRELRHE N SIS T

TEMEAE

1.4 #HFLE: 7 Windows E£Z3% NumPy. Matplotlib.
SciPy #H IPython

FEWindows [ ZZHNUmPy &N 75 19, (HSEI8 102, LRt BRIFAE 2, FRATIEAE T 4 i
. R SEMatplotlib, SciPyfilIPython, BRI —HAEXT T A B AIEATTI . TATEHZ
RN A R A ik SR A

(1) M SourceForge™ 3k~ 2 NumPy 1) WindowsZ: 35 FL 17 .

http://sourceforge.net/projects/numpy/files/

@ ZHAA R PYthord T T ISR . SKSCHF LA R distutils T HAF . —— 41k



1.4 #F 5% £ Windows L% % NumPy. Matplotlib, SciPy #= IPython 3

B AE A . LR, F/AT%EE T numpy-1.7.0-win32-superpack-python2.7.exe.
(2 FHESERG, Wdisfr ity

(3 BAE, FATHT LA B — B NumPy iR DL, 0 B RTT7R . BdiNext (R —25)
A IAkE 28

(4) WARARE 22225 T Python, NumPy R ZEFEFFNAZAE A slieaili®] . 4R B 15 Python,
AREEARRE AR A R EARTRIRE, A T —LE e L BT, B2 NumPy IR 18 31 )
iEEZS%



4  F 1% NumPy Bei A7

(5) 1E_L-T&IHh , 22 i Fp I AGHI 2 R Gt Hh 223 Python 2.7, IHEI 17 B i Next F FH AR 2 225 5
I, Rt Cance (BUH ) #8112 4 Python ( NumPy RSEEJBE 25 Python il 4e¢ ), k&L it
NextiZfl, Wix— PRt ARERERE] E—20 1, KIIERIRI R RS 153 i 2R A R A
RGN, B, HAERZAGERITR T, IR B8R — B e

(6) SciPyFiMatplotlibr] L i EnthoughZ2 2%, Hidik: Arwww.enthought.com/products/epd.php.
TE R T, RAT RET Z0— A Sk msvep7.dilji ) H 5 C:\Windows\system32 T, 4] L M
R3304 . www.dll-files.com/dilindex/dlI-files.shtml 2msvep71, Windows | A9 1PythonZ: 2 &
JF AT DL i 1 ) | Pythonfd) B R 2% . hitp://i python.scipy.org/Wiki/l pythonOnWindows,

AT At A4

FATEWIndows [ %23 TNumPy . SciPy. Matplotlibl) & IPython,

1.5 Linux

FELinux 225 NumPy FIAH SC AR A 75 R B T AR R Linux & A 7L FAT TR A 21 711
Jr R ZEZENUMPy, AN ARt T DU IR e 25 R e, X T EAR A Linux 21T h . BR T 4K
LI 4 FA—RE, Z2Matplotlib, SciPyFilPythonfifir 415 222 NumPy I 2 58 4 — 3k, XL
NIRRT L), (A AR —I 4%



1.8 FHF £ £ MacOSX L% % NumPy, Matplotlib#= SciPy 5

1
1.6 FHFFLE: 7£ Linux LZZ%E NumPy. Matplotlib. SciPy -
#0 IPython

FHR A Linux &4 7 REAT NumPy R o FRATPRET X —SE A TR Linux & A TR ZS Hh 22 0%
(1) ZfERed Hat &2 NumPy, i #EAT AT AT

yum install python- nunpy

(2) ZFEMandrival Z2ENumPy, IETEMAFTH AT U R A s
urpm  pyt hon- nunpy

(3) ZAEGentoo | ZHENUMPy, IETEAT AT HHATAN T A4

sudo energe nunpy

(4) EAEDebiansUbuntu [ 224 NumPy, 5 7Ea 24T P AT a0 T 4rd

sudo apt-get install python-nunpy

IR T A Linux AT AR PR I A RIS %

Linux4& 1ThR NumPy SciPy Matplotlib IPython
Arch Linux pyt hon- nunpy pyt hon-sci py pyt hon-matplotlib i pyt hon
Debian pyt hon- nunpy pyt hon-sci py pyt hon-matplotlib i pyt hon
Fedora nunpy pyt hon- sci py pyt hon-nmatplotlib i pyt hon
Gentoo dev- pyt hon/ nunpy sci py matplotlib i pyt hon
OpenSUSE pyt hon- nunmpy, pyt hon- nunpy- devel pyt hon- sci py pyt hon-natplotlib i pyt hon
Slackware nunpy sci py matplotlib i pyt hon
R A48T et 4

TATEAFLinUX K TR %% TNumPy . SciPy. Matplotlibl) I Python,

1.7 Mac OS X

fEMac b, ARAT LU L EE ] P S s o 24 TR L NumPy . MatplotlibfiSciPy, #i4E H
C RSB T H, iMacPortsal Fink 45

1.8 #HFLE: 7 Mac OS X %% NumPy. Matplotlib #1 SciPy
FATHA T IETE P FUi 222687, BB N fos .



6 % 1% NumPy iz AT

(1) FA'15%E M SourceForgent i T ZNumPy i) 22 R F2 15, Hiuhik by http://sourceforge.net/projects/
numpy/files/ MatplotlibF1 Sci Pyt AT LUFHZE LR 7 20 F 28, R i URL H i numpy & 25 scipy
oimatplotlib, 7RG EARF I, |PythomiA %A (L EIE AL ) 242 . Q0T 1l A AR R r
N, iEHRT TEAEMNDMGIME,  FLMF Sk PR A Y S

(2) FTHF FEAIDMGCE (7] Anumpy-1.7.0-py2.7-python.org-macosx10.6.dmg ), 41~ &
PR

Q ZEFTHFRY B L, SGEARAN R 7 SCFLL.mpko&b R ERR , FA TR B2 7 A UGH ST



19 #F %K. %A MacPorts = Fink %3 NumPy, SciPy, Matplotlib #= IPython 7

O i Continue ( 4%k ) #2413t ARead Me ( IR ) FLifi, ol 1K Bl—/NEENumPyH
wXF, WFETR .

Q HifiContinuetZHl, AT LA B 5CTAAF/F AT MR Ui

(3) FIBEAAVFAT UM, FdiContinuefitdll, 7ERR R4 Z W it Accept (A1)
el AkEREe, R adiFinish (5800 FREA R
R T At A4

A THEMac OS X I HEIE - L 22348874245 T NumPy . SciPyfliMatplotlibfif 235 2 3 5
ZARZEL, A LA (D) A R B URL AT R 2 RITT

1.9 #HFELE: {FA MacPorts ¢ Fink 23 NumPy. SciPy.
Matplotlib #7 IPython

B T T LA 5 A —Fh 2 073X, BV F MacPortsel Fink i 22 NumPy |, SciPy . Matplotlib
DL R IPython, T~ I 44 H 14 22 256 20 WG 4220 T A IS AR PR . ZEAS A A NumPy 2075 09, 4n
AR FA A AT, n] IR



8  H 1% NumPyBik A

(1) B ALL R4, MMacPortsZe 2 ix s df (44 .
sudo port install py-nunpy py-scipy py-matplotlib py-ipython

(2) Fink A1 & T AH A4 . NumPy A9 sci py- cor e- py24 . sci py- cor e- py25 i
sci py- cor e- py26; SciPyl4sci py- py24. sci py- py25#isci py- py26. $ATa FHd, &
1R Ze 25 7T Python 2.6A9NumPy DL N HAEE 22 2% i AR R«

fink install scipy-core-py26 scipy-py26 natplotlib-py26

R AT Bt 4
FATHEMac OS X i M acPortsFlFink 2225 T NumPy L Kz HAth 4 157 22258 i 4R AF 4,

1.10 HwmiFFEAK
NumPy R JEACHES AT LIS FHgi t 8, 40 F Frs

git clone git://github.conl nunpy/ nunpy.git nunpy
il FH AN v 4K NumPy 22 %5 Jusr/local -

pyt hon setup.py build
sudo python setup.py install --prefix=/usr/local

AT EA Chieey (UIGCC) FIPythonHt & # 41 (pyt hon- devifpyt hon- devel ), )5
A AT AL T SR

1.11 #HAX%

TEN A SENUMPY 2B L BRIS , FRATIRE B NumPy I EZE N 42 . NumPy 32 7EA (I 3
7 T BRCRAR T Pythond LAY listZs 2 o i HINumPY AT LAZEAR A s RAR 203 E ), DR LAY
EL A (14 Pythond R A% B8 A 7 o

1.12 zHFLE: EEME

BB BRATIFE ZEXF A ) Fa MO o 3 HLAG 1) it B AR 8 Y — e, WS JRAT TR
TE 5 53 2 2] Q] FINumPY BUZH FR A I . 1] fa B BUE M O~ni 38 50 A~F 5, B ann B3, (7]
iraH0., 1uk4d. b EA0-nIEEE NI T, BIni3Et, [m&EbA0, 158, H4liPython
RIBRZEABWE? AT —RX AR, B -5 S50 NumPy (R ESHET T A



112 #HFFEE: @ik 9

(1) VAT A4t Pythonf it T DA S bR L3 ] 1 .

def pythonsun(n):

a = range(n)

b = range(n)

¢ =[]

for i in range(len(a)):
af[i] =1 ** 2
b[i] =i ** 3
c.append(af[i] + b[i])

return c

(2) LT 2 A HINUmPyY AR, B[R REA fif e ) L

def numpysun(n):
a = nunpy.arange(n) ** 2
b = nunpy.arange(n) ** 3
c=a+hb
return c
T, nunpysun() pRECTECA T or JFR. (A, FRATME FINumPyHiar ange sRECR A1)
AL 0-n BB NUmPY LA o RAS W ar ange PRECHT T A — T RTZinunpy , RIHIZREUE N
NumPy BT AR

TR A A SIS . FEAT S A IRATE AR R, NumPyZEBAHRAE L RCR L T4l
PythonfUHG . AR AFTTEtREWE? 2 FORMERFFIRRATE SR, BUME (107°s) AURE R
1E5% Fnunpysund( ) Flpyt honsun() BRECIFERT o XA P i H RN & ) Tl 2 oK 19 S JT
K. LA TREF gliPythonf CHS FINumPy fC A% & 545 2 AR [R] (1 45

#! [/ usr/ bi n/ env/ pyt hon

i mport sys
fromdatetine inport datetine
i mport nunpy as np

AHFLE
B AL E =Pyt hond #9188 e ik
R Ao T A A B ATAL

pyt hon vectorsum py n

UPSEEF AR SN SE 24

Tk &) F—ANEF 005N ST
¥ ANEE 403N ERY TG
AL B AT 6P ok @) B A An )6 0936 AN E VA RGBT I ALY I 1]
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def numpysunm(n):

a = np.arange(n) ** 2
b = np.arange(n) ** 3
c=a+hb

return c

def pythonsun(n):

a = range(n)

b = range(n)

c =]

for i in range(len(a))
a[i] =1 ** 2
b[i] =i ** 3
c.append(al[i] + b[i])

return c

size = int(sys.argv[1])

start = datetinme.now)

¢ = pythonsun(si ze)

delta = datetinme.now() - start

print "The last 2 elements of the sunt, c[-2:]

print "PythonSum el apsed tinme in mcroseconds", delta. m croseconds
start = datetine.now)

¢ = nunpysun(si ze)

delta = datetinme.now() - start

print "The last 2 elements of the suni, c[-2:]

print "NunPySum el apsed tinme in mcroseconds", delta. m croseconds

FRFAE A 0N 1000, 200041130008 ()% H 4351 4 »

$ python vectorsum py 1000

The last 2 elenents of the sum [995007996, 998001000]
Pyt honSum el apsed tinme in m croseconds 707

The last 2 elenents of the sum [995007996 998001000]
NunmPySum el apsed tine in mcroseconds 171

$ python vectorsum py 2000

The last 2 elenents of the sum [7980015996, 7992002000]
Pyt honSum el apsed tinme in mcroseconds 1420

The last 2 elenents of the sum [7980015996 7992002000]
NunmPySum el apsed tine in mcroseconds 168

$ pyt hon vect orsum py 4000

The last 2 elenents of the sum [63920031996, 63968004000]
Pyt honSum el apsed tinme in mcroseconds 2829

The last 2 elenents of the sum[63920031996 63968004000]
NunPySum el apsed tine in mcroseconds 274
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R0 4 R AR S www.packtpub.coméy B 7 SFAKARZ K T B A5, T AR 3k BT
Q REE G THRA, e RARAER LM FET AP, T A Flwww.packtpub.com/
SUPPONtHEAT B2, R ATA BLAH ) AR AD S VA B 7 XK 3% 264k

S QR A

AR, NumPy U5 LL AR A 2l Pythonf CREiE A T BEE RIS 2 . A — ST LA 2, RIORISTRAT I
HINumPyit & Python, 15 EIZEFE—EN. A, WENEESERAEA LAEER, FE,
nunpysum() ERERYHT AL SHE S . XA ATE? TR, FRATEE A ENumPY i, ik
Python ] B IlistZ ek o IEUTHT S H TR, NumPyEdi x4 L& B ES H R AAE U . FROTISAE
TP TE A A NumPY £ N 42

ZREHMIE: ar ange REBITIRE

E&i1  arrange(5) #4247

(1) &) —Aa45 T & Pythongl & (list), BALS ) 4 1~589 4
(2) B3 —A @ A5A T E W Pythong) &, JRALH ) A 0~484 H 4%

(3) Al — A B ASA T EHINUMPY£L2, RS H) A 1~589 4

(4) Bl E—A AT FHNUMPYZCAL, BAE 5 B A 0~4ah H sk

(5) A LR R 2+

BBk #—So0H
AR K L NUmPy Fe i ALPythorvX AL 35 4T ik B 6942 5 R R4 5 = 3%, e RIFAA R 69 £ 36
FA S xFtE ARGt S (L Y EaaaE )2 PR KT e R g R AR R B L,
ST ARG AT A AR E

IR —T, NumPy ™ &9 %3t S 3T A R AR5t S0 -F 3% 2, Uk A Matplotlib

K BMEAFHRGLHE T —REX M ERR, RTALELZFKIRIS
(:l B, (%93 A T Matplotlib, )

1.13 IPython: —1"Z ExX shell TH

FHEZ A TR AR, T 1PythoniE Uk T2 ML iR K 2 T IPythonfit




12 % 1% NumPy Bk A ]

(1978 B RS IS AR 2 AN M &Matlab., Mathemati caliM apleffg JF I AR o AR AT LATZEZR AR HK
PG LHARMIEN 255, Huhk Jyhttp:/ipython.org/,

IPython/& S 2 0%k, RTLAZELinux. Unix., Mac OSX L K Windows |- f#i ], 1Pythonft)
VEZA 1A SR F 3| Pythonf BHIF T/ B AE & 2RI REAZ 2 2 I Python, 321Xt 1 Pythonfi ]
FME—RYER R Pythonf 3E AR I BE

Q Tabfi H ghfh4x;

Q J7 dic A

Q TN geE;

Q % unnl DL FSNTPythonfilI A ;
Q ZRFRGmL;

O ZHpylabfizt;

Q PythonfR iR FITERE 34T

TEpylabtE =R, IPythonds [ 3515 ASci Py . NunPy FliVat pl ot | i biHe , {5 3sA XA Lhfg
HATHRETFah'F AR — g
MEAE, TATHATFAEGSIT PR AT e

$ ipython --pylab
Python 2.7.2 (default, Jun 20 2012, 16:23:33)
Type "copyright", "credits" or "license" for nore infornmation.

| Pyt hon 0.14.dev -- An enhanced Interactive Python.

? -> Introduction and overview of |Python's features.

%qui ckref -> Quick reference.

hel p -> Python's own hel p system

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

Wel cone to pylab, a matplotlib-based Python environnment [backend: MacOSX].
For nore information, type 'hel p(pylab)'.
In [1]: quit()

i Hqui t () PRECEPEEEECHI+DI AT LR H IPython shell . A5 A FR AT AR 2 (11 3] 2 Rip ffisd o 5
55, IPythonn] AEHEHE PRAF-S5 i LAEFRS 5

In [1]: %ogstart

Activating auto-logging. Current session state plus future input saved.
Fi | enanme ;i python_l og. py

Mode . rotate

Qut put | ogging : False

Raw i nput log : False

Ti mest anpi ng . Fal se

State : active

PRI, FA PR Z BTG 1 i AR PO AT H SR, AT RHE AR 7 s TS .
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In[1]: Is 1
READVE vect or sum py

In [2]: %un -i vectorsum py 1000

PRATHEIRIOAS, 3% HLAY1000 248 [ h e E IR . % unft—d S50 IF i pdbiEit e, 4
Ak, BAIFRZTHAT T (USREAEn T, Si—3Pdrnl ERCIDLE R ), 76 pdbiR
PRGOS Aqui t 7] LLCHTTEIR 2% .

In [2]: %un -d vectorsum py 1000

*** Bl ank or comment

*** Bl ank or conment

Breakpoint 1 at: /Users/.../vectorsumpy:3

TEi pdb>$n R A C, MmIFRizt A,

><string>(1)<nmodul e>()

i pdb> ¢

> [Users/.../vectorsum py(3)<nodul e>()
2

1---> 3 inport sys
4 fromdatetine inport datetinme

i pdb> n

>

/Users/.../vectorsum py(4)<nodul e>()
1 3 inport sys

----> 4 fromdatetinme inport datetine
5 inport nunpy

i pdb> n

> [Users/.../vectorsum py(5)<nopdul e>()
4 fromdatetine inmport datetinme

----> 5 inport nunpy
6

i pdb> quit

FA 1L mT UL 1% unf—p SR A AT IERE 20T

In [4]: %un -p vectorsum py 1000
1058 function calls (1054 primtive calls) in 0.002 CPU seconds
Ordered by: internal tine
ncal | stottinmepercal |l cuntinepercal |l filenane:|ineno(function)
1 0.001 0. 001 0. 001 0. 001 vectorsum py: 28( pyt honsum
1 0.001 0. 001 0. 002 0.002 {execfil e}
1000 0. 000 0. 0000. 0000. 000 {nmethod "append" of 'list' objects}

1 0.000 0. 000 0. 002 0. 002 vectorsum py: 3(<nodul e>)

1 0.000 0. 0000. 0000. 000 vectorsum py: 21( nunpysum

3 0. 000 0. 0000. 0000. 000 {range}

1 0. 000 0. 0000. 0000. 000 arrayprint.py:175(_array2string)

3/1 0. 000 0. 0000. 0000. 000 arrayprint.py: 246(array2string)

2 0. 000 0. 0000. 0000. 000 {nmethod 'reduce' of 'nunpy.ufunc' objects}
4 0. 000 0. 0000. 0000. 000 {built-in nethod now}

2 0. 000 0. 0000. 0000. 000 arrayprint.py: 486(_f ornmat| nt eger)

2 0. 000 0. 0000. 0000. 000 {nunpy. core. mul ti array. arange}

1 0. 000 0. 0000. 0000. 000 arrayprint. py: 320( _f or mat Array)
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3/1 0. 000 0. 0000. 0000. 000 nuneric. py: 1390(array_str)

1 0. 000 0. 0000. 0000. 000 nuneric. py: 216(asarray)

2 0. 000 0. 0000. 0000. 000 arrayprint. py: 312( _ext endLi ne)

1 0. 000 0. 0000. 0000. 000 fromuneric. py: 1043(ravel)

2 0. 000 0. 0000. 0000. 000 arrayprint. py: 208( <l anmbda>)

1 0. 000 0. 000 0. 002 0. 002<string>: 1( <nmodul e>)

11 0. 000 0. 0000. 0000. 000 {I en}

2 0. 000 0. 0000. 0000. 000 {i si nstance}

1 0. 000 0. 0000. 0000. 000 {reduce}

1 0. 000 0. 0000. 0000. 000 {nethod 'ravel' of 'nunpy.ndarray' objects}
4 0. 000 0. 0000. 0000. 000 {method 'rstrip' of 'str' objects}

3 0. 000 0. 0000. 0000. 000 {i ssubcl ass}

2 0. 000 0. 0000. 0000. 000 {method 'item of 'nunpy.ndarray' objects}
1 0. 000 0. 0000. 0000. 000 { max}

1 0. 000 0. 0000. 0000. 000 {method 'disable'" of ' Isprof.Profiler

obj ect s}

RIGVERE T RS R, W LU 20 1Ry i) TARBLH], JFRERS IRt R IR AP BT
i Homi st 4 AT LA A 4701 ik o

In [2]: a=2+2

In[3]: a

Qut[3]: 4

In [4]: %i st

1:. _ip.magic("hist ")
2: a=2+2

3: a

WIS ATEIA A, A BORELIA g I Python @ AR A R TR 17!

1.14 TEZLZRIEFEE

TEIPythonfpylabfi=C F, FRATAT LA Fhel pair&FT H-NunPy BRI FM 0T 1H o AR AT EE
HEBE A AN 5, RONAT DAFE B/ D 245 a4 T Tabi b AT B shih 2. filan, JAIDkEE
— Far ange PREAYAHCAE B

In [2]: help ar<Tab>

In [2]: help arange
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T30 AR R S TN — N )5

In [3]: arange?

A LA http://docs.scipy.org/doc/ 4 B NumPy FISci Py (7R LR SCRY . FEX AN F, AR A] LAT;
] http://docs.sci py.org/doc/numpy/referenceliXl S NumPy ()22 58k} . P 6 LA S — Bl RS

NumPy [wiki i i3 1 2 AH SR T i-5:7% « http://docs.sci py.org/numpy/Front%20Page/ .

NumPy F1Sci Py i3z Hihl > http://ask.scipy.org/en.,

J B2 G B T & B AR [0) 25 34 Stack Overflow A7 B A E T A48 ) Blbr i Ky nunpy #H G 7]
B, YRAT LS LA A X 4L R] . hittp://stackoverflow.com/questions/tagged/numpy

AR S A RS T, s AR T ENUmPY T R B, AT AT BINumPy 15
LIRS 22, H MR Ebdl S numpy-discussion@scipy.org. 4 K IIHBESCR A2 K2, I H AL
ARSAHETCE A o e B A2 , NumPy B35 BRIT & A T B 2 (P12 S A L o A T A
SERE R M5 FR AT AR B4R 5] . www.scipy.org/Mailing_Lists.

SHFIRCYHIFH P, Al LIAFFirc.freenode.net FAYIRCHTE . RS IZI0IE 1 4 Fre#sci py, H
PRt AT LASE HNumPy 4 1153, B A Sci Py 2 55 T-NumPy 4, SciPy i FH P T g NumPy 4 135, SciPy
Wil I 2 /DA 50N R EZE

1.15 AKRE/NE

TEARTE, FRATTLEE T NumPy LA AR E A . BRI TE T T s s ey, - LLiE
BT NumPy S HERE . BlJE, FROTAE T 85 R shell T HIPython, b4k, FTATEHIH T RS
Z HINUmMPy SCRY FIFE LR BT IR

TE T —EH, FATHRA THENumPY i) —SEEAME S, AR A e

@ Internet Relay Chat, —FAFFIUBML, FHTMZHIRIIR, —F&



NumPyZL At

AL —F P EAMFT TNuMPYRy 35, JHRAEATT — R, A,
ik ZATE X 5 5T NumPy g 2K sl ke ime

ENRT A Y N
Q el
O e,
Q KA
Q B
Q BAR5;
Q vk
O ARG,

Ait, FEIERE ) Z T, FRAARTE TR R B A —Le 10 . AR TEACHE B A AR
B3k A IPythonZsiif o AT 728 154 415 1 TREA TR 52 B shel T_H.IPython,  1Pythonit)
pylabfi 2 A] LA H 355 A0 55 NumPy 78 N 94 22 Pythonkl 24355 4, I B AEIPythonh A 052 i
[ Hpri nt B AR, Ak, RBECEMIERE SRR T npor t Mpri nt
WEA AR EPythonf A

2.1 NumPy #EX &

NumPy i findar r ay & — N2 4EEEHXTSR, 20 G PR 4

Q SEFRIEE ;
Q b S AT .

R BB ARAEAAUBOTRAE TR I, AN = ) S Pl
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e LR, FATE ZHE AT Far ange sRECET I . S2F5 b, YT R H 2
BT AL, Tindar ray SCRFE R IO4ERE

NumPy %4 — O R B ([EA —FREIR RGO, BRI ), BB A
TLRFIIMAUE—BUY o A — DU ARIRATTAE R h BT R o R — 2, %5 e
s A At s (A AR 2 2 W R ok

5Pythonti—FE, NUmPYACEHHY FARULEMOTF I . B 702 BRI R4 TR 55
R, TTRCEEXT G T A AN

FA T ar ange PRELBIERAL, FHFARBUHLAE Y .

In: a = arange(5)

In: a.dtype

Qut: dtype('int64')

Bl anBiZE A i nt 64 (TEFRAYHLES LIZIXAE ), HIRAIRARME 320z i Python, 13211
SERATRERT nt 32, AN EMIFMHIE , 2B ARG SRR B (64083207 ). B T 82k
B, R RS R R R

SIS BRI (D —4ERINUumPY$RA ), TR s AR A, (H
KABPEOLT, AT B mAEnIXS G o Jektfing — T WIRI I G 1 & i 2 2 -

In [4]: a

Qut[4]: array([O, 1, 2, 3, 4])

In: a.shape

Qut: (5,)

EWRFFE RN, X MEESMIT R mE, BUE I 0~4 54, B shape &
R —Tedl (tuple), JCALHATGE B NumPy$cA B — A48 B/, b7 i gt
B4y, POt A 1ok,

22 mHMFRE: QIEZHLA
RESRFRAT IO S0l anfer @ ) o, BRAE W] LA B 2 4EINUmPY 24, IF A d AR T
(1) Bl 245
(2) WoRIZEH AR
In: m= array([arange(2), arange(2)])
In: m
Qut :

array([[0, 1],
[0, 1]11)
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I'n: m shape
Qut: (2, 2)

R BT A A4

A 1 ¥rar ange RELBI M ELHVE MR ITE, HEXMINERIE NS EL Har ray k%L, MM
BT —A 2% 2005k, T ELICA B TETRAEEE R

ar r ay PRECAT DR 25 78 X G AR B . 45 8 X A RE 28404, WnPython i %36 . 7
BT, FATE S ar ray BRETI TG E— S NumPy B 1951 36 . 15X RER B X5 S
arr ay REUME— DL ESRL, HAINIE 22803 A BMER TS50

REMIE: ndarray M REEZEBHEEFMESR

BRRL  ndarray * %69 4 E B MR AT 5 AR Oy X A% 6 7
(1) 125 F8 700 545 8

(2) Pythong!l & (list)

(3) Pythonst. 48 (tuple)

HEHA: SIE3x3RIZHEA

A, BIE—AIX3 G EHAM W E R AT, RiXE, SHECE S LMK E L
Y T B AR AR — 3,

2.2.1 EEREATTE

A, P T RO P AR E TR . F IR B 2x 2 YA

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

Qut :

array([[1, 2],

[3, 4]1)
TEAIEIX A 2R, Ffl145ar r ay PREUL B AT SR — MR E ISR . ITERMIRIEIR
ZHEA TR, 10, B TR MNOIFIRRY .
In: a[0,0]
Qut: 1

In: a[0,1]
Qut: 2
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In: a[1,0]
Qut: 3
In: a[1,1]
Qut: 4

JEf, WEEH R IEBOTR R X AT, X T8da, Jzal m n] RS H4TR, H
HmFIn N ICER TAR, XL RYALE AR R FR .

2.2.2 NumPy #iFZ8

PythonSCHF RIS B AN | 7 i UL R RN, R SBT3 A 7
K, HENumPY#s AN T AR Z HAB R BRI . FESEPRRII T, AT ZEAN AP E A R 2 2
ENTE AR NAFZ EHIE AR . FENumPy R, RIS BE IS4 I 4 R, XA
FoR HAE WA 5 RO A2 %, T i a9 A% CREEE F NumPy TP Tl ) #1117 NumPy SRR %

EEE i

% B o’
bool FA—PEAFAE AR /R ({9 TRUESFALSE )
inti H ITTE T 5 PR HORS B 1 (— A nt 328 nt 64 )
int8 A, YL N-128%127
int16 HHL, L H-32 768%32 767
int32 O JEE -2 1
int 64 B, WED-2%F2% -1
uint8 TAFSHEE, 0% 255
uint16 TCAF 588, R SH0%E 65 535
ui nt 32 TAFSIRL, TLFEH0E2%-1
ui nt 64 T #4, WEN0E2%-1
float16 RGBT A (1607 ) - HR AU RN IERYS, SMERRIEE, 100 TR B
float 32 PARGRERE SR (3207) « H P HUNFRIER S, 8 R/RIEE, 230 Fm2E
f1 oat 643Kf | oat XURFRE I S8 (64 ) - Hh TR IEN S, 110 RRIEEL, 520 RR 2%
conpl ex64 SR, S WA 324 1 AR A SR
conpl ex128Hconpl ex SE, S IS 640 T SRR SR

T — PR SR I X P 2 R 4 R
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In: float64(42)

Qut: 42.0

In: int8(42.0)
Qut: 42

I'n: bool (42)
Qut: True

In: bool (0)
Qut: Fal se

In: bool (42.0)
Qut: True

In: float(True)
Qut: 1.0

In: float(Fal se)
Qut: 0.0

TENUmPYf, V52 RIS B0 P m] LA E Bi A, i S SR ATy -

In: arange(7, dtype=uint16)
Qut: array([O0, 1, 2, 3, 4, 5, 6], dtype=uintl6)

it RTERE, ERCEANRERHON R, R ik & Ty pekr r or 5%

Tn LI] = (o042, 0+1. j)

Typobrror

<ipyLhon—input—1-3cH24TRU3RTIA> in <modu
> 1 int{d42.0. V1. j)

Tvpelirror: can't convert complex Lo int

[FRE, BEABARRHAT N IT S, A, IS8 DU 22, Bltnconpl ex( 1. 0) o 1A,
EENIDE S ReR - Gih): -5 8

2.2.3 HIREBIER

BHERAINT SR Eenunpy. dt ype2SiYsE], WNETHTIR, NumPy$e A B2 R, Eia)
i, NumPy%ied o 9 R — AT R 25 AR R PR BRI 4 n] L2 s AN B o &R A
INFET SR %0, Blldt ypeZifi t ensi zeJg@ 1 -

In: a.dtype.itensize
CQut: 8

2.2.4 FYmAL

NumPy ] LU I 545 ok R m B2, 00 T A NumPY R E Numeric, F-AETE
S RE e, AEAT I 2 R, PR AR TP AR A0 2 o 328 ROZ AL el Hldt y pe
XIRMFTRBAEIAY, TAEIXLE ATl
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HamAER FR R
A i
TSR
PR BEVE UL
XUKE BE VT s
A IR AE
SE
FAFH
unicode= 44 H3

< C W U o a —™" <

void (%5)

TR BRI T — > HORE B R O

In: arange(7, dtype='f")
Qut: array([ 0., 1., 2., 3., 4., 5., 6.], dtype=float32)

SR, T AR AN SRR

In: arange(7, dtype='D)
Qut: array([ 0.+0.j, 1.+0.j, 2.+40.j, 3.+0.j, 4.+0.j, 5.+40.j, 6.+0.j])

225 BEXHIELR

BATARZF A SCBARZEII I, AT SRR
Q A LA I PythonH (27 s 5k 7 .

In: dtype(float)
Qut: dtype('float64')

Q AT RASE AT S oA i B TR i B

In: dtype('f')
Qut: dtype('float32")

Q AT 545 i oA 1 R O P 7 i BT

In: dtype('d")
Qut: dtype('float64')

Q &AL AN EARAE A S UL AR A 3 pR AL BERT, 55— AR B2
B ATFRFORIZEATENAE T 5 (2, 4, 800 UK 16, 32, 6401
TERE):



22 % 2% NumPy s

In: dtype('f8")
Qut: dtype('float64')

SERLINUMPY SRS A% ] LA /Esct ypeDi ct . keys() k3.

In: sctypeDict.keys()
Qut: [0, ...

2,

"int0']

2.2.6 dtype ZrIE*

dt ypeZR ARZA HIMEIE. F1an, FATa] ISRBCS R R B 74T 2 it -

In: t = dtype(' Fl oat64')
In: t.char
Qut: 'd

t ypel@ Xt N THLHIC R B2 AR

In: t.type
Qut: <type 'nunpy.float64' >

st r @ PER] LIS VBRI P AT R FOR , AT R E D TATFRORT T (endianness),
JE TARAEAT FAF B, B — DTG, e — DT FOR B R T R AT 1 714
XHL, TR ALK 32641 (word ) AFREAGIT, f4E Kim)y (big-endian) /)i
(little-endian ). R 2R die i 0 5 AP RETERR AR N AP HBHEAL , FI>2os S22, /Ny
SR AR P AR S R A HBHEAL , FH<ZoR

In: t.str
Qut: '<f8'

23 HFLkK: CIEZAEXIIELE

I E SRR — Bl S M BRI A, l LSRR o L 1 e sl Rl e vh — A7 2 o 45
o MR RBI, FA R AU — AR R AR B AR, Horp, AT — R 84017
PR PRI SRR R A K, F— 13201 BRI S R b A AP R, de i FH— 132 Y RS
JEUF R BORICSR B S M o DR R P ER

() Bl s
In: t = dtype([(,nane', str_, 40), ('numtens', int32), ('price',float32)])
In: t

Qut: dtype([('name', '|S40'), ('numtens', '<i4'), ('price', '<f4')])
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(2 EFEBAREA (WA UAFRE—FBRWEBIRER ) -

In: t[' name']

Qut: dtype(']| $40')

TEHar r ay BRECBIHECA, WERBATESHC PR e SRR, R TF SBCAY, Ml
e, AT AR ZEAN A BRI AR, s b e SAC I8 B 26 A, 5 LK i & Ty peEr r or
B

In: itemz = array([(' Meaning of |life DVD, 42, 3.14), ('Butter', 13, 2.72)], dtype=t)

In: itene[1]
Qut: ('Butter', 13, 2.7200000286102295)

L/ QN I A

FATRIE T —Fh A SRS BER, ZRBE A S — NPT S e A 7. —
RGO SRR A S — NI BGE R B

2.4 —HEBERRESIFYE

— YR D) AR S Pythond | R I U) Fr BRAEARARRL. B, FRATTAT LA FAR3~7R3EHUT
23~6:

In: a = arange(9)

In: a[3:7]

Qut: array([3, 4, 5, 6])

WA LI FA5R0~7, DI g KIEBOTR

In: a[:7:2]
Qut: array([0, 2, 4, 6])

FPythonth—#f, - FATTHL AT LA 5280 B B 250

In: a[::-1]
Qut: array([8, 7, 6, 5 4, 3, 2, 1, 0])

25 HMFLE: SHHEMIRINESI

ndar r ay SCRFESAREUA LDV A R, D8 TOF iR I, ATATUH—Ems (.. ) ok
FER i i T B4R

(1) 2RI, FA1eHar ange AR — I SMURHAERE , 2 A8 Bl — > =45 -

In: b = arange(24).reshape(2, 3, 4)



24 % 2% NumPy Az

In: b.shape
Qut: (2, 3, 4)

In: b

Qut :

array([[[ 0, 1, 2, 3],
[ 4, 5 6, 7],
[ 8, 9, 10,11]],
[[12, 13, 14, 15],
[16, 17, 18, 19],
[20, 21, 22, 23]11)

ZYAb A 0~23 8K, H24 IR, B—2x3x4) =4 . FATHT LUE St &
B PRI, HEEA 12/\}%@ ﬁﬂlﬁﬂﬁk%?@ﬂ e, AT AT LA R T
FAK P TR (sheet), ATFIFIRY R . IRATREC 22453, r eshape REHIVE R B 5l 1 “IE
R, RS 4R E?‘Ei&ﬂv~/\1@§§&mﬁ I E R AR BRI
UNRAE RE B4R A BT NI G, RO 5

(2) FATA] LI =G A o e e A B — 1 Pe ], EH@F M5 fln, EeEFUEE.
ST BN B (WA DIUESR0EE . SROTT . SR0%, ik HUE TR ), ATLAXFERIR

In: b[0,0,0]

Qut: O

(3) WERFLNTACOHER, Wl &R SRR G2 B T . B BIE], IRA T LOR 251
AT AR SR 1 B 5 SRR

In: b[:,0,0]

Qut: array([ 0, 12])
This selects the first floor

In: b[O]

Qut :

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

FATEAT LIRS, PRI VMR ITA B 1] -

In: b[O, :, ]

Qut :

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

ZARSAT UMD () RO, D Em e U AE T

In: b[O, ...]
Qut :
array([[ O, 1, 2, 3],
[ 4, 5 6, 7],
[ 8 9, 10, 11]])
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PEMTAT AECE VZHE . 2R T B 1H] -

In: b[O,1]
Qut: array([4, 5 6, 7])

(4) HE—20, FATR] LATE B I B ReL U0 v ) gk i e

In: b[0,1,::2]
Qut: array([4, 6])

(5) MR BT AR TR 250/ B3 0], RIANEEREZ AT, HI M A RIAT .

In: b[...,1]

Qut :

array([[ 1, 5, 9],
[13,17,21]])

FeAHl, FRATRT DA A AL TR 24T G5 lE], AR EREE SIS

In: b[:,1]

Qut:

array([[ 4, 5, 6, 7],
[16,17,18,19]])

AR 2R B ICE VR RE AP A L TS 28 B 1], LR L A e L BT

In: b[O,:,1]
Qut: array([1, 5, 9])

(6) AN RE VIR VR MR 5 — SR A B (a), A A .

In: b[O,:,-1]
Qut: array([ 3, 7, 11])

UNRE B ] B VR 5 — SR T B 1), N R AR -

In: b[O,::-1, -1]
Qut: array([11, 7, 3])

TEIZECA Y] Fr i [a] B e 7 TR -

In: b[O0,::2,-1]
Qut: array([ 3, 11])

USRAE AR A T B — AR ) i %, R A SR AT RO 48 B2 1 B T ZR DU, (e FRATT
(15 A LRSS 22 R Y 3 1] 52 4

In: b[::-1]
Qut :
array([[[12, 13, 14, 15],
[16,17,18,19],
[ 20, 21, 22, 23],
([ o 1, 2 3],
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5 6, 7],
9,10, 11]11)

[ 4

[ 8
1 QN I < A
FAMTHAS R ENS — A NumPy Z 4B 4T T 1R 1A%

2.6 ZhFLEK: HTHEMNEE
AT 222 T /BRI Hr eshapesRig, BT — T /BRI A .
(D ravel FATATLIHIr avel pRETSE R HIFRAE .

In: b

Qut :

array([[[ O, 1, 2, 3],
[ 4, 5 6, 7],
[ 8, 9,610,11]],
[[12, 13, 14, 15],
[16, 17,18, 19],

[20, 21, 22, 23]11])

In: b.ravel ()

CQut :

array([ o, 1, 2, 3, 4, 5, 6, 7, 8 9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23])

(2 flatten XPEREUIAINIES, flattenil 2R EHEE, Sravel BREUITHAEMIE
Ank, f1at t en PREETE R AT NAERARAFEE R, ir avel PREUR R I ) — IR (view ):

In: b.flatten()

Qut :

array([ o0, 1, 2, 3, 4, 5,6, 7, 8 9, 10, 11, 12, 13, 14, 15, 186,
17, 18, 19, 20, 21, 22, 23])

(3 MK ELE BT AT LUEHr eshape i, AT LI B — N IEBEOTH AR
ERAMYEE, F s

In: b.shape = (6, 4)
In: b
Qut :
array([ 0, 1, 2, 3],
[ 4, 5 6, 7],
[ 8 9, 10,11],
[12, 13, 14, 15],
[16,17,18,19],
[ 20, 21, 22, 23] ],

IEMRETR 2R, R EER R IR AR, BRI T — P exaf ZHE R4



28 FHF L. wohKa 27

(@ transpose TELMAE T, B AR R WAHERAE . X T 240504, TR AT LA .

In: b.transpose()

Qut:

array([[ O, 4, 8, 12, 16, 20],
[ 1, 5, 9, 13, 17, 21],
[ 2, 6,10, 14, 18, 22],
[ 3, 7,11, 15, 19, 23]])

(5) resi ze resi zeFllr eshape PREUITIHE—FE, {Hr esi ze & HHEAEMUTHAE AL

In: b.resize((2,12))

In: b

Qut :

array([[ O, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11],
[12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23]])

L/ QN I A

FMHravel | flatten, reshapefilr esi ze KU NuMPY A 14k AT T80,

2.7 FARVAEE

NumPy £ A KA G . TEEHASMIREAGHEZ/MA G, KATEEHvst ack .
dstack. hstack. col um_stack. row st ackllzconcat enat e FRECK 52 A ZH S .

2.8 HFLEK.: HEHAE
B, Bl Dl

In: a = arange(9).reshape(3,3)

In: a

Qut :

array([[O0, 1, 2],
[3, 4, 5],
[6, 7, 8]1)

Int b=2%*a

In: b

Qut:

array([[ O, 2, 4],
[ 6, 8, 10],
[12, 14,16]])

(1) RFms FAVCMNK LGRS . $indar ray X0 I TCVE NS E, 1684
hst ack PREL, AR
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In: hstack((a, b))

Qut :

array([[ O, 1, 2, 0, 2, 4],
[ 3, 4, 5 6, 810],
[ 6, 7, 8,12, 14,16]])

AT AT I Hconcat enat e BRECRSZEL R AR, WR R

In: concatenate((a, b), axis=1)

Qut :

array([[ O, 1, 2, 0, 2, 4],
[ 3, 4 5, 6, 810],
[ 6, 7, 8,12,14,16]])

(Q #huEs FEHHAFFETEME —NTTAHAERNSE, AR XR T REE KT
vstack, TR

In: vstack((a, b))
Qut :
array([[ O 2],
3 5],
6, 8],
0, 2, 4],
6

2,

NaeR

, 8,10],
14,16]])

1

ke, FfiTffconcat enat e bi%iiaxi sSHE NOMI AT B RIREIIRCR . Xt Raxi sZ
LIGUENINTEE

In: concatenatel ((a, b), axis = 0)
CQut :
array([ 2],
5],
8],
4],
, 107,
, 16]1)

PONNSPE

0
3
6,
0,
6
2,

12,1

() S HAMHFMTTANE IS L hdst ack i, BRIl 58 B RIEA G . Tl
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WEAG, MUK — RV E N (RE) JTmd T 2E8H a8 22001, A4 Tk —4eF
THT PN R G S B, AT RT LR I 28 PR iy A T 1) )2 B e —ike , B R MR 14

EREAS .

In: dstack((a, b))

array([[[0, O],
[1, 2],
[2, 4]],
[[3, 6],
[4, 8],
[5,10]],
[[6,12],
[7,14],
[8,16]11])

(4) 51484 col unm_st ack BRECHHT—4ER4LH 50 7 A T4H A, TR FIR

In: oned = arange(2)
In: oned
Qut: array([0, 1])
In: twice_oned = 2 * oned
In: tw ce_oned
Qut: array([0, 2])
In: columm_stack((oned, tw ce_oned))
Qut :
array([[0, 0],
[1, 2]])

MXF 488040, col urm_st ack Shst ack R EAH R AY «

In: colum_stack((a, b))

Qut :
array([[ O, 1, 2, 0, 2, 4],
[ 3, 4, 5 6, 8,10],
[ 6, 7, 8,12,14,16]])
In: colum_stack((a, b)) == hstack((a, b))

Qut :
array([[ True, True, True, True, True, True],
[ True, True, True, True, True, True],
[ True, True, True, True, True, True]], dtype=bool)

S, PRIEXT TV AT LI ==18 545K LU M - NumPy 52, RANRAR R 2
(5) f7A MK, NumPyh LA HEAT )7 M T A I pR%L, EBlEr ow _stack, X TH
N2, B R SRR A A

In: row stack((oned, tw ce_oned))
Qut :
array([[0, 1],

[0, 2]1)

ST 484, row st ack Svst ack IR AR R «
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In: row stack((a, b))

2],
5],
8],
4],
, 107,
» 16] ]

((a,b)) == vstack((a, b))

Qut :
array([[ O, 1,
[ 3. 4
[ 6 7,
[ 0, 2
[ 6, 8
[12,14
In: row_stack
Qut :
array([[ True,
[ True,
[ True,
[ True,
[ True,
[ True,
R T et A4

True,
True,
True,
True,
True,
True,

True],
True],
True],
True],
True],
True]], dtype=bool)

FATHE K . T BUAGREE S5y T T AL A5 . FRATE Tvst ack . dst ack .

hstack. col unm_st ack. row_st ackll Mconcat enat e K%L,

2.9 A HE|

NumPY$CZ AT LA T /K- . S ELsORE4rH], AHCHIeRECH hspl it . vsplit . dsplitFl
split o FRATAT LB EAL S E BAH R R/ ING) FERAL, o nT DAFE e A R 75 B0 B 7

2.10 BhFILE: HFEA
T ) PR T K 1 4340 g 3 R IR R/ N 2504

In: a
Qut :

N

OESP

array([[O0, 1,
[3, 4
[6, 7,
In: hsplit(a,

Qut :

[array([[O],

(3],
[6]1).

array ([[1],

[4],
[711).

array ([[2],

[5],
(811l

2],
5]

3)

8]1)
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XHRIBERIELA, WHspl it REOFESEPIE 2S5 axi s=1, XHb— T4

In: split(a, 3, axis=1)
Qut :
[array([[O],
[3],
[611).
array ([[1],
[4],
[711).
array ([[2],
[5],
[811)]1

(2 EAHZ] vsplit RECKHHEEL & T E 7 W) 5] .

In: vsplit(a, 3)
Qut: [array([[O, 1, 2]]), array([[3, 4, 5]]1), array([[6, 7, 8]])]

[FIRE, WHispl it RETFESECO I ESEaxi s=0, Wl LIS3[RIHER4S

In: split(a, 3, axis=0)
Qut: [array([[O, 1, 2]]), array([[3, 4, 5]1), array([[6, 7, 8]])]

() REAE AHPTEE, dspli t RECKHZIRBETT 0 FIE . FAT 1 Se i — > =4 -

In: ¢ = arange(27).reshape(3, 3, 3)
In: ¢
Qut :
array([[[ O, 1, 2],
[ 3, 4, 5],
[ 6, 7, 8]],
[[ 9,10,11],
[12,13, 14],
[15,16,17]],
[[18, 19, 20],
[21, 22, 23]
[ 24, 25,26]]1]1)
In: dsplit(c, 3)
Qut :
[array([[[ O],
[ 3],
[ 611,
[l 9l
[12],
[15]],
[r1e],
[21],
[24]11).
array([[[ 1],
[ 4],
[ 711,
[[10],
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[13],
[16]],
[r9],
[22],
[25]11),
array([[[ 2],
[ 5],
[ 8],
([11],
[14],
(1711,
[[20],
[ 23],
[26]11)]

R BT A A4

AT Hhsplit ., vsplit. dsplitflsplit pREEFT T 5 EIELH BOHRIE

2.11 #AEMBEM
% T shapefildt ype g ELISL, ndarray S RiEAREZ HAbry @M, 78 Fm——30H .
O ndi Mm@, AHBgEE, Bk 8
In: b
Qut :

array([[0, 1, 2, 3, 4, 5 6, 7, 8 9, 10,11],
[12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23]])

In: b.ndim
Qut: 2
Q sizel@PE, HINBHTENSNE, WTFHR:
In: b.size
Qut: 24

Qitensi ze/®l, 4 AU PRITTRIENAET TSI FIELC

In: b.itensize
Qut: 8

Q WA E AN BT S OGS [E], T nbyt es B HERAE . XANEMEAE S
W& t ensi zeFisi ze @ HE(E TR

In: b.nbytes

Qut: 192

In: b.size * b.itensize
Qut: 192
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Q TEYERIBCRA r anspose REL—FE, WIF Fin

In: b.resize(6,4)

In: b

Qut:

array([[ O, 1, 2, 3],
[ 4, 5, 6, 7],
[ 8, 9,10,11],
[12, 13, 14, 15],
[16, 17, 18, 19],
[ 20, 21, 22, 23] 1)

In: b. T

Qut :

array([[ O, 4, 8, 12,16, 20],
[ 1, 5 9, 13,17, 21],
[ 2, 6,10, 14,18, 22],
[ 3, 7,11, 15,19, 23]])

Q X TR, HTm s e .

In: b.ndim

Qut: 1

In: b. T

Qut: array([0, 1, 2, 3, 4])

Q 7ENumPyH, SRR RE R ] i fildn, FRATTAr LA —A b S K0k i Ko -

In: b =array([1.] + 1, 2.j + 3])
In: b
Qut: array([ 1.+1.j, 3.+2.j])
Q real @, BN SR, WREEH D RS S8oTsR, W eal &4 4 i
B

In: b.rea
Qut: array([ 1., 3.1)

Qi maglaft, 2R BE I -

In: b.inmag
Qut: array([ 1., 2.])

Q WARBAH PO EHOLR, WHBHRER A 32 5 250

I'n: b.dtype

Qut: dtype(' conmpl ex128")
In: b.dtype.str

Qut: '<cl6'

O flat BRI —nunpy. flatiter X4, XRERIG | ati t er XfREME—X—FK
TRV | ati ter BOFSTE PREL . SXSITTEM R B 0ER AT R ERA MG I — 25k
H—FE Rl TR N 245, R
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In: b = arange(4).reshape(2,2)
In: b
Qut:
array([[0, 1],

[2, 3]])

f = b.flat

In: f
Qut: <nunpy.flatiter object at 0x103013e00>
In: for itemin f: print item

W NPk O

FATEATLUHE L ati t er MG EAARI— M ITR

In: b.flat[2]
Qut: 2

W HIRIMEATOR -

In: b.flat[[1,3]]
Qut: array([1, 3])

flat JEIERE—ARER B, X at @M ERR- T EOoE S R T AR 5

In: b.flat =7
In: b
Qut :
array([[7, 7],
[7, 7111
or selected elenents
In: b.flat[[1,3]] =1
In: b
Qut :
array([[7, 1],
[7, 111

2.12 mHFLE: AR
FATAT LU It ol i st BRETEENumPY B2 %4 i Pythond ) 2%
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(D) Fedulizn k.

In: b

Qut: array([ 1.+1.j, 3.+2.j])
In: b.tolist()

Qut: [(1+1j), (3+2))]

(2) ast ype PREL AT LATER A2 i A2l «

In: b
Qut: array([ 1.+1.j, 3.+2.j])
In: b.astype(int)
/usr/1ocal/bin/ipython:1: Conpl exWarni ng: Casting conpl ex val ues to real discards the
i magi nary part
#! [ usr/ bi n/ pyt hon

Qut: array([1, 3])

= -

F B E L AR A AR, BMERT LA EN, astypedsc
AL T VAR B A A5 B e gk,

T
% In: b.astype(' conplex')
Qut : 1.41.j, 3.+2.i])

array([

E—RBAMERAT EANEIFEER, BRRRARTEMTESEE.

R T At A4
FRATHNumPy i 2H S 45 1 1A ) £ 2 4 iy Py thondl| 46

2.13 AKRE/G

EARZE T, FAT12 > TRZNumPY RO EREEE . B2 AV FINumPY 32 . % T T =
FARZ BT LU B, B2 mlst R H b 2 — ., 7ENumPy T, B RGBSR R AR T %
P S VNN

25T Pythond1) 26, NumPyBCZH s ] L5 (B R T80 - AR S 1 #E . 7E 2485040 |-, NumPy
el RTALOLr e

WU B YR T (A E A R R —— G . R BRI EI%E, fExX—&rh, SR
LU AR B A A S PROHEA T T U . SRR AL PR,

TE2F 2 SEFERIATIUS , FRATPRFIEA B2 3R 24 > NumPy A 5 FH PR, G036 AR R AL
GAIES WA WS




£

Jik
1

BARFR, HAHEFE T NumPysy % R &4, BRRBL, RATEA>M A
SN ARG, NBEHNTH P BAKIE, R EAEANuMPY s LK 45
Fath it 5 AT B X B 5T iR B M8 T ok, 2R B X %A NumPy
ZRERE A

AT RN T PI%E

Q B PR

Q MK 5

Q FREEH B A

Q AR G T PR AL

3.1 XHIES

HE, TAPRFEI M FNUMPY S SCIF, RO T, BUREUSCPERIA 0 . F R8s
SRR A2 2T NumPy [ FE A

32 EHMFLK: XEXH
PSR R 0, Bl R —A BRI CAE R Sl IR A BR5E AR

(1) HLAERE, BPEXTAL LonERB L, HARATRINOMIE IR . #ENumPy T L
FHeye rREL B — X RER) —4iktd], TATRTFELE— NS5, T EEEP1IITE NS
Biltn, Bl 2x 2% .

i2 = np.eye(2)
print i2
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The output is:

([ 1. 0.]

[ 0. 1.]]

(2) flifsavet xt pRECHEHRAAAHRI ST, YIRTRATTTT ZoAE 2 S LS ERAF RO
np. savetxt ("eye. txt", i2)

TS S —eyetxt U, ARTT LKA SCH N A R AR R & — B, XA
i (save.py ) ATLAMAS 5 8 5 S 3k 4 R 2k hitp:/Awww. packtpub.com/support.,

i
i mport nunpy as np

i2 = np.eye(2)
print i2
np. savet xt("eye. txt", i2)

R T At A4

BB SR ER AT — U A H B TR T s avet xt sREGHAT T 5 SCHHRAE 7R L2 T
AL ey e REBIEE T — A FRAIHERE

3.3 CSVXH

CSV ( Comma-Separated Value, 125 4FafE ) #&0E—Fh i WA SCrs . Ew, BdErEn
HAE SR COVAR R, SO R AN FBO R TR FE 2 i8] . AT JRIA,  H T2 4t
( @nMicrosoft Excel ) 7] LIAZLHECSV S0,

3.4 FMFLE: iEAN CSV X

FATRAZUTAEBECSV U7 iz iJE, NumPyHRAY1 oadt xt pREL AT LT (i M 2B CSV
X, A TEE, IR ANUMPYEE . i, FeATTAZRAESRA /T S B B R
BIRFFBOER . BN BIEAFREAECSY X b, S —31 A B AR LIAR RS (SRR A B AR
AAPL ), 5% Jydd-mmryyyyig U B3, 55 =502, BEE SRR B . Bt . ik
WAL, e —F S H I NAC s . R I —1 T -

AAPL, 28-01-2011, , 344.17,344.4,333.53,336.1, 21144800

MEAETF G, FoATT RO L ag s A s & . 76 B s e, s h336. 1,
WS 21144800, FAPEFICEM A AAS S i ZR A B AN B T, I P .

c,v=np.loadtxt('data.csv', delimter=","', usecol s=(6,7), unpack=True)

AUES, Bdafrfifidatacsy SCIF, BATREDFRAT R, (FIHRMIES ), FFATE
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IEF—ACSV U, usecol sIIBECH— N ICH, VISKBUE7TFB 2587 Beny st , ol e
HIR A S SR . unpack S8R E N Tr ue, BB EIRIEAEAFSEERE, B4 Sk
TN TR o B A 25 78 Fe e Ay

L/ QI A

CSV IR — 2 H I TR AL B A SCA% 20 FeAT T oadt xt BREEIR T — M & M &t
ICSVICHF, Hidel i m t er ZHURTE T XN ANIICE S, Husecol sHINSHURE T,
ITVBSLBIEARS, Hfunpack S E0% E R Tr ue ARSI BRI A7%, DAERES ]

3.5 BRZEMRFEHMEE (VWAP)

VWAP ( Volume-Weighted Average Price, AZHRIMASCF-EIMA% ) =— N B2 A 257t
EAERE SR PRT H . RIS BRSSP A O . VWAP
SIS O B T R IBCF M, W T35 5

3.6 EHMFLEk: HEMRRXEMEHMNE
e A (NE RS I Sa =
(1) R &t ise A% .
(2) HHEVWAP.
import nunpy as np
c,v=np.loadtxt (' data.csv', delimter=","', usecol s=(6,7), unpack=True)
vwap = np.average(c, weights=v)
print "VWAP =", vwap

The output is
VWAP = 350. 589549353

R T it 4

KARZESy , AR B AL T aver age sAL, FHHiv/EWACE SR, SEsm T
VWAPTE . IEAN, NumPyH A BB AR B PREL
3.6.1 BEARFHEERE

NumPy i mean RER A 4F, — Lt Amean (Al “JRERZIM" MR ), XA REAT
PO BA LR AP E . BAHRRET
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print "mean =", np.nean(c)
nmean = 351. 037666667

3.6.2 EFEIANA &

FEZEGE 7, TWAP ( Time-Weighted Average Price, I [RIIIACE-E) 4% ) S5 —Fl 47
IHE IR . RESRIATE 2T TVWAP, IR — T TWAPIE . HSCTWAPH & — LRl
ME, FEAR BRI B AS F 2R, BT LLIRATTZ0 T 5 5404 2 A s O A R
IR AR 7 R Hlar ange BREEIEE — > NOTF AR YIS K 1) F AR BT 91, A SRER ISR A
BB K, XA E R IETFRETWAPK =, F152 b, AR OC TR iR
TR R B T U TR, T TWAPRI GRS AT .

t = np.arange(len(c))
print "twap =", np.average(c, weights=t)

SR LR TR IR E
twap = 352.428321839

TEXAMIF R, TWAPHIEEE 2 A AR IR E 5

REMLE: HEMNTEHE

ERRL VAT RS Fa BT VAIE o) S 40 T 0 A AT H ALY
(1) wei ght ed aver age

(2) waver age

(3) aver age

(4) avg

BHHA: TEEMGHEENTHE

W E R T ENMARR 93, It SRR A A B AP A 09 SEAR P 3918

3.7 HUESEH

T, FA AR RE — A P20, 3 A B R B B A L e 58 B 1 U
il —— B RAE AN/ IMEL . FRATHY B 18t o B 2005 7 R R A BN il —— e i Al e I
o (IR, FA DERE BERIIE R = U Y oA A R e AN s MEL. AR, FRATEREARERIIE A 2
ARSI 1 IS T W ?
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3.8 #MFLE: KEFEXEMS/IME
mi npRECHImax PRECRERS T L 750K o FRAT AN T 2D PR R BB A e/ IMEL
(1) B, WEBUGEALE, F45 H om0 AR AN AR A
h, | =np. | oadtxt (' data.csv',delimter=","', usecol s=(4,5), unpack=True)

M —T5 Z B usecol sSTINSEL, oy i M M5 2 AT Edis e R p g .
(2) T IR BT AT RN A X [H] -

print "highest =", np.max(h)
print "lowest =", np.mn(l)
FEITRER AR 4551

hi ghest = 364.9
| owest = 333.53

PTE, MR XER SRS S T, B A O 24042 .
(3) NumPyH 1 —~pt p BREAT LI R I BUE TS . 1% pREGR [ R B T R i e KA
M/ MEZ 2. WatEUd, R PMESE Tmax(array) - min(array). #Hipt pp&i%k.

print "Spread high price", np.ptp(h)
print "Spread | ow price", np.ptp(l)

FATHE BT E5R

Spread high price 24.86
Spread | ow price 26.97

L/ QN I A

FA T SC T A Y e R B AR/ IMEL A UL ] o e KRR AE B H e s 2L A FHimex R £
RN, M AR R AR H SRR A Hm n B0 2019 . A 18 Hpt p R B0 T2,
Rl A /ML [ R 22 £

import nunpy as np

h, | =np. | oadt xt (' data.csv', delimter=",", usecol s=(4,5), unpack=True)
print "highest =", np.max(h)
print "lowest =", np.mn(l)

print (np.max(h) + np.mn(l)) /2

print "Spread high price", np.ptp(h)
print "Spread | ow price", np.ptp(l)
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3.9 FitHh

WERAE oy % T A PIAR B HR . H RS URIRAT, X MR BLZ R TR, B
BOFSHERINCF- S AR AR R A b SR Tk . SR, ENTXE 54 E (outlier)
BEAE R ABUR . 2EERUL, WRFA A — A Ri510007 FOThHMEE, Sorsm BIA 11T
BER

3.10 HHFEEK: HBEZKITHH

FATAT LU —SE B ER R L 5 WA, (EHSCA HAr Tk, IR 8 28 i (E %
RANBFHES AR, TR — DR, & TES P B AR R R o b % filan, ATA L, 2,
3. 4, SXSMEUE, B EE AR T3, T et A8 IR

(@) PSR A AR I —ASHT Y PythoniiA SC:, fivgs lsimplestats.py . #RE Z%15H
Qe N CSV SO P O B8 h 1, DR R BB A — A7 A RS R O RO 1 i
A, W R

c=np. | oadtxt (' data.csv', deliniter='",', usecols=(6,), unpack=True)

(2) —~mifikmedi anfi RECKE IS BHFATHRE A 8. AT eIt B TENIEE R din
XA T -

print "median =", np.nmedian(c)

X BACH A N AR

medi an = 352. 055

(3) BEAR X IEFATE UKl FHmedi anpiflt, A DRAGE — FPAPRERIER . XAl AR
MIZEE! HAK, RATAT LA B2 SOOI 30—k JF AN TR BRSO A 5, (ROIRRE R0 T
AP O AR R I HE Y, I f R 5 E T R A B (A, X AR T SR P A R
$riko meor t BB LIRSS MR — 2 o FATRIAATX AR, JASHE R B8, I i
%%O

sorted_cl ose = np.nsort(c)
print "sorted =", sorted_close

X B Ak N AT
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KEFT, ABSARL T BUAE, BRI T 8] AR 7 -

N = len(c)
print "mddle =", sorted[(N - 1)/2]

AT

m ddl e = 351. 99

(4) ", XAEFned antREZG T EA M, X2EAP$H? SRz,
medi an pREGR ][4 45 5L AR A A FEBRATAEE SO B . XS AF RS T 7E45NumPy
A BAFEAC bughle s Z BT, FRATTFERFE T30k TR Mk HAR A 2 T . D DR ke F3RAT 1% a7 o
AR X B AT B B 2288 X TR A BB, TP B % 5 T Rl IR A4~
B, HL, AR,

print "average mddle =", (sorted[N /2] + sorted[(N- 1) / 2]) /I 2
F AR .

average mddl e = 352. 055

T

(5) AP —AFA G AR TT 25 J7 22 REB IR A TR AL o 7EFRATH G5,
J5 28 AT LSRR I KB AR/ AR LE M AL Bl iod Tl ZU A SR — i xR 3 Tl R AT
FENumPY 55 22 Al 2 —A70S, B R

print "variance =", np.var(c)
P AR EE R
variance = 50.1265178889

(6) BEARFRATTAARIE NUmPY ) BRI, AR AIE ORI SCRS 7 28 0 SORBE R — T AR R,
BT 220 SCATRESARTEGE AR BB BIA—2L, HX e ARGt LB

[ % T £ AR BRI L PR R F AT 20 B 2T O AR A BB A RO 17
k2R

— A RS URIRAT, W% B SO L5 s 22 - F

print "variance fromdefinition =", np.mean((c - c.nean())**2)

O FERREA T AT 2T LR . SR r 22 B A BOS BR S 22 F O R, TTREAR 5 22 W2 FREA
BB EBR 22O, HRREAREE BN L (Bin-1) B A B, ZFF DA IR 2E 0], 200 T IRIEREAR
Ji ZE— Tl W
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L e I
variance fromdefinition = 50.1265178889
ORI R 45 R

Rl AT ®H A4

PRATREE R T —Ye AR v, FoAT S 4 c LIHH Tmeaniidkc. mean() , 2&HY,
BB, ndarray G mean itk AU WBLZETFIR , 0TI R 16
TCiRI) o AAENRES AT L)L 7Esimplestats.py 14 3

i mport nunpy as np

c=np.loadtxt (' data.csv', delimter=","', usecol s=(6,), unpack=True)
print "median =", np.nmedian(c)

sorted = np.nsort(c)

print "sorted =", sorted

N = len(c)

print "mddle =", sorted[(N - 1)/2]

print "average middle =", (sorted[N /2] + sorted[(N- 1) / 2]) / 2
print "variance =", np.var(c)

print "variance fromdefinition =", np.nmean((c - c.nean())**2)

311 BREWREER

TESFARSCHR AR, WL A B0 70 M i R T IR R A B 2 3 A o T BRI AR AR AR AR
PEAMITAR Z RIS AR, T RO 52 A A BOW BUR T Z TR 221 . Bl 1w heye )
IO EAYARR, an BOEORE 07 BRI T “aikib” BOxE. P, XEoE AR dun]
PAHIRB RN AR R . R, i TUER RR—NHE, PInmIRATHSEokR AT (dunT U2
Fofb B Mgy ), NILERICEN . B, BRE RGN RN R T 2 sibniezs, Kol
BAREE BRI

3.12 ZhFEE: HAREREER

R A A e TE

(D) B, FAPRITERE PSSR, NumPy P Edi £ eRECRT DL [Bl—A~ HARAR B T R i 2=
(R PR BB . A S TR P . o TR, i 1 B 22 (R DA B — K
BIMHE . A X BETFRE, di ffREEE LN D— TR, dfranFz g, iM#E
JEER INNAVEE
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returns = np.diff( arr ) / arr[ : -1]
TR, AT M A D B s —MEMERE 3Tk, st diRBO bR
print "Standard deviation =", np.std(returns)

AR

St andard deviation = 0.0129221344368

(2) XHEO R E R A2 RATSEH og PREUS B BE— N X RL, T
Xob 2t S I di f £ pREENT

logreturns = np.diff( np.log(c) )

—BEOLT, FRAINAS A AR I R A S TG A, RSB — M RN
ASTEBA TG T 0, Bt B IE e, I AR DR A2 I 4

(3) FATAR AT REXSWRLERZ 5y H AN g O IE (AR BROGER . fE58nl T RN Z S, FRAT]
HFE Hwher e pREHE AT LMBE]IX — 5 wher e pREAT LURIEFE A2 19 A% 17 BT A5 196 A2 A5 9
HITRWRGT A FAIT A

posretindices = np.where(returns > 0)
print "Indices with positive returns”, posretindices

BIVRT i 128 P A IR R R T

Indices with positive returns (array([ O, 1, 4, 5, 6, 7, 9, 10, 11, 12, 16, 17, 18
19, 21, 22, 23, 25, 28]),)

(4) TER BT, Bsh (volatility ) SEXTAR S S 1 —FhEE & J7 Sk il Sl 48T LAAR IR D 2
MEAETHRAF T o THE T e sh A CAndERsh R ] Besh ) i, TR R, s
AT XEOR R R PR EZE PR ISLIE, FRRASC S B BB TR, JlH 285 HI252K , 3,
fiTHst dfimean R BCETTEE, RS ATTF PR

annual _volatility = np.std(logreturns)/np.nean(l ogreturns)

annual _volatility = annual _volatility / np.sqrt(1./252.)
print annual _volatility

(5) i s qr t ERECT BRI H 7EPythonth , BEEUBRIEFITE mUB BRI FALHIAS ]
TN T AUEHTE B RERF BIERI RIS R . SITRARB SR, R ARSI RINT

print "Monthly volatility", annual _volatility * np.sqrt(1./12.)
R AT 2t 4

FATHIH AR BT ZE i ffREOTR TR R, AR A CR AR R
| og R T X EOIER R . B, TR TARMsh R A ehR . /-l Wreturn.py SCHF



314 HFFE&K. HH B HHIE 45

i mport nunpy as np

c=np. |l oadtxt (' data.csv', delimter=","', usecols=(6,), unpack=True)
returns = np.diff( ¢ ) / c[ : -1]
print "Standard deviation =", np.std(returns)

logreturns = np.diff( np.log(c) )

posretindi ces = np.where(returns > 0)
print "Indices with positive returns”, posretindices

annual _volatility = np.std(logreturns)/np.nean(l ogreturns)
annual _volatility = annual _volatility / np.sqrt(1./252.)
print "Annual volatility", annual _volatility

print “Monthly volatility", annual _volatility * np.sqrt(1./12.)

3.13 HEH

IRIE A5 A I 5 A B A — A SEORE N ) PR BE 2 AR R T 02 152 R IZ 1%
M7 B XAEFHRABTTE o

3.14 zHhFKik: HWHEALEE

B, FATEAMEANEIE . b5, R8RSR AN EAE , I i Pk
JE, BATRH — R PR A s, WE—RAVEAR. ZERANSh T2, A%
RSN . VAT REA SR T A S R A — SR R S S, SR FRA T FE AR el A J2 LA
TSR, S I g o i AEAE e |

PP OB H I, A3 H I ECR ARG . NumPy & i [0 77 R B0z 50, RIS 22T H
WIS T TR B 3 AT ST AR, B g S A SR A AR B A S A

dates, close=np.loadtxt('data.csv', delimter=",', usecol s=(1,6), unpack=True)

PATLL B S 25A5 B — R -

Val ueError: invalid literal for float(): 28-01-2011

AR AL BRALE H Y

(D) 2ER, NumPyZ2i{ftl H G sz S 8 FRAT77 ZEM0d 2 22U 5 JRNumPy (B R R4 46
HIW, M FEE A oadt xt BREUF I —MFEENSE. XS H0Econverters, ERE—A
BRI RN PR TR A 7 B B 1 7 L

N, FATAUE H e R4
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# ER—
# OEMh-
# OEM=
# EZHw
# EMA
#OEZMS
#

d

a b wNEFE O

ZJ9H 6

ef datestr2nun(s):
return datetine.datetine.strptine
(s, "9%-%n %").date().weekday()

AT HIAVE A EAF 1245 dat est r 2numeR &L, W1 “28-01-20117, X/ NMFEAF R e i|
TREMIER" vd- v oor Hedli— 1 dat et i meXf4 4 FE— s, X J2 1 Pythondr i 2SR L Th Ak
5 NumPy TGk, G, dateti meXf@giiki dat ext4t. ffa, HHweekday Jy kiR Ml—4 4L
Fo MREMREERPERIN, XTI L2060 5%, ofCREM—, 6fCRAMK., MKk,
HARME I RS2, R AERRIE.

(2) Pk, FATHs H A s B 2, ARl RIS AR T

dates, close=np.|oadtxt('data.csv', delimter=","', usecols=(1,6), converters={1:
dat estr2nun}, unpack=True)

print "Dates =", dates

AR S

Dates = [ 4. 0. 1. 2. 3. 4. 0. 1. 2. 3. 4. 0. 1. 2. 3. 4. 1. 2. 4. 0. 1. 2. 3. 4. 0.
1. 2. 3. 4.]

WRFT L, VA LB AEIR . B RA IR,
() FA PR — L E SN ICR R, /3 5IE— A5 TAE B B TR0 6 R0,
averages = np.zeros(5)

XANEALE T IRAF A A H AN

(4) FATELHIE, wher e BRETSARYEHE E I AR 1A W L 25 BT R R 5 1.
t ake PREICH] DA B SE 325 | A UL AR DT R o FRAT TR HIt ake rREICE RIS A TAEH
B o TE T BRI, B PEE 7 0% 40 H PRI, o3 vt Uy 2 — 2 2 1, SR
J& Hwher e BEUE 314 TAE H RS MEIFAARETE ndi cesBH . 76 It ake BRER BUX 625 [
FARITTRE . fem, AR TAE R S A s fEaver ages Bz b, AT .
for i in range(5):
indices = np.where(dates == 1)
prices = np.take(close, indices)
avg = np. nean(prices)

print "Day", i, "prices", prices, "Average", avg
averages[i] = avg
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L e I

Day O prices [[ 339.32 351.88 359.18 353.21 355.36]] Average 351.79

Day 1 prices [[ 345.03 355.2 359.9 338.61 349.31 355.76]] Average 350.635

Day 2 prices [[ 344.32 358.16 363.13 342.62 352.12 352.47]] Average 352. 136666667
Day 3 prices [[ 343.44 354.54 358.3 342.88 359.56 346.67]] Average 350.898333333
Day 4 prices [[ 336.1 346.5 356.85 350.56 348.16 360. 351.99]] Average 350.022857143

(5) SRR, AT LAFR A TAE H B E I R i, B R Rdfn . XRE S
&), HmaxFm nRZBPa], AT .

top = np.max(averages)

print "H ghest average", top

print "Top day of the week", np.argmax(averages)
bottom = np. m n(aver ages)

print "Lowest average", bottom

print "Bottom day of the week", np.argm n(averages)

i EERIE

Hi ghest average 352. 136666667
Top day of the week 2

Lowest average 350.022857143
Bott om day of the week 4

L QN 1 A

ar gm npREGR [ JEaver ages B4 TR/ NTE MRS A, X 24, Wt EEM . Wi
ar gmax pREGR Pl jRaver ages AL i ROGRE MRS IME, XHZ2, Wytd2 il =, wEftm
Il weekdays.py 3.1

i mport nunpy as np
fromdatetinme inport datetine

# 22—
# 2=
# o OEd=
# 2Hw
# EZHE
# 2SS
# 2B 6
def datestr2nun(s):

return datetinme.strptinme(s, "%l-%n %").date().weekday()

a b wbNEFE O

dates, close=np.loadtxt('data.csv', delimter=","', usecols=(1,6), converters={1:
dat estr2nun}, unpack=True)
print "Dates =", dates

averages = np. zeros(5)

for i in range(5):
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indices = np.where(dates == i)

prices = np.take(close, indices)

avg = np. nean(prices)

print "Day", i, "prices", prices, "Average", avg
averages[i] = avg

top = np. max(aver ages)
print "H ghest average", top
print "Top day of the week", np.argnmax(averages)

bottom = np. m n(aver ages)
print "Lowest average", bottom
print "Bottom day of the week", np.argm n(averages)

BEHA: TEVWAPHITWAP

K—P RN EIRAAR! ETORETY, FOERREFEENAARME TN — RN EN =2
FAAEN— K, AREBRMNOKBEA S, BE—TAEFHLAEG I EHMEGF X &
MARE B IEZH BRI ER? o Rt FoT R ARG -3 ER R A ZA ZELR? zik—Tre!
i EVWAPFRTWAP, RTAERFT T K35 KE] — i X a4 7,

3.15 RliCa

TEZ R “ShFsepk” Foferh, JOTHAREE R WAy, KSR — BRI
Sy BRI EAT R o ISRARXIARAE R IEOGHR, I AR AEREE, /R AT REA B0 Kl fdtt—
AP EAEST . THRBITIE . BADRICSE R BRI A AT

TP EE S22 5 Jl v R — B el To R i A i . i B s A ] BON A — ST (R H
2H22AAHRRGLEH . XKREEY—, SEREBAAT, RN 2R GIEE 3 X — K
Bllmic s, B s — Oy BRI, PRI, SR T AL BRI S AR

(D) M TR, TR R = AR, SRRSO R SS . ARaT
AR i a0 HE A T o

cl ose = cl ose[: 16]
dates = dates[: 16]
RIS HET3.1475 3R

() BIBENRKE RO H A — DR —. [BZ—T, fEPythonHt LI X0 i1 2 it
20, X ] LI wher e RELIZF o 353 , FRATEBUR B PR E IoR, HR T HE N0, {Hwher e
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PREGR MY 5RO — D 248, I E I avel sRECK R

# KRB F—AN2—
first_nmonday = np.ravel (np. where(dates == 0))[ O]
print "The first Mnday index is", first_nonday

F AR IE -
The first Monday index is 1

(3) THEMA R B RGBS G — R R, MRS — R 2. B HAR
PR 4, BESh, BATH-LE %5 I S S R — 1 TE K
# RERBE—ANZHA

last _friday = np.ravel (np.where(dates == 4))[-2]
print "The last Friday index is", last_friday

F AR IE -
The last Friday index is 15
FETREIE— B, HIT AR =N R — R RGE.

weeks_i ndi ces = np.arange(first_nonday, last_friday + 1)
print "Weeks indices initial", weeks_indices

(4) IR BT RASIICR, Hspli t BRI -

weeks_i ndi ces = np.split(weeks_indices, 5)
print "Weeks indices after split", weeks_indices

iy 25 5R AT

Weeks indices after split [array([1, 2, 3, 4, 5]), array([ 6, 7, 8, 9, 10]), array([11,

12, 13, 14, 15])]

(5) FENumPy 1, B B4k BB FRVER . PRAETRA DR K — T appl y_al ong_axi sPR%L.
A PRECT T3 A — S FAI4 v R g, ER TR — R . BRI A3
MICE, SR TR R T 3 B, ST AR T HEX R TR B E T LR FETE
appl y_al ong_axi sBHEHEFRATA & LAY summari ze, Ff48 e LE/E H S 4E B 10 g5
(4nEx1). EArEd LS AT 2R s unmar i ze BRI S

weeksummary = np. appl y_al ong_axi s(summari ze, 1, weeks_i ndi ces, open, high, | ow, close)
print "Week summary", weeksummary

(6) diEsummar i ze PREL, ZBRECK B — R EHER Pl — oo dl, X — IR
. AN, RRIT R R EE .
def summarize(a, o, h, I, c):
nonday_open = o[a[0]]

week_hi gh = np. max( np.take(h, a) )
week_| ow = np.mn( np.take(l, a) )
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friday_close = c[a[-1]]

return("APPL", nonday_open, week_hi gh, week_|low, friday_cl ose)

TER, FATIt ake RECKARIE R 5 AR TR 1E, I HmexcRim nsRECRAATHE 1 —
i) 4 85 i PR A AN B AR IBEANY o — o] A I A0 B A Jol — O 38, i — o e A0 B A o] AL o
Veek summary [['APPL' '335.8' '346.7' '334.3' '346.5']

[ APPL" '347.89" '360.0" '347.64" '356.85'"]
["APPL" '356.79" '364.9" '349.52' '350.56']]

(7) i FINumPyH (savet xt pREL, BB IRATE 250

np. savet xt ("weeksumary. csv", weeksummary, delimter=",", fnt="9%")

ISR, BATHEE 1T304 | 7 BRI A | e BRAT (FEIX 5 P R 9 S0 A
5 ) LARAFEEF s s 2

HAFRFR U TSI TR MIRE AT - FOREIRAEXSE, 0FR
ZesiiAh0, +FRE AT (IET+8(65- ). 3 =M A AT ik S EE S, Fonki i iR
PR HEPURR I RRTEEAR AT, LI ITSk, JRHIR— D 2om R R R m B — 2R E T
R, TEFRATBIGI T PaE N AT R,

IR ' X
c BAAFLY
ki TR SRR
emE LB FOR 7 H AR
f RIS
gmiG HalifEe, ERIf PIPEEIE RN
0 IR 5 B
s FAFHR
u T TR AL
Xk NI TA S

PR ARA SCAS G A A TOT WIS, e A AT Fhdm A R i -

cat weeksummary. csv

APPL, 335. 8, 346. 7, 334. 3, 346. 5
APPL, 347. 89, 360. 0, 347. 64, 356. 85
APPL, 356. 79, 364. 9, 349. 52, 350. 56

AT At A4

B AT 5E B Y 251 7E HA g AR B S LR R IE SR . BATE X T — A4 R B
summari ze, EEVERNSEILL T appl y_al ong_axi s BR%L, TMisunmari ze 142 %t i i
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appl y_al ong_axi sZEF F ARG Tid 2% o RS Wweeksummary.py SC7F

i mport nunpy as np
fromdatetinme inport datetine

# E2H—
# 2=
# o Ed=
# OEHW
# EiA
# 2B 6 3

def datestr2nun{(s)

return datetinme.strptinme(s, "%l-%n %").date().weekday()

a b wbNEF O

dat es, open, high, low, close=np.l|oadtxt('data.csv', delimter=","', usecols=(1, 3, 4,
5, 6), converters={1: datestr2nun}, unpack=True)

cl ose = cl ose[: 16]

dates = dates[: 16]

# get first Monday
first_nmonday = np.ravel (np. where(dates == 0))[ O]
print "The first Mnday index is", first_nonday

# get |ast Friday
last _friday = np.ravel (np.where(dates == 4))[-1]
print "The last Friday index is", last_friday

weeks_i ndi ces = np.arange(first_nonday, |ast_friday + 1)
print "Weeks indices initial", weeks_indices

weeks_i ndi ces = np.split(weeks_indices, 3)
print "Weeks indices after split", weeks_indices

def summarize(a, o, h, I, c):
nonday_open = o[ a[0]]
week_hi gh = np. max( np.take(h, a) )
week_l ow = np.mn( np.take(l, a) )
friday_close = c[a[-1]]

return("APPL", nonday_open, week_hi gh, week_low, friday_cl ose)

weeksumary = np. appl y_al ong_axi s(summari ze, 1, weeks_i ndi ces, open, high, | ow, cl ose)
print "Week summary", weeksummary

np. savet xt ("weeksumuary. csv", weeksummary, delimter=",", fnt="9%")

BEHA: iR

AR AY, & LA AR TR BART 69t oL, AR BAT IR RE 54T, % %appl y_al ong_

axi s B E R ek % ik BRI,
|
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3.17 EXLEIEEHE (ATR)

ATR ( Average True Range, HLSCHBHIREEIIE ) &— D HIRIT R B S E AR IE R
ATRIGHAIFFAEE S, FURAE R LANumPy R 1, fffimaxi mumeRi %8

3.18 #FLE: HEELKINEENE
NI T PRI R S S iR MR
(1) ATRZFHE TN 5 H iy i N FAR A 2B AT T3y, W R iz 20132 5 H .
N = int(sys.argv[1])
h = h[-N]
I = 1[-N]
(2) FA AT ERE T — 525 H
previ ouscl ose = c[-N -1: -1]
MFR—NESH, HHEUT &I,
Qh — | HHEMEE, WY RSN MR Z 2%,

O h - previousclose HEFNAFT—N55 HIEEAMNZ 2.
Q previousclose — | Fi—12 5 HIEMNM Y H &AM 2 2.

(3) max PREIGR MBI e KRB 5T LR 3AEUE, AR T i B S0 3
B, R = IR RAE . IUAETRAT AR — 0 2 (R4 RO R Pkt i R —— e e T
HEE 2R — AN To R KA L 58 Ao R KA S . ik, T2 HINumPy i maxi mumeRi %K,
A E=max PR

truerange = np. maximum(h - |, h - previouscl ose, previousclose - I)
(4) BlEE— K N B dHat 1, IR BT R MO,

atr = np.zeros(N)

(5) XMBUEHI E A ICE Lt ruer ange$H ICE I FIME .,

atr[0] = np.mean(truerange)

A A A AR TR A -
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X H, PATRZE/RHT— 1285 HWATRIE, TREDS H 19 B2 )% Sl .

for i inrange(l, N:

atr[i] = (N- 1) * atr[i - 1] + truerange[i]
atr[i] /=N
R AT et A4

FNTA L T 3NE, SR Bl ——24 H i el 24 H e i FET— 32 5 H:
W22z, URRET—55 HYEEN RS H AR 2 22 . IR sh 7a i, datbsh
PERIR/DN o ATRIGFIE ZORBATH I =F AR AE . T2 A mex ek B BB HH— KL i
MERARTCRA, IFEX BT ER . FA T B Z APkt — o RS FRYRRE, W
SR TE T B P — AN TC R IR . B AN TR RS, 703X T “Bh TS #
b, BT TR e muneR O] USRI — i e, FATRIG R — R B SR sl i@ B T3
H— RSP 7S Watr.py ST

i mport nunpy as np

i nport sys

h, I, ¢ = np.loadtxt('data.csv', delinmter=",", usecols=(4, 5 6), unpack=True)
N = int(sys.argv[1])

h = h[-N]

I =1[-N]

print “len(h)", len(h), "len(l)", len(l)
print "Close", ¢
previouscl ose = c[-N -1: -1]

print "len(previousclose)", |en(previousclose)
print "Previous close", previousclose
truerange = np.maximun{h - |, h - previouscl ose, previousclose - |)

print "True range", truerange

atr = np.zeros(N)

atr[0] = np.nmean(truerange)

for i in range(l, N):
atr[i] = (N- 1) * atr[i - 1] + truerange[i]
atr[i] /=N

print "ATR', atr

TEREJE A, Bl P2~ AT R s P S (B T ik



BEH%: =ilni ni numE L]

P2 7 maxi mum £, NumPy ¥ 38 8 — /M mi ni mumi 46 AR TR 245 3] T XA R it
AR — DB R R IPython P 6] 3 — AN aiE, VLERAAREGIE AL,

3.19 EEBITHL%

A AR B 128 (simple moving average ) i T4 #r it fal P51 _EAG%dE . S TiHEE,
AT ELE L—NAD IR sh i 1, FERATIE T EINASS S H o B AT B[R]y 5103 3
NG T, R N EdE .

3.20 HIFLHK: HEHEBIHTHE
B S T4 2 U /0B £ 0 RN 40 bR 5B TT R A L LG T INUmPy R 9 i

Fe——convol verki%lt. ARSI FZ N RIS AR R R BB, 458, dn]
PURAN AL

-l BEBAESHTRE T — A E LB, 8 — AR Bt b T 50 B
\?E/ — BB AR AR

IR PR RS B

(1) ffifones PRELBIE— MR EEINIITCER IR N AR, SRR XTREABBRIN, B
AR, AR PR

N = int(sys.argv[1])
wei ghts = np.ones(N) / N
print "Weights", weights

FEN=5], HrhgiRun T .
Wights [ 0.2 0.2 0.2 0.2 0.2]

(2) fli HX EeAE(E, JHHconvol ve R4 .

¢ = np.loadtxt('data.csv', delimter=","', usecol s=(6,), unpack=True)
sma = np.convol ve(wei ghts, c¢)[ N 1:-N+1]

(3) FfiTMconvol ve rRBGR I ECEH B R AN R AT T i A 1 2
— I AR, JHEFvat pl ot | i bFEAT2 Rl AT TR a2 T IX N B

O BT MG USSR A X, ——IF#
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¢ = np.loadtxt('data.csv', delimter=",', usecols=(6,), unpack=True)
sma = np. convol ve(wei ghts, c¢)[ N 1:-N+1]
t = np.arange(N - 1, len(c))

plot(t, c[N1:], lw=1.0)
plot(t, sma, |Iw=2.0)
show()

TE R IE R, AT M Z R (S H R B - X2k, g PR i AR 1 2 (192 B R i
ﬁ{f\o

L/ QN 1 A

FATHE TR BRI R PR S T4 By, IRESR TIREZMRIR, IRHE m$$§
LT LG S A AR i —— S5 UNBIACE T BRI, N EEHE AN
162 >] T ones pREXH YL, BRI LAGIE TR 1A%, L Jeconvol ve iRi%L, 1‘[‘%~iﬂ§&
P S8 E B, RIS Wsmapy SCiF:

i mport nunpy as np

i mport sys

frommatplotlib.pyplot inport plot
frommatplotlib.pyplot inport show

N = int(sys.argv[1])

wei ghts = np.ones(N) / N
print "Weights", weights

¢ = np.loadtxt('data.csv', delimter=",", usecol s=(6,), unpack=True)
sma = np.convol ve(wei ghts, c¢)[ N 1:-N+1]
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t = np.arange(N - 1, len(c))
plot(t, c[N-1:], Iw=1.0)
plot(t, sma, |w=2.0)

show()

3.21 BT

4T RIBAR B2k, Fe5R 5 14k (exponential moving average) & —FhifiATHOH A
BhR o TRBRE B Y 24 FH AR 8 B sl o X S b R0 A G A AR DA B0 B /N
{EIKIEANZFNIR0, FoA PR AE T BAE i R P 2: > exp Ml | nspacerRi%l.,

322 #HMFLE: IHFEAEBH T
Ui — L, expBRECT LT BT R IGHORC B, 7 F AR

X = np. arange(5)
print "Exp", np.exp(x)

F AR
Exp [ 1. 2.71828183  7.3890561  20.08553692  54.59815003]

| i nspace FREUT . —MERIGEM DL ILESE, DUTERITR NS, R b
— MICEREAEARE B N 2 A AR . AR s

print "Linspace”, np.linspace(-1, 0, 5)
LRIERE SN

Li nspace [-1. -0.75 -0.5 -0.25 0. ]

T IEFRA R R IR AR RS BT A 2

(1) i J2: [ B (T ——3X i FHlexp Fll | nspace FRi%K .

N = int(sys.argv[1])
wei ghts = np.exp(np.linspace(-1. , 0. , N)

(2) XANEAE M —fRAb B, FRAPEH Endar r ay X & 1sumiy i

wei ghts /= wei ghts. sum()
print "Weights", weights

TEN = 5If, FATHF R AR T »

Wei ghts [ 0.11405072 0. 14644403 0.18803785 0.24144538 0.31002201]
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Q) P RIARES 1, Tl ] R E AL AR AL S P — A5 27 2] Bl fconvol ve pRii Rl
] [RE, FATIE R R ok
¢ = np.loadtxt('data.csv', delimter=","', usecol s=(6,), unpack=True)

ema = np.convol ve(wei ghts, c¢)[ N 1:-N+1]
t = np.arange(N - 1, len(c))

plot(t, c[N1:], lw=1.0)
plot(t, emn, |Iw=2.0)
show()

T TR T BB AT 6] 552 T RE | RIR HOBE T R i SR B T 128
TR AR 1 A2 1 2 L

L/ QN 1 A

BTATTWEM B THR B s 4, Bk, AV HexpHl i nspacerR¥i15: 1145
B AR . 1§ nspace PREGR PR — N ICREB S A, MERATTE R eI
188, N TR SR E T —k, FATE T ndar ray W2 Bsumiik . G, FATER T
TERTTE A AR S — 45 th 22 S B fconvol ve %L, HZITEISER L4, R I
Dlemapy L.

i mport nunpy as np

i nport sys

frommatplotlib.pyplot inport plot
frommatplotlib.pyplot inport show

X = np. arange(5)
print "Exp", np.exp(x)



58 % 3% FRRK

print "Linspace", np.linspace(-1, 0, 5)

N = int(sys.argv[1])

wei ghts = np.exp(np.linspace(-1., 0., N)
wei ghts /= wei ghts. sum()
print "Weights", weights

¢ = np.loadtxt('data.csv', delimter=","', usecol s=(6,), unpack=True)
ema = np. convol ve(wei ghts, c¢)[ N 1:-N+1]

t = np.arange(N - 1, len(c))

plot(t, c[N1:], Iw=1.0)

plot(t, emn, |w=2.0)

show()

3.23 ik

At (Bollinger band ) SG=—FEARTE R, 21, BEENTIIEA KT LT ARz R
Aty & LU BB 294 - kg (John Bollinger ) (944 Fan44 1, FHLAZImANKS B gh i IX ] . A
Aty A BEAR R R = AR UE R PRI (P L R4 ),

Q v R IEL,

O b4 WRTRE T2 s A R 22 O BE BT . X HL AR UE 22 SR AR TR AT SRAS Bl T 1 46
Jt R OB 22

Q T4 R PRSP AR PG AR 22 I

3.24 EHFLEK: LFHMT

BATE &R THHE R AR L, WATE, 153201 “shTLk.: 118w
PRSP INES . BT R B TR ANumPy g 1L e, £ L1 eRER] DL T &
FE LTS B — e 2 bR, ERPITHEE L Harray. flat = scal ar B G
DB R B v T, 3 BRAN T AP SR il A RS o

(1) ®AMCEA A% T s, (75 1R IFZ S i, FRATE 2
DR SL A SC RO 5 . Bn TR SR, T HAR R . TER, MRS S ki,
FA T AT A — B AT S A E Z [ A 25 ARV FINUmPy , FRAT TR BE# I BT A
AR FOT B — I AR (B B0, NumPy R i |1 BT LU T R (8 58 42 AH TR
AR T RIEFRATE 2 — 20030, MRWAE £ T IXMERRNTEZRIP IR,

deviation = []
C =len(c)

for i inrange(N- 1, O:
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ifi +N<C
dev = c[i: i + N
el se:

dev = c[-N:]

averages = np. zeros(N)

averages.fill(sma[i - N - 1])
dev = dev - averages

dev = dev ** 2

dev = np.sqrt(np. mean(dev))

devi at i on. append(dev)

deviation = 2 * np.array(devi ation)
upperBB = sna + deviation
| ower BB = sna - deviation

() AN AL A A (AL, FRAPRAESE 9T 27 S 22 R T Y RIR ):

t = nunpy.arange(N - 1, O
plot(t, c_slice, 1w=1.0)
plot(t, sma, |w=2.0)
plot(t, upperBB, |w=3.0)
plot(t, |owerBB, |w=4.0)
show()

TR FRATH 7R PRz 0 R B AT AR o P VAR A AR F 2 i) R B R AW o, T
RO — AR P — S 270 B I - R R FRRS BlF 246

R T it 4
FANTHEA PR LI AR T AR . B ERR, AL T 7 NumPyrbfi |1 R
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%o RREOT LU — M8 E BObR i (TR, PR (R i 11 R — R 2 R
15 W bollingerbands.py 3¢ 14

import nunpy as np

import sys

frommatplotlib.pyplot inport plot
frommatplotlib.pyplot inmport show

N = int(sys.argv[1])

wei ghts = np.ones(N) / N
print "Weights", weights

¢ = np.loadtxt('data.csv', delimter=","', usecol s=(6,), unpack=True)
sma = np. convol ve(wei ghts, c¢)[ N 1:-N+1]
deviation =[]

= len(c)

for i inrange(N- 1, O:

ifi +N<C
dev = c[i: i + N
el se:

dev = c[-N]

averages = np.zeros(N)

averages.fill(sma[i - N - 1])
dev = dev - averages

dev = dev ** 2

dev = np.sqgrt(np. rean(dev))

devi at i on. append(dev)

deviation = 2 * np.array(deviation)
print |en(deviation), |en(sm)
upper BB = sna + devi ation

| owerBB = sma - deviation

c_slice = c[N-1:]
bet ween_bands = np.where((c_slice < upperBB) & (c_slice > | owerBB))

print | ower BB[ bet ween_bands]

print c[between_bands]

print upper BB[ bet ween_bands]

bet ween_bands = | en(np.ravel (bet ween_bands))

print "Ratio between bands", fl oat(between_bands)/Ien(c_slice)

t = np.arange(N - 1, O
plot(t, c_slice, lw=1.0)
plot(t, sma, |w=2.0)
plot(t, upperBB, |w=3.0)
plot(t, |lowerBB, |w=4.0)
show()
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BN % HMAEHBTE%

AAVB B 18 S A5 3 T 3 R AE A Ak 09 P AR L T ASR BB B TR KA LR AL R —
FrRATOBOR, RRENFEC BT, R EZR T, RTRAERAFT PRI SEHTH

PR —TFfi || R PATIR E AT A Aarray. flat = scal ar & AR
FALTRAL G 77 ok T B

3.25 ZxIMHRAE

VP RLEIE T R 2 P B 56 R AR NumPy /Y1 i nal gfa 2 T T80,
A TAERET—MBGE, 2 — s ] DUARTENAS Z B A48 R P MR R A5

3.26 FMFRE: ALERETN M8

FAThh BARSE, — Bt LU Z BB R PR S R ik, Wit X5 T2
R M 545 A 1Y R BT E RHEOM AN EE R, X2 REUEFHLEIRA PR E 1, THEMEABIAR
WOk, XHURM— DAL, PRI,

(1) B, RSN R A &b .

b c[-N]

b b[::-1]

print "b", b

CIRELE ST

b [ 351.99 346.67 352.47 355.76 355.36]

(2 B2, WIIRTE— NN 4EEIA, TR 2RO,

A = np.zeros((N, N, float)

print "Zeros N by N', A

Zeros Nby N[[ 0. 0. 0. 0. 0.]
[ 0. O

[eNeolNeNe]

0. 0.
. 0. 0.
. 0. 0.
0. 0.

coeo
coo

]
[ y
[ y
[ 1]

(3) =4, Ml NN BN A,

for i in range(N):
Ali, ] =c[-N-1-1i: -1-1]
print "A", A
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BAE, BUHAZERL T3k

A [[ 360. 355.36 355.76 352.47 346.67]
[ 359.56 360. 355.36 355.76 352.47]

[ 352.12 359.56 360.  355.36 355.76]

[ 349.31 352.12 359.56 360. 355. 36]
[ 353.21 349.31 352.12 359.56 360. ]]

(4) FATTHY E AT S b RS 2250, DUt INE 5 A ), AT i nal g
P st sqpRECR SEMIXMES

(x, residuals, rank, s) = np.linalg.lstsq(A b)
print x, residuals, rank, s
AR S

[ 0.78111069 -1.44411737 1.63563225 -0.89905126 0.92009049]
[1 5[ 1.77736601e+03 1.49622969e+01 8. 75528492e+00 5. 15099261e+00 1.75199608e+00]

IR I TCH AL 5 A G E B R B fx . — MRS . ANERLL AR AT RE

(5) —HAFR T LMAAI R R AL, FROTHUAT LAFOI R — kB BAr 7o 8 HINumPy i dot
PRSI AR AR B 5 B NSRS R ) T 2 7 5B (dlot prodiuct ),

print nunpy.dot (b, x)

XA AU ] EE HIREE AR LR 2 &, BB ) xRt AT BT 4528

357. 939161015

ot T — Mgk, F—12h) HEbrrE i 353.56. AL, FATHIN = SHh i i &5
VA 2RI,

AT At A4

FATHE TR . IR ERAR, RATRAT DR RARIR T IRE, EXABEZ A
IERRIAETE L AT BN T ST T — AR, 25 4 il [ A B T — et Ek n]
A, NumPy LD nal gL AT —N st sqeR%EL, HBIFRATR I T AR i ——BP Ak T2 P AR Y
RS, 7RISR T, TN PR R E0% T NumPy P i dot pREI, a2 [ 9 i 7 e ) 1
TR . A EHES ULlinearmodel py SCIF .

import nunpy as np
import sys

N = int(sys.argv[1])

¢ = np.loadtxt('data.csv', delimter=",', usecol s=(6,), unpack=True)
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c[-N]
b[::-1]

b =
b =
print "b", b

A = np.zeros((N, N, float)
print "Zeros N by N', A

for i in range(N:
Ali, ] =c[-N-1-i: - 1-1]

print "A", A
(x, residuals, rank, s) = np.linalg.lstsq(A b)
print x, residuals, rank, s

print np.dot(b, x)

3.27 #B%

L, R E S _EARZ Pl iR R 2 s 2 o B L, AL 1R
RASAC I 1L 22 I RATFEAR B T2l ek , B FRATAT LIETH SR BhF A 115
TERX—TTHERE T, FAPRARR 7 5 Ik e, nTRErE P if P A RARZAL, H
XN RERE S 1 S B AR TR AE

3.28 mhFLEK. LHEE%
IR SR ALk .

(D) H5L, BATERE RO, X, RAOMBENETRE . RN AN
AR fEL

h, I, ¢ = np.loadtxt('data.csv', delimter=",", usecols=(4, 5 6), unpack=True)

pivots = (h +1 +c¢c) / 3
print "Pivots", pivots

ML LR A A, BATT AT LAHE St i A BEL Ty L A0 ST o BEL R4 IR b it 38 21 B
1, TERERRATR B NS s SCEEALIETR M T RRIN BB 3%, TSR AT R AR A% . 7 2R MR
&, AN ASEERIFAER AR, ENTRR— Ml TR, JAOTT L2l
BELT3 (S0 SCHEA A o FRATTAE SO B BEAN DX 1) Fepm i S e AR 2 25

(2 &L —REH ELy= at + DRIIGEDE, ZREBNER R a b, X BT ERRH
F)li nal gfu vl st sqridlit. HELITBRES y = AxpiE, HbA = [t 1], x = [a b] .
ffifHones_| i kefllvst ack FRECKIESALA,
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def fit_line(t, y):
A = np.vstack([t, np.ones_like(t)]).T
return np.linalg.lstsq(A vVy)[0]

(3) MBS AEMK AT 5 — 1> 24 HBA XA A2, i BEL I o ZEAk il b7 —1> 2 H i
WrIXIRIAI AL &, PRt SCEERLFIBE I A 2

t = np.arange(len(c))

sa, sb = fit_line(t, pivots - (h - 1))

ra, rb =fit_line(t, pivots + (h - 1))

support = sa * t + sb
resistance = ra *t +rb

(4) B HIRNC L5015 T el aAL R 2 edE .. B2, RITEghd -T2
AR SIS SRR I A2 22 (6] AR, AR B —/ N B X M A L 2 (8], SRR
BOEA B L WE A HIWEEE LU SO BB Z E A, VE Awher e IS HL

condition = (¢ > support) & (c < resistance)

print "Condition", condition
bet ween_bands = np. where(condition)

AT SR8 2 P 6 A 20 £

Condition [Fal se Fal se True True True True True Fal se Fal se True Fal se Fal se
Fal se Fal se Fal se True Fal se Fal se Fal se True True True True Fal se Fal se True True
True Fal se True]

S A — T BAAIUE

print support[between_bands]
print c[between_bands]
print resistance[ bet ween_bands]

R, wher e PBREUR [\ 8 & — ARk R 20008l , R 7E L ensR B RiTG Z208 Hr avel pREL,

bet ween_bands = | en(np.ravel (bet ween_bands))
print "Nunber points between bands", between_bands
print "Ratio between bands", fl oat(between_bands)/Ien(c)

S EEGEY IR

Nunber points between bands 15
Rati o between bands 0.5

FATEIFEN T —DEIMNR . — AR o FATRT LA MR B R — 152 5)
H BB IS

print "Tonorrows support", sa * (t[-1] + 1) + sb
print "Tonorrows resistance", ra * (t[-1] + 1) +rb

FHZERAE

Tonorrows support 349. 389157088



328 #HF L& LhHEELK 65

Tonorrows resistance 360. 749340996

WA, A 53— TS S A ARE ) 37 22 (B B D59k . ] AP nt er sect 1d
PR, TE[ ] RAERT LTE SORIBURE, SR i nt er sect 1d BREG TR E AR

al = c[c > support]
a2 = c[c < resistance]
print "Nunmber of points between bands 2nd approach" ,len(np. intersectld(al, a2))

WMFATIRL, BERSERAT

Nurber of points between bands 2nd approach 15
(5) FATHFUCH A5 R ok, AF FiR

plot(t, c)

plot(t, support)

plot(t, resistance)

show()
A RAT B s, Hr g & 1 B EeiE L KRR (4 S £ AIRE 77

R T 2t A4

BATHNumPyim T 3Lk, 85 TR B MRS, FATE LT — N HEZM
BEARR %, HAHRINumPy T vst ack . ones | i keflll st sqrR%, IIEETE2 N 17153
SCEENTFNBH I AR AR T R o BfS , FRATTRPIRRAS R 7k 38 T 2 /DA 5 7%
TSNP Z [BIAJa RN, R8I T — 3 a2k,
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S —Fp L Fiwher e pPREICRT— AN 45k 28 R | BRAERF AN nt er sect 1dpR
. i ntersect 1dREGR IPl—A> ML T A Lo 2 any g . =B85 Wirendline.py
S

import nunpy as np
frommatplotlib.pyplot inport plot

frommatplotlib.pyplot inmport show

def fit_line(t, y):
A = np.vstack([t, np.ones_like(t)]).T

return np.linalg.lstsq(A vVy)[O]

h, I, ¢ = np.loadtxt('data.csv', delimter="," , usecols=(4, 5, 6), unpack=True)
pivots = (h +1 +c¢c ) / 3
print "Pivots", pivots

t = np.arange(len(c))
sa, sh = fit_line(t, pivots - (h - 1))
ra, rb =fit_line(t, pivots + (h - 1))

support = sa * t + sb

resistance = ra * t + rb

condition = (¢ > support) & (c < resistance)

print "Condition", condition

bet ween_bands = np. where(condition)

print support[between_bands]

print c[between_bands]

print resistance[ between_bands]

bet ween_bands = | en(np.ravel (bet ween_bands))

print "Nunber points between bands", between_bands
print "Rati o between bands", float(between_bands)/Ien(c)

print "Tonorrows support", sa * (t[-1] + 1) + sb
print "Tonorrows resistance", ra * (t[-1] + 1) +rb

al = c[c > support]
a2 = c[c < resistance]
print "Nunber of points between bands 2nd approach" ,len(np. intersectld(al, a2))

plot(t, c)
plot(t, support)
plot(t, resistance)

show()

3.29 ndarray MEBIAE

NumPyH féndar ray 285 X TIFZ ik, ATDAERHAT S L E30E . B IEN T, Xy
BRI — N . RATREC LR R T, 1R 2 NumPy R ZCER A X Nz 19 A [R] 19 44 S AT E 1Y
ndarray X4, X 22 i NumPy & JE iR b i Dy s J5E PR i o
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ndar r ay X207 A S £ RATIC A HE— 44 RT3 2 ffvar .sum.st d.ar gnax .
ar gm nlA Kmean si i ndar r ay .

BB ITRIRAES LT — T P RINE

3.30 FhFILEK. FABESTFEYE
XHAH /DM Hndar ray EHIT . HANT AR E S8 BT R4

(1) cl i pIr kil Fl—MESTIL OB, WAL A B DR R HTE R MR A
BRI, AT 2 2 i ML /NI TE 2 R 247 ML, I, 8 P15 2010514
S O T

a = np. arange(5)

print "a =", a
print "Cipped", a.clip(l, 2)
LTSI

a=[01234
Clipped [1 12 2 2]

(2) conpr ess Jy iR [Bl—ANRHE 45 8 S E J5 84 . il .

a = np.arange(4)
print a
print "Conpressed", a.conpress(a > 2)

FHERATE

[0 1 2 3]
Conpr essed [ 3]

R T 2t A4

AR T — 1023 A% Ha, RIGTHHconpr essTrikIf4aE 55Fa > 2, MR
TIZBA R RF— T IURS,

3.31 M

R BT BRI BT, ORI ME4E .

3.32 HFKE: iHEME
ndar ray 25 —prod ik, AILGHEEAH TR TR M, i AR
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() B8, Wik, e m—A1~8 R EE AL, JFIEHpr od k.
b = np.arange(1, 9)

print "b =", b
print "Factorial", b.prod()

PRAT LT fe A — T 45 R 17 IR -

b=[12345617 8]
Factorial 40320

BARAES, B A0SR IRAT AR ANIE 1~811% I A7 B e (Ve 2

(2) B! JEHcunprod ik, AR TR K BEEREL
print "Factorials", b.cunprod()

TR A — TS5 .

Factorials [ 1 2 6 24 120 720 5040 40320]

N AT 24t 4
FA 1M Hpr od Mcunpr od Hi1E T e, < FI1EAS W ndarraymethods.py SC4:

import nunpy as np

a = np. arange(5)
print "a =", a
print "Cipped", a.clip(l, 2)

a = np. arange(4)

print a

print "Conpressed", a.conpress(a > 2)
b = np.arange(1, 9)

print "b =", b

print "Factorial", b.prod()

print "Factorials", b.cunprod()

3.33 AKZE/NE

ARFEIRAT2E 2 TIRZH HAINumPY R %, FRATTHI oadt xt 523¢4, Hisavet xt T3, H
eye PREINE AL A%, I oadt xt PRECN—CSV LA H B A4 . NumPy i fijaver age
Fllmean sRECAT LA FH R B B9 IS 8O B AR %L

ARERPRER] T —LEW ARG e g. B0, MM nAlmeax sREORHE BN ITERT; 4R
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J&, Fmedi an REGRBEIEI R E; Bede, Hst divar sREGTE R bR EZE R T 2,

di ff PRECAT LR MIBCAH rh AR R 2440, R FRATH e R TR EEE ) f Pl 25 % . | og
PR AT DA BB TR I ARXTHL

| oadt xt PRECER K T A BB IF M ECERL, A — AR E S0 L SE i, x4~
SR converters, EAE— 0T LLKEGRE S ATIE B sk B0E BER RS 5L

FATHE XL T — A REOPEHAE A SEULEY Tappl y_al ong_axi s R, FATEH T —4
AT LR AN B a3k A7 B LB KT R AL

FAT T RS ones BRECAT LI — 4 1S4, 1 Hconvol ve BRE AT LIM RS & iUA &
HEE,

A THexp il i nspacerREfS 2] T —AHIEBCEIIAEAE, | | nspacen] A4 H— 1445157
R, SRIGTRATTE HIZ BT R 485, FATEVE Findar r ay 28 89s umyy 2 6 AR (B 505

FATEAEARE] T 11 R, XA RO DU — M8 E BObr i (BT R, X i
S HME—RZH.

S50 T AT R NumPy i R B i, FRATRE R BINumPy fE B R By T AL, T — 22 )
pol yfit . si gnfilpi ecewi seZFNumPypR%{,




HRTEZZ LI, NumPy® &4 X E8 S, HEMR % BHGETIE
A T AR E T ARIAEIN T R, RITAKXRKII B Ty A
A, RRRROIEHATEGRR (e, BRBEAFHLEX) 250
REHF . I 20K F A8 2 0 096 F F AR 5% 2 NumPy 23 547

AR T PI%E

Q HdEkE;

Q &7 EREHE ST 5

O ek A

a £2mis;

O MBI R L

TERT—E A, TATRHR) T — RS A BB A B2 A SO ——FA TR 2 Pt
Ao EFAIAREERTBE, HET-NumPy—E R .

4.1 FHXME

AAWRIEA R AR A BLG : FEA R B3 S —Z 2 RN S KR, JF B 1l
JE [ U T T2 o X TIXMBLG, BRIE FAOMRRER . ROAIX IS0 Rl 228 Il 55 2R AR
EATE G FERER PR, T EARE R EOR AR, Jf B RS

RATRE A BRZ XL T, (HIEAERE— T e R EAAAECEK . — s e E R
P RS AR R AR, ARG E R E BN Z B FE— @ R SRINE . 2598, A%
ORI 11D o B (WD AR TR 46 N A Wt
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42 @HFEKEL: REBEXMESR

AT HERE T, A TEEE 2 R GRS A SR, P S i i Be/IME .
PF—FK N AEJEBHP Billiton (BHP), HEZENWSJEAH . &AL AN K. 5 K/ FlEVvde
(VALE), HR2—Z&BIFRIMAF . Fit, XMEAFAT NS EEEGN, REAE100%
AHE . FE BB AL IR AT e T IS AR e

(D) B, ICSVILF (ARFRGUCHS SOt ) shist AW RSB, iRk
TR, WRRANICIZERM, E—E P AREZ S RE T

(2) Py R 2P L R AL ke s, HSogt R H— bR AR 28, i cov g
BO A BEELIES R T 25005 (IFAR X R, (BFRATT AT AR I R R — B M E A 3 ),

covariance = np.cov(bhp_returns, val e_returns)
print "Covariance", covariance

RN E T 22 E

Covariance [[ 0.00028179 0.00019766]
[ 0.00019766 0.00030123]]

(3) fifi/ldi agonal FREET X AL FYITTER
print "Covariance diagonal", covariance. di agonal ()
R 2R L TT RN

Covari ance di agonal [ 0.00028179 0.00030123]

[@i&_ Wy ZAEE P AT AR LA RS, XEMXAMIEELZ TR, ]

(4) i HIt r ace PRECHE AR, BIXTFALL FICERZ A
print "Covariance trace", covariance.trace()

T 7 225 R A

Covariance trace 0.00058302354992

(5) WA/ [l B AR O R B E SO BN T 22 BR LASS A e 22 A3 AR . 11330 1] B a o XY AF G 2R 4R
HUFAS: (1] S

_ cov(a,b)
corr(a,s) 3, o,
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Lk —T s
print covariance/ (bhp_returns.std() * vale_returns.std())
BRI NT: v

[[ 1.00173366 0.70264666]
[ 0.70264666 1.0708476 ]]

(6) FATHF AR R BOR B X W R BER A SCRRE o A R B BB Bl E- 1312 4]
MRAEE S, —HBUES A SRR T, X2 R R B, SEPr USRS 2R
IN—BEIME, FRAMBR R4, i Hcor r coef MEUTRAMIICRE (S ERHIHL, HOCRE
)

print "Correlation coefficient", np.corrcoef(bhp_returns, vale_returns)
PR BN AAR O R BGERELN T

[[ 1. 0. 67841747]
[ 0.67841747 1. ]

XA EROTR RIBHPHIVALES A B AISC R KL, HItEoh L, R AE R gt a4
o AHSCREOGEFRIC T X FAARXPREY, ISP TTRAIEA S, 22mBHPS VALERYAHSE
FARAF TVALEMIBHPIYAHSC R M. BB ENTAA SRR I A SRR o

(7) FHh—AE R FNRP RSB RGE B R FAE . AR E TR 2SR 138 25 (2
ETARERZ IR, WA X RBESESRALR L

LHNW AR, AT AT IREARE S, SR BT TERr [ 3 [R2D R o THEsk i H B
W R 2EME, DM ER D
difference = bhp - vale

Rt n— YA R R R AR, AU

O RPAEEBZIEEFR MR EUERE, BEE B AR . FRATATE, A5 R BUE MM =X AL IO R MRS &
58 S RE, MZETL B —S8 8 MR R BUERE, T F—S A2, B T aEA X
#H"J%ﬂﬁl, S fe7isk HLH BEAE OC R B 8 SCF- B S R M M AEAR G RBUE MW ? 2R PSRN . (1) 4Bk

N, EMRYE ST LEP 22 M G . U LAMITE BE, BTFHSF Ncov(a, a), BIREHL
ﬁr“a*ﬂ}fﬁ%ﬂﬁﬁ}bt W 53BEXT % (bhp_returns. std() * bhp_returns.std()) . HAERTE I
[FI#. (2) BRI — 45 hisat, BIXTAZ B Ao R WAIZRIEFRFESEREL, (H 5T —5 iR,
FALANA—FE? SO H TNumPYy/ETHE DN 2587, B EBESEERIAAL, BB N-LMASEN, MRS A
Py 25 e At R, std() bR, A mESEERI R0, MIRAFI A REZE, Wik S Ak bs
WM TATT. B, X—5 R AL TR W AE R A R A B T /EE SR RAS,
SRAEPA AL std() kAR Eddof =1, VA MR AL, B DRSS TSI aas AR Y RIxs Ao . T
B, B AN TR R, IR XML, ERIEMNAHSC REGEME, — &



42 HFEE: REMEAMESH 73

avg = np. nean(difference)
dev = np.std(difference)
print "Qut of sync", np.abs(difference[-1] - avg) > 2 * dev

BRI, FATE N AREREA T2 ) -

Qut of sync Fal se

(8) KT ZiNat pl ot | i bJ#E, A PRFAEEROR P IRAN DI . (AN~ AU 2T
t = np.arange(l en(bhp_returns))

plot(t, bhp_returns, |w=1)

plot(t, vale_returns, |w=2)

show()
SR

R T At A4

AT T R EEBHPAIVALEY S ARG ME . R e, FRAT I T H 35 R A +H
KEZB X Hcorr coef BEUCRITE . FRATE T T U 2250038, JFnT I
AR, AW ER T di agonal BRECHIt r ace PRERII G, 209 AT LALS H 46 MR % £
LILEMFERENIL . 74 D correl ation.py SC A4

i mport nunpy as np

frommatplotlib.pyplot inport plot
frommatplotlib.pyplot inport show

bhp = np.loadtxt('BHP.csv', delimter=","', usecol s=(6,), unpack=True)
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bhp_returns = np.diff(bhp) / bhp[ : -1]
vale = np.loadtxt (' VALE.csv', delimter=","', usecol s=(6,), unpack=True)
vale_returns = np.diff(vale) / vale[ : -1]

covariance = np.cov(bhp_returns, val e_returns)
print "Covariance", covariance

print "Covariance di agonal ", covariance. di agonal ()
print "Covariance trace", covariance.trace()

print covariance/ (bhp_returns.std() * vale_returns.std())

print "Correlation coefficient”, np.corrcoef(bhp_returns, vale_ returns)
difference = bhp - vale

avg = np. nean(difference)

dev = np.std(difference)

print "Qut of sync", np.abs(difference[-1] - avg) > 2 * dev

t = np.arange(l en(bhp_returns))

plot(t, bhp_returns, |w=1)

plot(t, vale_returns, |w=2)

show()

REME: HEMAE

BIFEL VA TFIRAS AR = 0 2 AL eg oy £7
(1) covari ance

(2) covar

(3) cov

(4) cvar

4.3 ZInR

TRECBRUMG? FodE 3 B! ERBY A ZE BRI IO, Lk F— AN S ok 3
AR R SEBE L, (TR (TR SR ) SRS T L — NI 23
LT N 5 2 B B T 55 /N T 22 AR
4.4 FHFZLEK: TS

NUMPY I RIpl oyf i t BRACHT L £ 3005 22 04— ZR OB A, TETR i e o S 70k 1 28
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PREERIEH] o

(1) Fefr1akZefi HIBHPRIVALERI SN Bt o FH— > =R Z T LA E P R BRI Y
2

bhp=np. | oadt xt (' BHP. csv', delimter=","', usecol s=(6,), unpack=True)
val e=np. | oadt xt (' VALE. csv', delimter=","', usecol s=(6,), unpack=True)
t = np.arange(l en(bhp))

poly = np.polyfit(t, bhp - vale, int(sys.argv[1]))

print "Polynomal fit", poly

AR (X MR — =k 2T ).

Pol ynomial fit [ 1.11655581e-03 -5.28581762e-02 5.80684638e-01 5.79791202e+01]

(@) LR ST R RS TR R A TR EEI 25t 44 B Rpol yval 5 _
B RTINS — M

print "Next value", np.polyval (poly, t[-1] + 1)

B R MY

Next val ue 57.9743076081

(3) HARME UL T, BHPHIVALEREE AL A 22 b/ VB o FERRBRIGEL T, ZE(E AT ATEREAS
JH0, fHFHr oot s pRELHR I FA U 10 20 R BT A 5 23K OfF «

print "Roots", np.roots(poly)

fige th Z2 AR -

Root s [ 35.48624287+30. 62717062] 35.48624287-30.62717062) -23.63210575 +0.j]

(4) FATAERAR I URAR i =7 > a SRR AR A PR —— A0 E AT B bR K1) foe KA sl /ML
ICERABUS P IESIE, SRR (S T eR ) SO ORI AL . (ol yder BREON Z2 10 bR

der = np. pol yder (poly)
print "Derivative", der

Z IR 2 R (DR — 2 TR0 AREINE
Derivative [ 0.00334967 -0.10571635 0.58068464]

IR B B X L B A S R R
(5) R TR R B AIAR ,  RIHR 2 3 R B AR A

print "Extrenmas", np.roots(der)
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13BN AIARARL R -

Extremas [ 24.47820054 7.08205278]
TAPRER—T4R, fiHpol yval 1A 25X R A -
val's = np. pol yval (poly, t)

(6) BAE, fdiHar gmax Flar gni nH e KA AR/ IME A :
val's = np. pol yval (poly, t)

print np.argmax(val s)

print np.argnin(vals)

DO 2 AN A EE R

7
24

5 bR 2, AR UELIER], t 2 Har ange rREUE LY.
(7) I IREAE AU G R BT

plot(t, bhp - vale)

plot(t, vals)

show()
A BTN .

AR, ST LG R, T AR D I8 . LS AR ARG, PR AT A2l ey
B 2 UG
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Al AT et A4

A Hpol yfit BRECTEIEIH T T 2WH0E . 2% 2 i Hpol yval sEGTHE 2000
B, f#iHr oot s BRECRIS 2 W pRE ML, LUK pol yder BRECK i 2158 pRER 1 T 5R L, 7]
45 I polynomials.py 31

i mport nunpy as np

i nport sys

frommatplotlib.pyplot inmport plot
frommatplotlib.pyplot inmport show

bhp=np. | oadt xt (' BHP. csv', delimter=","', usecol s=(6,), unpack=True)

val e=np. | oadt xt (' VALE. csv', delimter="',"', usecols=(6,), unpack=True)
t = np.arange(l en(bhp))

poly = np.polyfit(t, bhp - vale, int(sys.argv[1]))

print "Polynomal fit", poly

print "Next value", np.polyval (poly, t[-1] + 1)
print "Roots", np.roots(poly)

der = np. pol yder (poly)
print "Derivative", der

print "Extremas", np.roots(der)
val s = np.polyval (poly, t)
print np.argnax(vals)

print np.argmn(vals)

plot(t, bhp - vale)
plot(t, vals)
show()

BHHA: MBS ERE

A PSR R S TOAKE T, 2R Z R Z I RR 58, REF B E
PUEBT AT AR BAT- R R RS TN LA A —FIIE TR, T ERESS L
Fade B A FH LR TH THAANBGEN

45 HEHMEZE

B sc i (volume ) R — A mE WA R, Bl IERR M s K/, OBV
( On-Balance Volume, 4 i sc S ol MY BE B IR bR ) SRl AN a2z —, B AT LAH Y4 H L
et AT— R AL LAY B A X BEFRATT AT — H AR 14524 H AYOBVAE( AT
PIA R EEHIOBVAE MO ). #52 H B = Tl — HURELAY, WA H OBV AE T L HIOBV I LY
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Hosc s 27 24 B AR T — FE A, WA H OBV AE TEHIOBVI £ Y H sS4
H BN AR LR — B BoA 7284k, 025 H g RLOTH4

4.6 BNFXLE: itH OBV

eF =z, AT EAE RS HEAT R L — > N AR g i IE S EAR T BT, 3R]
P52 2 % ) R T A A R T e, — PR I NumPy H 8 si gn pR L, 55— Fh 24 F NumPy (1
pi ecewi sepki%l,

(1) FEBHPEE 737 in 3 SR R RS e AR T

c, v=np.loadtxt('BHP.csv', delimter=",', usecols=(6, 7), unpack=True)

I P A TR S, FRATTSE R diff RO N AR i diff R &R LA
THABEAP A ESTTR I 2EE, IR Al sk S 22 (B 2H 1 ER A

change = np.diff(c)
print "Change", change

W 22T RANTE

Change [ 1.92 -1.08 -1.26 0.63 -1.54 -0.28 0.25 -0.6 2.15 0.69 -1.33 1.16
1.59 -0.26 -1.29 -0.13 -2.12 -3.91 1.28 -0.57 -2.07 -2.07 2.5 1.18
-0.88 1.31 1.24 -0.59]

(2) NumPyH1{#si gnpRELAT LR I rh RS TR MIE AT, BT R MR E- 1,
WERHR L, B0, Xfchange$t4lfdi Fisi gneki%h .

signs = np. si gn(change)
print "Signs", signs

change A & LK IERAF S U R iR .

signs [ 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.]

Gi4h, AR LIS Hpi ecewi se AR ARBEEITTEIIES . B4, pi ecew se”pf
BT LA B e WU o A8 5 355 1) 38 T LRI XS 17 1) 2% 78] FH 2% R B

pi eces = np. pi ecewi se(change, [change < 0, change > 0], [-1, 1])
print "Pieces", pieces

U R TR AIE S, SR

Pieces [ 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.]

© Jifihpiecewiselily “ArBUM”. —BHTE
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print "Arrays equal ?", np.array_equal (signs, pieces)

SERIE

Arrays equal ? True

(3) OBVAH BT T — H AUeAeAn, BT ATEFRATA B rh JCE 5 E H OBV AE :
print "On bal ance volunme", v[1:] * signs

AR

[2620800. -2461300. -3270900. 2650200. -4667300. -5359800. 7768400

-4799100. 3448300. 4719800. -3898900. 3727700. 3379400. -2463900

-3590900. -3805000. -3271700. -5507800. 2996800. -3434800. -5008300

- 7809799. 3947100. 3809700. 3098200. -3500200. 4285600. 3918800
-3632200. ]

R AT et 4

FATHINITHA T OBVAE, B Tl M i 22t . FRAT 1B T NumPy i si gn ek %L
Hlpi ecew sepREGE FFIANIE] Y 5 2k FIWTIS BN AR AL A IE B, 714 CRL Iobv. py SCA

i mport nunpy as np

c, v=np.loadtxt('BHP.csv', delimter=",", usecols=(6, 7), unpack=True)

change = np.diff(c)
print "Change", change

si gns = np. si gn(change)
print "Signs", signs

pi eces = np. pi ecewi se(change, [change < 0, change > 0], [-1, 1])
print "Pieces", pieces

print "Arrays equal ?", np.array_equal (signs, pieces)

print "On bal ance volunme", v[1:] * signs

4.7 XK HidiEiEH

PRATRELE AR T — LU, 2650, (H XA A B AT AN RS . TNumPy g2
FTF e r 5835 T.H . A TR FINumPYy KRB —A-28 5 B, 48K, iR S i IE 3 &k
VP2 NERIPIE, W2 B T BE A KA IR A S Y B R8T B—/ iR ( kb
10.1% ) HFEA
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4.8 FMFLE: BREREIR

ffiFvect ori ze BREL AT LIB/MR B RR F rh A PGSR BB FRATTE BRI A3 5 B
A o

(1) B, BAKE:
o, h, I, ¢ =np.loadtxt('BHP.csv', delimter=","', usecols=(3, 4, 5, 6), unpack=True)

(2) NumPy i yjvect ori ze pREUFH 24 T Pythonth fmap e %L . 18 HHvect ori ze BREIE 25 €
cal c_profit BREERNSEL, RAERNTELEA S X1 KA

func = np.vectorize(calc_profit)
(3) FATIAE AT LASEATS unc S pRECR I o XHR A E (8 FHIRA TR B9 unc REL:
profits = func(o, h, |, c)

(4)cal c_profit BREERF IR, BHE, A2 M IR — S A SE AR S . i
EAMAEATEY H BB, 2R RN, BEA A, WsA H, 1m0, ),
TP LAY H A sz, FraRAS R RE BN SE ARISE 20, 32 b, AR A S B

def cal c_profit((open, high, low close):
# AT AR A RN
buy = open * float(sys.argv[1])
# daily range
if low < buy < high :
return (close - buy)/buy
el se:
return 0
print "Profits", profits

(5) TEFTA 2 H A PIAEFIEH , BIBSCAFIEBEA B . BATEEARTFIEA LS H
AT
real _trades = profits[profits != 0]

print "Nunber of trades", len(real _trades), round(100.0 * len(real _trades)/len(c), 2),"%
print "Average profit/loss %, round(np.nean(real _trades) * 100, 2)

AR

Nunber of trades 28 93.33 %
Average profit/loss %0.02

(6) SR AMTXS T IE B AN 5 oy HURGHER . PEREIERURI 52 5y H IF P XA -
wi nning_ trades = profits[profits > 0]

print "Nunber of w nning trades", |en(w nning_trades),
round(100.0 * len(w nning_trades)/len(c), 2), "%
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print "Average profit %, round(np.nmean(w nning_trades) * 100, 2)
IER AN S BT RANE

Nurmber of winning trades 16 53.33 %
Average profit %0.72

(7) SRR AT T S 2 R ) 58 By BEROGHR , bE  d F95E 5 B RIS 24K

losing_trades = profits[profits < 0]

print "Number of losing trades", |en(losing_trades),
round(100.0 * len(losing_trades)/len(c), 2), "%

print "Average |oss %, round(np.nmean(losing_trades) * 100, 2)

ARG BT a2 T
Nunber of losing trades 12 40.0 %
Average | oss % -0.92

R AT At 4

TR T —ApREL, = AT DL il a1 . FRATE FH— N8R 1124 H AEXT
FIE () BRI BRI, — A28 5 B, FF 53 3T ED H 1E 283 RN £ 280 1) 28 2 R o 7 BB AR A D
simulation.py 314,

i mport nunpy as np
i nport sys

o, h, I, ¢ =np.loadtxt('BHP.csv', delimter=",', usecols=(3, 4, 5 6), unpack=True)

def cal c_profit(open, high, low close):
# EFHFEAN
buy = open * float(sys.argv[1])

# 4% BRAANEE
if low < buy < high:
return (close - buy)/buy
el se:
return 0

func = np.vectorize(calc_profit)
profits = func(o, h, I, ¢)
print "Profits", profits

real _trades = profits[profits != 0]
print "Nurmber of trades", len(real_trades), round(100.0 * len(real _ trades)/len(c),
2), "%

print "Average profit/loss %, round(np.nmean(real _trades) * 100, 2)

wi nning_trades = profits[profits > 0]
print "Nunber of winning trades", |en(w nning_trades), round(100.0 *
I en(wi nning_trades)/len(c), 2), "%
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print "Average profit %, round(np.mean(w nning_trades) * 100, 2)

losing_trades = profits[profits < 0]

print "Nunber of losing trades", l|en(losing_trades), round(100.0 *
len(losing_trades)/len(c), 2), "%

print "Average |oss %, round(np.nmean(losing_trades) * 100, 2)

BEHA: SIMELEREMMTHR

RAGFHF)A A EAL, (2 BAME LT BX BRI P REARYPELEFTHORL B, X
— SR ELR, AAR BT HELETH, RNTRADERALIGEY, R4 LB R0-F
HAEXERTIET

AT R XA ELE TR, wRRRE, LTSS LEA KT 5L RA),

4.9 EFE
WP SO FEAREAL L, DR 38 4 7 SR HEA T VA B R T SR 3 Pk U
e, AT AT LA HNUMPY g — A BRAOR P R

hanni ngPREUE— MITAUA L I BT BRI TE)S TR BIE T, AT TR S o TR A 43 A 7
l%l%&&o

410 FMFLE: {FH hanni ng BEEBEEE
AR I hanni ng pRECE 1 B R0, PBRT
(1) JHhanni ngpREC A, BB INIIE O (ZFEXAS 7 F NGRS ):

N = int(sys.argv[1])
wei ght s = np. hanni ng(N)
print "Weights", weights

REEGEIE

Weights [ 0. 0.1882551 0. 61126047 0. 95048443 0. 95048443 0. 61126047
0. 1882551 0. ]

(2) i fHconvol ve AT EBHPAIVALER B 5K , LUH—fLAEE S wei ght sTE RS 4L

bhp = np.loadtxt('BHP.csv', delimter=","', usecol s=(6,), unpack=True)

bhp_returns = np.diff(bhp) / bhp[ : -1]

snoot h_bhp = np. convol ve(wei ght s/ wei ghts. sun(), bhp_returns) [N 1:-N+1]

vale = np.loadtxt (' VALE. csv', delimter=","', usecol s=(6,), unpack=True)

vale_returns = np.diff(vale) / vale[ : -1]

snoot h_val e = np. convol ve(wei ght s/ wei ghts. sum(), vale_returns) [N 1:-N+1]
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(3) fivat pl ot | i b2 .

t = np.arange(N - 1, len(bhp_returns))

plot(t, bhp_returns[N-1:], Iw=1.0)
plot(t, snooth_bhp, |w=2.0)

plot(t, vale_returns[N-1:], |lw=1.0)
plot(t, smooth_vale, |w=2.0)

show()

T

KPR AN N AR 3, HLEO P BSOS R . IRl , PR 283, it
LR ARERL, O ENTATRESUR BB AT R, 2/ n] LISRIIBHPRIVALEZ [l LA 5%
R T X EEHAT ST RE S 280 tH L, FRATTAT LA AT TR0 A ke iy JBO AN 2 3

(4) il I Z2 X400 1 i ) R

K = int(sys.argv[1])

t = np.arange(N - 1, |en(bhp_returns))
poly_bhp = np.polyfit(t, snmooth_bhp, K)
poly_vale = np.polyfit(t, smoth_vale, K)

(5) BAAE, A7 B L a4 P Z2 A I AR S, RIFERRSE 7 A7/ S SR X 55
N TS A Z T R B2 , K5 XT3 Z2 B BRECR AR . i Hpol ysub eREN 22 000U 22
pol y_sub = np. pol ysub(pol y_bhp, poly_vale)

xpoi nts = np.roots(poly_sub)
print "Intersection points", xpoints

fifg 3 B S SRR
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Intersection points [ 27.73321597+0. ] 27.51284094+0. j 24.32064343+0. j
18. 86423973+0. j 12. 43797190+1. 73218179 12.43797190- 1. 73218179j
6.34613053+0. 62519463 6. 34613053- 0. 62519463 ]

(6) 15RNML R NER, XAFTIRAVGEATE, BIAEM WA TR, Fik, X HEFE
ZH sreal PREORFIKIEL TR A N IEL

real s = np.isreal (xpoints)
print "Real nunber?", reals

SERIE

Real nunmber? [ True True True True Fal se Fal se Fal se Fal se]

TU%EUH***‘B%@TE%@%& it FA I sel ect AL EN . sel ect PREAT LIRYE—
FEMIZATE, M—ZHITR Pk 45 5 S5 PR TR IR I

xpoints = np.select([reals], [xpoints])
Xpoints = xpoints.rea
print "Real intersection points", xpoints

GEIVER e S ey NNV

Real intersection points [ 27.73321597 27.51284094 24.32064343 18. 86423973
0. 0. 0. 0. ]

(7) FAFTFE LA HOMICE . tri mzer os BREAT AL i—4E B0 vhF Sk AR R b ond
JLR:

print "Sans 0s", np.trimzeros(xpoints)
FSLI0Ive ST THEESE S/ (TP

Sans Os [ 27.73321597 27.51284094 24.32064343 18.86423973]

R BT A A4

A 1M Hhanni ng pREON B ZZIRES KBS T T4, {8 FHpol ysub sRECH A 21X
YE£iZE, LI sreal @é&#ﬂ%ﬁé‘ﬂﬂjﬁ?ﬁfeﬁjﬂ B, JiHisel ect BREEN TEHOTE,
i, WATHtri m zer os PR L5 EMOTTER . A~ EIFLHE ILsmoothing.py U4

import nunpy as np

import sys

frommatplotlib.pyplot inmport plot
frommatplotlib.pyplot inport show

N = int(sys.argv[1])

wei ghts = np. hanni ng(N)
print "Weights", weights
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bhp = np.loadtxt('BHP.csv', delimter=","', usecols=(6,), unpack=True)
bhp_returns = np.diff(bhp) / bhp[ : -1]

snmoot h_bhp = np. convol ve(wei ght s/ wei ghts. sun(), bhp_returns)[ N 1: -N+1]
vale = np.loadtxt(' VALE. csv', delimter=",', usecols=(6,), un pack=True)
vale_returns = np.diff(vale) / vale[ : -1]

snmoot h_val e = np. convol ve(wei ght s/ wei ghts. sun(), vale_returns)[N-1: -N+1]

K = int(sys.argv[1])
np. arange(N - 1

t

| en(bhp_returns))

poly_bhp = np.polyfit(t, smoth_bhp, K)
poly_vale = np.polyfit(t, smooth_vale, K

pol y_sub = np. pol ysub(pol y_bhp, poly_vale)
xpoi nts = np.roots(poly_sub)
print "Intersection points", xpoints

reals = np.isreal (xpoints)

print "Real nunber?", reals
xpoints = np.select([reals], [xpoints])
Xpoints = xpoints.rea

print "Real intersection points", xpoints
print "Sans 0s", np.trimzeros(xpoints)

plot(t, bhp_returns[N-1:], Iw=1.0)

plot(t, smooth_bhp,

I w=2. 0)

plot(t, vale_returns[N-1:], lw=1.0)

plot(t, snooth_vale

show()

I w=2. 0)

BHHA: SHEMEBERE

i Z iR R 4697 &4, 4ehanmmi ng. bl ackman, bartlett vA&kai ser., €414
A% A 77 = F=hanni ng F 2 LM,

411 ZRE/NE

EARZ R, FA M FHcor r coef AL TR T M HBELI R AHIEME, B, FATEIE
>J Tdi agonal fit r ace BREUW L, 20307 DA H RE R (¥ X #4600 28 RN RG: 11932

FeA 1t FHpol yfi t BREILA— RIVEHE S, Fpol yval REGTHE L2 R AU EUE, roots
PRECR R 2R, Ll Jepol yder pRETR g 22 50X pR B0 S PRER

A BE AR TR N A

B (ufuncs) RUAHIENZ .

ATLURE B P o TARRCR, DAE R o) — 55 PO FA A H e




#5E

%6 BE 7018 F iR £

AT KAV 3 4B e A0i8 A F %% (universal functions, Bfufuncs) #948%
Mo, FEMEAE N —F T2 B A, ENumPY PR £ 16 kw7 %k, i@
A RECTVRAN RSP TE, LT ABEAERE, @R DGR
R—UFE, MELE—EFT, CNBFTTANE TEARKFIEL, dodn,
B T, REF, BMEBNB=/H R, LB F 2R F LRI,

AT LT

O AR

Q s

Q A H R %L
Q —ffR%L

Q {25 REL
Q HEREL

5.1 %EfF

TENumPy', JEsEndar ray (528, ATRLH & IR 577 S 2Ok B . S8CA LS P AR
Mr—HE, NumPyH R R 4R IREOR, HE AR IEIZ FAINUmPY P i) 38 e a3 A
[, s R, AT LM et | mat ri x L Kbmat eREOK A AR

52 mFLE: €EIERE

mat FRECBIEEMER, 27 A T At ri xaindar ray X%, WRSSHEANIRIEEIA, Kk, 7#
Hmat pRECRIE FHmat ri x(dat a, copy=Fal se) S5,  FoA TR s E R4 B A R R IS 1 5k .
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(1) 7ERIEHEFEAL TR H T, AT S5 Z RIS RIT, TN RoTER Z e A% b
IFo AR B 7T R et eR BB HEHEFE -

A=np.nat('123; 456; 789")
print "Creation fromstring", A

R AR PR

Creation fromstring [[1 2 3]
[4 5 6]
[7 8 9]]

(2) TR AR B A e -

print "transpose A", AT

MR

transpose A [[1 4 7]

[2 5 8]

[3 6 9]]

(3) JHIN Jai 1 A A 4 -

print "lInverse A", Al

SRAFREHEREI T (A THRE A A(n3) ):

Inverse A [[ -4.50359963e+15 9.00719925e+15 -4.50359963e+15]

[ 9.00719925e+15 -1.80143985e+16 9.00719925e+15]
[ -4.50359963e+15 9. 00719925e+15 -4.50359963e+15] ]

(@) B TR B QAR FELASE , FRAT T8 AT LA HNumPy BCH #6476 2
print "Creation fromarray", np.mat(np.arange(9).reshape(3, 3))

BIEAPHE R -

Creation fromarray [[0 1 2]
[3 4 5]
[6 7 8]]

R T et 4
FAE et sRECBIEE TR, HTIEMEARI 4% B R, I R T 1 . o= ilfas
JLmatrixcreation.py 3Cf4:

i mport nunpy as np

A=npmt('123;, 456; 7829")
print "Creation fromstring", A
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print "transpose A", AT
print "lInverse A", Al
print "Check Inverse", A* Al

print "Creation fromarray", np.mat(np.arange(9).reshape(3, 3))

53 MNEBEMEIEFIER

A7 BeR g, FRATIA A — S B PR/ B R A — B R JE RS . X AT LA Fbmat pRi
ok, XHEMbFR “E”, bmat BI4rESERE (block matrix ).

54 wHhFLK: NECBIEMECIENREME
A TR A AN N RE R B i — AN AR R, IR .
(1) B, BIEE— 220 B SRR .

A = np.eye(2)
print "A", A

LRI R
Al 1. 0.]
[ 0. 1.]]
B — M SARR R, HakLi2:

B=2*A
print "B", B

S AR AR BT -

) T BRQEE G, Z TR St P —2, R BLARR DA
W b 4 AR
print "Conpound matrix\n", np.bmat("A B, A B")

DI GHFEAT PR .

Conpound nat
[[ 1. O.

2.
. 0.
2.
0.

ri
0.
2.
0.
2.

X
]
]
]
]

ero
= O R

]
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R AT i A4

A E FHbmat s, WA/ NERERIE T — N SR . FRATFMER AR B A2 T
T, TR LS omat PR, 8IS U bmatcreation.py SO

i mport nunpy as np

A = np.eye(2)

print A", A

B=2%*A

print "B", B

print "Conpound matrix\n", np.bmat("A B; A B")

RGN : FRAFHFBENER
ERR1 A Amat Aebmat SR AV ELE R, FERMAFA B RENERE, EFFE P,
VAT IR— /3 AR S 5 2 4B 09 4T 5 T 457
Q) 5%«
@%3
}izF 7
@ =% 7

5.5 BAEE

1 FH R AR — bR, it — AR, R AT R AT LR TR R s S,

5.6 #MFLEK: CIEEBEAR
FATTAT LA FHNumPyH B9F r onpy f unc BRAR, il1d—~PythonpR BRG] E5E FH pREL, AABRUNT .

(1) & LT Afiw ST YI 2 R) Y Pythonek £ ( TRV ZE R IR T (AR &
B ), WARIREE L, "TLIZ8 ):
def ultimate_answer(a):

B RN IEIEBEA AR . AT PR sREAT 4 ul ti mat e_answer , JFRZE ST

—MZHa.

(2) ffifizer os_l i ke BB —AFalARAHIE], T HICR &H H0E4Hr esul t .

result = np.zeros_like(a)
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(3) BUTE, AT RINIAE B TP AT R BCE N AR HE 42, R mxA
SR SRR BRI AN T B, f1at WA NFRAITERHE T — R FEAURS, AT A E B
JCERMME:

def ultinmate_answer(a):

result = np.zeros_like(a)

result.flat = 42
return result

(4) fi It r ompy f unc BIELE R TEEMASEIINEONL, BEIS 9 Uk S50 1%

ufunc = np.fronmpyfunc(ulti mate_answer, 1, 1)
print "The answer", ufunc(np.arange(4))

H AR T PR -

The answer [42 42 42 42]

FATAT LI — AR A T8 RO, AU AN
print "The answer", ufunc(np.arange(4).reshape(2, 2))
Rt AR IR PR -

The answer [[42 42]

[[42 42]
[42 42]]

L/ QN I A

FATE LT —Pythonek%l, Hrh, I Hzer os_I i ke REURHE R ASE IRV H ik
—AENOMEA, SRJG R HIndar ray X4 | at JR MK TR B TR B “ANE R H
{E 042, RIS U answerd2.py U4

import nunpy as np

def ultimate_answer(a):

result = np.zeros_|like(a)
result.flat = 42

return result

ufunc = np.fronmpyfunc(ulti mate_answer, 1, 1)
print "The answer", ufunc(np.arange(4))

print "The answer", ufunc(np.arange(4).reshape(2, 2))

5.7 BRHEEHIA X
SRR L T B 7k QRTATIA, FLSC T R BOFAl ELIE A R, TR AENS 207 R BCHY
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X4, W RECE UAS s, Ak sy HH APIAZ8 . i — S50 ufuncX S A58,
Flinadd pi%l, HAARLFE SR ufuncyd S I8 FH X 28 iRt H Val ueEr ror % . R 2 g
FE Il FH R LR X B . LU R RE— A x4 ik

Q reduce

Q accumul ate
Q reduceat

Q outer

5.8 EhFEH: £ add LIERBERERIEBAE
A TR AEadd BB o 1 A 52

(1) IFESEERG, TEELEREECR Z a3 V8 FH 8 F R gk, BT 1525 A B L2y
(reduce) ITHZEH . X Taddeki%l, HXFE 1 reducel 3 45 AN T X B e Z R F1 . 18

reduce ik

a = np. arange(9)
print "Reduce", np.add.reduce(a)

FHAEZERIT
Reduce 36

(2) accunul at eJ7EERIEERT LA AVEH T ABH . (B2 5r educe FEARRIRE, ©RAF
iz B EIES IR ], R fEadd s i Faccunul at e 7k, ST HAZE Hcunsumeg
B, fEaddRE LM Haccunul at eJyik:

print "Accunul ate", np.add.accunul ate(a)

IRERT

Accunulate [ 0 1 3 6 10 15 21 28 36]

(3) reduceat Jy i MRERAAT MM A, RAVICIEFT— W, Fi—b— WA BT
r educeat Jy kT L A— R AR —ANREIEF RN SEL

print "Reduceat", np.add.reduceat(a, [0, 5, 2, 7])

IBATARANTE :

Reduceat [10 5 20 15]

S BN R T MESIR P RO0MS, SEPR R Edl vh 2R 5 B AR 052 [ AT R ¥ Treduce
eff
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print "Reduceat step I", np.add.reduce(a[0:5])
BT

Reduceat step | 10

B RIRG ESM2, hF2Lks/, BTl HAER FIRE I {E A5 IR

print "Reduceat step 11", a[5]

BRI

Reduceat step Il 5

=L IBIRG H2R7, X — 2D X R 5 MELE 23 72 (] (¥ B2 e R 4 TreducelifE «
print "Reduceat step II1", np.add.reduce(a[2:7])

ISR

Reduceat step Il 20

VIR RS ET, X — SRR ME TR B REE A 1 G 2 4 Treducet A «
print "Reduceat step IV', np.add.reduce(a[7:])

SRR

Reduceat step IV 15

(4) out er LRI — N, BB (rank ) S5 T ABERRA . B2 TP
A Z AR T TR . fEadd PRECE TR Hlout er J7%:

print "Quter", np.add.outer(np.arange(3), a)

HH ST .
Quter [[ 01234567 8]
[ 1234567809
[ 23456789 10]]

NI AT 2H 4

oA TAEH FH R %add I TP )58 reduce. accumul ate. reduceat D) Mout er
74 S Il ufuncmethods. py SCAF

import nunpy as np
a = np.arange(9)

print "Reduce", np.add.reduce(a)
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print "Accunul ate", np.add.accunul ate(a)
print "Reduceat", np.add.reduceat(a, [0, 5, 2, 7])

print "Reduceat step |", np.add.reduce(a[O0:5])
print "Reduceat step Il", a[b5]
print "Reduceat step III", np.add.reduce(a[2:7])

print "Reduceat step |V', np.add.reduce(a[7:])
print "Quter", np.add.outer(np.arange(3), a)

59 BEAREH

FENumPyHt, JEARBARZ AT+, - Fix [ OCH % 8 H pRi%kadd . subt ract Flmul tiply.
WAL, S VRATNUMPYEICZH (% BRI AT, X )38 H sR 0K B s i o PRkt
A PR A O 2 2%, FE AL A BR VA A8 SR B S =/~ 3 FH oK 2 di vi de . true_divi de il
f1 oor _di vision, LAEPASXER (IEEAF T .

5.10 zhFXLE: HEMBREZE
'
IERATEE TR T g M BRkIE 5
(1) di vi de PRECFEFEBURNTE s B bR T2 38 HAR BB BG o7

a = np.array([2, 6, 5])

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

print "Divide", np.divide(a, b), np.divide(b, a)
di vi de pRELIE E A5 RANT

Divide [2 3 1] [0 0 O]

AR UL, 8B S5 R0/ NGRS 3 B s 1

(2t rue_di vi de RS ECE T IBRIEE R, BINR BRI 77 ROBCAS SRS VRN -
print "True Divide", np.true divide(a, b), np.true_divide(b, a)

true_di vi de BB ELE RN

True Divide [2. 3. 1.66666667] [0.5
0. 33333333 0.6 ]

(3) f1 oor _di vi de FRELESEIR MIHRENAE R, A THEiHdi vi de PRELFLII T | oor BRIZL,
f1 oor PREICEE XTI s BT I0] T U IR [P R4

print "Floor Divide", np.floor_divide(a, b), np.floor_divide(b, a) ¢ = 3.14 * b
print "Floor Divide 2", np.floor_divide(c, b), np.floor_divide(b, c)

f1 oor _di vi depRELMIZ AL AT



94 % 5% AEMAE R R A

Fl oor Divide [2 3 1] [0 0 0]
Floor Divide 2 [ 3. 3. 3.] [ 0. 0. 0.]

(4) BOMEOLT, S/ iS5 H S TR HIdi vi de pR%KL:

from future_inport division
{EANSAE Python 2 7 (IS A L AR AARAS, IR A8t rue_di vi depfi%l, RASANT .
print “/ operator”, a/b, bla

HEARWT

/| operator [ 2. 3. 1.66666667] [ 0.5
0. 33333333 0.6 ]

(5) iBAF | ¥R T | oor _di vi depR%L. iU F k1 CAS .

print "// operator", all/b, b//a
print "// operator 2", c//b, bl/c

HRERIT

/1 operator [2 3 1] [0 0 O]
/! operator 2 [ 3. 3. 3.] [ 0. 0. 0.]

R BT A A4

FeA12% 21 T NumPyH = PR [RI BRI pR A, Ho, di vi de PRETEESEORTTE S BBRIA R 35 1
PR EBER Y, true_di vi de BRBCRVERINR 0117 5 50&5 5%, 10 | oor _di vi de pRELIRIEEIR 7] #&
BEEFIFEN T eI vi de pRELFL AT | oor BRZL. 7R BIAAS W dividing.py S

from future__inport division
i mport nunpy as np

a
b

np.array([2, 6, 5])
np.array([1, 2, 3])

print "Divide", np.divide(a, b), np.divide(b, a)

print "True Divide", np.true_divide(a, b), np.true_divide(b, a)
print "Floor Divide", np.floor_divide(a, b), np.floor_divide(b, a)

c =314 *bDb

print "Floor Divide 2", np.floor_divide(c, b), np.floor_divide(b, c)
print "/ operator", a/b, b/a

print "// operator", al/lb, b//a

print "// operator 2", c//b, bl/c

BEH%A . =i future__ . division

ZHF %%, IiEFIA__future__. division#gz R,
L



512 #HF 5k, BiEH 95

5.11 f&izE

R A%, AT LM FINumPy ¥ mod . r enai nder FIf mod pREL, 249K, L AT LU
FH%Z AT XL RN 222 S e ARG EUN 7= nod sREICTE X 7 il 5 T LAl R A

512 #FXE: HEEE

FRAT PR 2 — 8 FH e B 2 %) PR SR

(1) r emai nder FREGEA IR [FT AN B T E ARG I ARE WSS AN EE o, W E
iR [7]0:

a = np.arange(-4, 4)
print "Remainder", np.renainder(a, 2)

HEARWT
Rermainder [0 1 0101 0 1]

(2) mod RS emai nder PREUNIIRESE 42— 2L

print "Md", np.nod(a, 2)

HHEESRIT

Md [0101010 1]

(3) WRIEFHVALZr emai nder FREINTE

print "%operator”, a %2

HHEESRIT

% operator [0 1 01010 1]

(4) f mod R 7801 )72 Sr emai nder . mod A% IRl FRASAYEN I T g g 2
SR IE TG

print "Frod", np.fnod(a, 2)

THELERWT .

Frod [ 0 -1 0-101 0 1]
R T At 4

FA12= 2] T NumPyH nod | r enai nder Fiif mod SEAIE A BRAL ., 719114 Uit W modul o.py S
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import nunpy as np

a = np.arange(-4, 4)

print "Renminder", np.renainder(a, 2)
print "Md", np.nod(a, 2)

print "%operator", a %2
print "Frod", np.fnod(a, 2)

5.13 LKA

AEPTIRH ( Fibonacci ) K32 HE T ¢ 2 A4 iU o ELFE FONumPy {5 SR fifg B i G R & L
BB, AIEFRATAT UM RE S E B S B AR . Wik, AN Zmatrix
Firi nt SR, fEFmat ri x RECENEERE, ri nt BRECWTR S BECE , (B2 SAT R 1 S 5

5.14 BhFRE. HEER LT
AEPAR SR i S R AT ARG R s . RSB T RS0 T RE R ) 2 e
(1) BRI S

F=np.mtrix([[2, 1], [1, O]])
print "F', F
B A PR S AN s

FI[11]
[10]]

(2) HEAEPIR B B8, RIVAERE IR R8I Lo THEE T 1 A BOIR B2 AL THE R 11
Xk L.

print "8th Fibonacci", (F ** 7)[0, O]

i th R 8N AE IR S2H Ny

8th Fi bonacci 21

(3) FIFH#E £ o E1 A Bl # Fr st L 25430 (Binet sFormula), i FHCE pR%l, whinl DLE
PR AP THA AT L RR B

n = np.arange(1, 9)

sqrt5 = np.sqrt(5)

phi = (1 + sqgrt5)/2

fibonacci = np.rint((phi**n - (-1/phi)**n)/sqrt5h)
print "Fibonacci", fibonacci

i 13 B0 PR BN -
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Fi bonacci [ 1. 1. 2. 3. 5. 8. 13. 21.]

S Q= A

AT RO LT T 2EROIRFES . FeiX Al e, AT I mat ri x BRECBIEE
i, LARAEHIr i nt pREOH P2 s EOBCR AN SO i S8R . il A RS i fibonacci . py SCA: o

i mport nunpy as np

F=np.mtrix([[1, 1], [1, 0]])
print "F', F

print "8th Fibonacci", (F ** 7)[0, 0]
n = np.arange(1l, 9)

sqrt5 = np.sqgrt(5)

phi = (1 + sqgrth)/2

fibonacci = np.rint((phi**n - (-1/phi)**n)/sqrt5)
print "Fibonacci", fibonacci

BRI A: St ERER

IRT AR AR A S TR 7 ik it L B, ARSE AT — T e 8R4 AT r onpyf unc
B — AR AR R F ) 0B R R A, SRRt R,

5.15 #)iFanmhsk

TENumPY Y, T BOARVE = fA BRSNS, cos. tanZ 24545 % I A 1 FH pR K. i ith 28
(Lissgjouscurve) J&—FhfRA R H = sR B0 7. REAVHCAEY B E R g L
R A I 2 i G S FIBR Al 2kl LR S 807 REE X

A sin(at + n/2)
B sin(bt)

X
y

5.16 BhFEE: L#HIFFEan%k
FIEah th£R S BFEA. B, afiib, NN, FATSAFIBE N1,
(1) {11 i nspace rREFI I ILAS fkt , BIAA- pi Blpi 39540 2014 1«

a
b
t

float(sys.argv[1])
float(sys.argv[2])
np. |l i nspace(-np. pi, np.pi, 201)

(2) i Fsi npRECFINUMPY & e pi 11445 X
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X = np.sin(a *t + np.pi/2)
(3) i Hisi npR %A A fty
y = np.sin(b * t)

(4) TA A 9T TP F 4 U Mat pl ot i b . £l Zean T s .

plot(x, y)
show()

XHBE S Ca=9, b=8.

R BT A A4

RAVRIESEOTFAE X, USEA=B=1. a=9Fb=82H T Flg¥aith<e., A TAMHH Tsin
Fl i nspacepd%l, LLANumPy# fpi o @15 Ilissajous.py ST

import nunpy as np
frommatplotlib.pyplot inport plot
frommatplotlib.pyplot inmport show

inmport sys

float(sys.argv[1])
float(sys.argv[2])

np. li nspace(-np.pi, np.pi, 201)
np.sin(a *t + np.pi/2)
np.sin(b * t)

plot(x, y)

show()

< X oo
moimmmn
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5.17 FHik

DR — ] DATE /R B a b s BT 5l il LA 2 M IE L Bt . s |
R AT R SHR AT LIRS L ok

e 4 15 2 v+ 28 4 ( Fourier series) A& vA JE 5% H An 4 52 F 2 A K J 2000 1 %5 B4,
% VAZE 2 84 % B 40F 7 Jean-Baptiste Fourierd 4 .

TR AR A A1 B2

5
5.18 HMFLEK: LHIFK -

SRR R, A AR R 7 X0ttt Mk FeA17 2 2R 2w, H
PO B MGH, X =09 IRUE R B HURGE . 27 BB 3R T

(1) TATABI Rt FIkITaR, FERE BRI 4R 1L 0.

np. |l i nspace(-np.pi, np.pi, 201)
np. arange(1, float(sys.argv[1]))
2* k-1

np. zeros_like(t)

(2) Tk, EHEMHsi nfisuneREuEf 714 .

for i in range(len(t)):
fli]l] = np.sum(np.sin(k * t[i])/k)
f =(4/ np.pi) * f

(3) Ll I B AR T I 14 07 Hh ) Lo — A — A -

plot(t, f)
show()

R k=992 i BT e £ F B

- x x
o mn

R T it 4
FA i neR BN T —MIr, SR RARR L TIrERBOY . B A B
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| i nspace=A:1y, IMi—4k{EEHar ange sREAE i, A~ CHS Wsquarewave.py X1

i nport nunpy as np
frommatplotlib.pyplot inmport plot
frommatplotlib.pyplot inport show

i nport sys

np. | i nspace(-np. pi, np.pi, 201)
np. arange(1l, float(sys.argv[1]))
2* k-1

np. zeros_like(t)

- X X

for i in range(len(t))
f[i] = np.sum(np.sin(k * t[i])/k)

f =04/ np.pi) *f
plot(t, f)
show()

BY % BEREMER

RTRRECZEES], EREPH—AELEE AR ANUMPY & HIEBLIAIR, JHARAR AR
AL A B e A3 B 3 A

5.19 BAKM=FHK

TERPeas b, SRR = et 2 IR IOE . FOTEpl, AT T LI e 18Rl Ie g5
RIS, XA AT A X BRI AT A3 = gl . BRI 10 JE 55 AR T
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5.20 #HFEE: LHIBEEEI=/AK

SRR, TR LRI 7 e Akt Ak, FRIRE . Htk=00 L ARIT J 5 S
B 2R DR = FR B TR R

(1) 4 PRAE W) K A0

t

k
f

np. |l i nspace(-ny.pi, np.pi, 201)
np. arange(1, float(sys.argv[1]))
np. zeros_like(t)

(2) e, FEHEMHsi nfilsumesk Bk i,
f i | :
ot inrmgetenty:
f=(-21/7 np.pi) *f
(3) RIS Z2 A R TR RN = AR I T ASHE , TR SR = F 0k eR B0 BRI A e i v 0 pR B ) 45 L
{di FH I AR 22 I

plot(t, f, Iw=1.0)
plot(t, np.abs(f), Iw=2.0)
show()

1E T, BT ZC R = Al
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L/ QN I A

FAE FHsi npR B TR, PRELAY T AE 2 H i nspacer= A iy, T —HkHEH
ar ange PREAE BT . = A3 D)2 R4 1A D B 2 X HEAS B8 . 8BRS Il sawtooth.py S04

i mport nunpy as np
frommatplotlib.pyplot inport plot

frommatplotlib.pyplot inmport show
i mport sys

t np.linspace(-np.pi, np.pi, 201)
np. arange(1, float(sys.argv[1]))
np. zeros_like(t)

f

for i in range(len(t))
f[i]l] = np.sum(np.sin(2 * np.pi * k * t[i])/k)
f =2/ np.pi) *f
plot(t, f, Iw=1.0)
plot(t, np.abs(f), Iw=2.0)
show()

BYh%: #ERENMER

2T REEZ IS, AR P HEERE )7 15 A NUmPY & 35 3% 7T A F R AMES-,
S FLAR AP AL ST VA BIAS

5.21 {IIR{EeREF0 LA R £]

PEERAE R ENT AR R A R AR A I 07 EREA TR, BRI s, ~ L & | L <<, >>
SENAREATTENUMPY LA X RIS, <. >, ==SF IR UUR ML, A T X SERAEAT,
PRn] ATEAS T B — L8 e Ty IR THUE I PERE . Aad, BT U5 USRI
A

522 FMFRE: HrE S

AT 2 =AM T —— A AT 5 R B — 3, KA — MU N2, L
KB — B 200 B BRI AR BT T2 B R P RR 7k, BV R 7 B E A A FHAR N
HINUmMPy PR

(1) 5E—A/NME I T HIXORSEMRVERT . XORPRVERF N FR I ANEB BT, I Y
VEBUHIAT S A —E0, XORFRERYSS R N 7%, ZENumPy T, AERYEREXT IV Tbi t wi se_xor K%L,
<EAEFFR N T ess RSN,
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X = np.arange(-9, 9)

y = -X

print "Sign different?", (x ~y) <0

print "Sign different?", np.less(np.bitw se_xor(x, y), 0)

ZERUNE

Sign different? [ True True True True True True True True True Fal se True True True
True True True True True]
Sign different? [ True True True True True True True True True Fal se True True True
True True True True True]

AR, BR THSE ORI DL, BrA RO AT 5 KA 57 o

(2) fEZit 0D, 28RN A — U R —HRoRIE, #il4n10. 100, 100045, fitk
20 RN EEOR —a T ERRL, Blanil. 111, 1111 (RPIFUERIEAY3, 7. 15) 5, N
RIRATTE 200 TR B e /N I T 0 SEREAND, AR AN %45 510, ZENumPyH, &34k
FEXERFbi t wi se_andpREL, ==EAERFXTN Fequal PREL,

print "Power of 2?2\n", x, "\n", (x & (x - 1)) == 0
print "Power of 2?2\n", x, "\n", np.equal (np.bitw se_and(x, (x - 1)), 0)
SERIE

Power of 272

[-9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8]
[ Fal se Fal se Fal se Fal se Fal se Fal se Fal se Fal se Fal se True True
True

Fal se True Fal se Fal se Fal se True]

Power of 272

[-9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8]
[ Fal se Fal se Fal se Fal se Fal se Fal se Fal se Fal se Fal se True True
True

Fal se True Fal se Fal se Fal se True]

() HEARB T b B RAEBC 200558 (n4, 8, 1655 ) MR, it Ay /288 —1,
VPECAEBAR . TERT— AN PERA AR, 15 200 R 25 1T LAAG3 — 83 12 s —HERIEC, dn
11, 111, 11125, SONTRAHREE THERM (mask ), 5 IR FERD ML 547 /1 ANDE ] 75 5 1) 2
HREAE BN AL TENUmPYHT, <<BRAEFRPXTN T ef t _shi ft BRI

print "Mddulus 4\n", x, "\n", x & ((1 << 2) - 1)
print "Mdulus 4\n", x, "\n", np.bitwi se_and(x, np.left_shift(1l, 2) - 1)

LR .

Modul us 4
[-9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 18]
[83 01 2 3 012 3 01 2 3 012
Modul us 4

[-9 -8 -7 -6 -5 -4 -3 -2 -
[3 01 2 3 012 3 01 2 3 01 2

w
2

IN
w
N
[
o
[
N
w

w N
ow
o
~
2
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L/ QN I A

FATF2T T =B TR ER N T G BT SR T — 2, M — N EUE RN
20, DL — R 20 RO R 5 B AR B BRATTAE 2 T NumPy hxf b F~ L &, <<, <5
PERVEST B0 FH R s A D bittwiddling.py SC7F .

import nunpy as np

X = np.arange(-9, 9)

y = -X

print "Sign different?", (x *y) <0

print "Sign different?", np.less(np.bitw se_xor(x, y), 0)

print "Power of 2?2\n", x, "\n", (x & (x - 1)) == 0

print "Power of 2?2\n", x, "\n", np.equal (np.bitw se_and(x, (x - 1)), 0)
print "Mdulus 4\n", x, "\n", x & ((1 << 2) - 1)

print "Mddulus 4\n", x, "\n", np.bitwi se_and(x, np.left_shift(1l, 2) - 1)

5.23 ZARE/E

TEATE T, Ffi127 20 7 NumPy HF )RR 10 R KR, G4 ey BSR4 LA B 3o e it T4
T BATERT AN TRARIBERE =A% ALERAR SREORT A R 855 1 HT PR AL

T, AT IFR: I NumPy AR SC N 2



F6=E

RN F S NumPy &R

NumPy A 1% % 453k 2 K2 8957 & Numeric4t /K T Ro8d . X s Ay —
RO JESCIPY P AL A B892 5, AR TR EMET, RNHFLESLEFTS
Fr it i A8 & 1A nunpy. dual B3k 6,4 F Bt ZENumPyFeSciPy ¥ 52 Lag S,
AT itk g A B L& Tnunpy. dual ¥ —3k %,

AREWT L TN

Q |inal ghbk;

O ff ek,

Q FEHLEL

Q LA S HU A

6.1 Z[H{KE]

SMEAHUE B — N EST 3o nunpy. | nal g Er R PEACHU sR AR ST MR,
AT LU R . SRR . AT R g L BOR AT 9104

6.2 mMFREK: THEHIERK

TELAEARE R, FE A O P A IR 5 245 3 — A BN HE L L %8 AT LUE HA*XAT™ =1,
nunpy. | i nal gt A nv pRECAT LIRS AR . FRATTH% 0 25 Bk X A Rt

(V) Sanm AR —AE, FRATEE Hmat s ER B RS -

A=np.mt("012;103;4-38")
print "An", A
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5 IR MEALD T B

A
[l 0 1 2
[1 0 3]
[ 4-3 8]]
(2) BitE, TRV nv pRET I 1

inverse = np.linalg.inv(A)
print "inverse of An", inverse

S PO AR RN
inverse of A
[[-4.5 7. -1.5]

[-2. 4. -1. ]
[ 1.5 -2.  0.5]]

3 S BT NAE MR A 0 R AE T Y, WAF L nAl gError . &ATHE
Q VA% G%itd, wRIERE, TASHFEZRX—T.
(3) FRATIAAG A — T D P R SR A ) 3 R A A SR 1) 45

print "Check\n", A * inverse

AHPTRE, SRR — A PR

Check
[[ 2. 0. 0.]
[ O. 1. 0.]
[ O. 0. 1.1]
N AT 24

FAME Hnunpy. i nal gl b i nv eRECGHE. TIAERE, JRRAr 1 JEUAR PR SR AT 1Y 10 [
AHFe 45 R BN o 7 B4 A% Dlinversion.py SCA
import nunpy as np

A=np.mat("012;10 3;4 -3 8")
print "An", A

inverse = np.linalg.inv(A)
print "inverse of Aln", inverse

@ 43 A RIFT A2 EF T ORISR . Jr PF AT RS S —REZ il . ——iF 8
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print "Check\n", A * inverse

&M anfa eI FERE

BIERT VA TFARAS S 7T VA6 2 4 149
(D) array

(2)create_matrix

(3) mat

(4) vect or

BEHA: SIEIEMFITERSER

FRATR AT AEE T AL, 2, RGAETELRE M BT, H 0 A
#Li nAl gError 7%,

6.3 KRt IEHE

SRR DAXS ) B E TR MR e, XU TP R R AL, nunpy. | i nal gAY RS
sol ver[ LISRFIE N Ax = b il R, Hob A BHERE, b h—4Eoll —4ER8d, x R4S
i, FRAPEZR I Hdot sR%R, FH TR AN TF S B 10 5 R

6.4 FMFLE: KE&MHAES
LEFRATR A — AT RS, ADIRANT .
(1) BIAAE AR £ 2D :
A=np.mt("1-21;02 -8,-45 9")
print "An", A
b = np.array([0, 8, -9])
print "b\n", b

FEFEAFIECAIDUN T P
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(2) T HIsol ve PRECK MR FEeH -

x = np.linal g.solve(A b)
print "Solution", X

SRIGZERANT

Solution [ 29. 16. 3.]

(3) 1 FHdot PRESUR A SRAS 1 fif J2 75 1E A -
print "Check\n", np.dot(A , X)

RPN —2

Check
[[ 0. 8. -9.]]
N AT 24

A FANumPY 1 i nal gl fsol ve BRECK M T et REd, 304 Fdot sREEIE T 3R
fRBIERAYE . 7 il G Wsolution.py SCAAF .

import nunpy as np

A=np.mat("1 -2 1;02 -8;-459")
print "An", A

b = np.array([0, 8, -9])
print "b\n", b

x = np.linalg.solve(A b)
print "Solution", X

print "Check\n", np.dot(A, x)

6.5 4FEEFNYFEREE

HF4E1E (eigenvalue) RBIJ7FE Ax= ax IR, 2—hrfe. i, AR TR, x2—
A—HE i, A AR E (eigenvector ) & THHIFER M . 7Enunpy. | i nal g, ei gval s
PRBCT LIS SE M AR, e g PREICTT AR [F]— AN 3 AR (RN IO A 4RFAIE i) R 04 o
6.6 HMFREK: KEFEEMIFHERSE

FA PRI A AR AR 1), AR ANF
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(1) B —AHHERE

A=np.mt("3-2;10")
print "An", A

BIEERYRE AN T B -

A

([ 3-
1

—_—

2]

011]

(2) 1 Hei gval s PRECK fFFAEL -

print "Eigenval ues", np.linalg.eigval s(A)
SRAFHYHFFAEELNT -

Ei genvalues [ 2. 1.]

(3) fliHei gpRBORMFRAE(EAIRFAE 0] 5 o IZRECRER Ml —Ted, &5 HECE R (AT
NERHIE R, PSSR IE(E, 55 A RFE ] & .
ei genval ues, eigenvectors = np.linalg.eig(A

print "First tuple of eig", eigenvalues
print "Second tuple of eig\n", eigenvectors

SRAFBORFIE(E AR 1) AR e ﬂ

First tuple of eig [ 2. 1.]
Second tuple of eig

[[ 0.89442719 0.70710678]

[ 0.4472136 0.70710678]]

(4) i dot PREIERIG ISR R IERT . 70T A = ax BYZEEaRr R E T,
KA AR

for i in range(len(eigenval ues)):
print "Left", np.dot (A, eigenvectors[:,i])
print "Right", eigenvalues[i] * eigenvectors[:,i]
print

LTSI

Left [[ 1.78885438]
[ 0.89442719]]
Right [[ 1.78885438]
[ 0.89442719]]
Left [[ 0.70710678]
[ 0.70710678]]
Right [[ 0.70710678]
[ 0.70710678]]
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NI AT 2H A4

A E Fnunpy. | i nal gfitkfiei gval sHlei grRECR i T 40 B R AE (B AURAE ) &, 9F
i Hdot pREAT THE ., R BECHS Weigenvalues.py K4

import nunpy as np

A=np.mt("3 -2;10")
print "An", A

print "Ei genval ues", np.linalg.eigval s(A)

ei genval ues, eigenvectors = np.linalg.eig(A)
print "First tuple of eig", eigenval ues
print "Second tuple of eig\n", eigenvectors

for i in range(len(eigenval ues)):

6.7

print "Left", np.dot(A, eigenvectors[:,i])
print "Right", eigenvalues[i] * eigenvectors[:,i]
print

A ES R

SVD ( Singular Value Decomposition, #F SEAM i ) J&—FhHFrffiaia, W— R
R3AHERE R, AT S SR BT e B RRE(E 43 i) —FPfE) . FEnunpy. 1§ nal giéEER
Hitsvd BRECT DU HE R HEA T 25 S (60 o 1ZBREIOR I3 MEEF——U . Sigmafily, HrhuRivig
TEAEHERE, Sigmad, 7 i A PRI A5 S

B FRRIEKIESE (Hermitian conjugate ) s AtHi4% & ( conjugate transpose ).

6.8

FRE: DREER

BAE, FRA PRI T3 S E R, LEAT
(D) B, AR

A=np.mat("4 11 14;8 7 -2")
print "An", A

BIERFERE AT FT7s -

A

[[ 411 14]
[ 87 -2]]
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(2) 1 Fs v d PR i I -

U, Sigma, V = np.linalg.svd(A, full_matrices=Fal se)
print "U'

print U

print "Si gm"

print Sigma

print "V

print V

PRI & R AL S 2 A P 1 P IE SR F UV, DL R ) 2 S (e I Sigma:

-0. 33333333 -0.66666667 -0.66666667]
0. 66666667 0.33333333 -0.66666667]]

(3) ik, FAIIFBA HIERS B (] A B M ——A5 2 FOR A2 BrfE, mEExT
ALk ERERI0, FRATAT LIS FHdi ag eREAE o3& a5 (A B o B o0t 1 1 3 FE B A ofe
WS
print "Product\n", U* np.diag(Sigm) * V ﬂ
TR LEIUNT
Pr oduct

[[ 4. 11. 14.]
[ 8. 7. -2.1]

R T et A4

RN 1M T — AN, AT TR IOUE T /ML . FeA T T NUmPy | i nal gl
FEgsvd R, 7~ B4t i.decomposition.py 314

i mport nunpy as np

A=np.mat("4 11 14;8 7 -2")
print "An", A

U, Sigma, V = np.linalg.svd(A full_matrices=Fal se)

print "U'
print U

print "Si gma"
print Sigma
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print "V
print V

print "Product\n", U* np.diag(Sigm) * V

6.9 I Xi%iBEkE

FEIR - B ) GRS ( Moore-Penrose pseudoinverse) AJ LA Hnunpy. | i nal g
pi nv EREGHEATRAR () SO AR R Y HLAR g S R] hittp://en.wilki pedi a.org/wikki/M 0ore%E2%680%-
93Penrose_pseudoinverse ), TSGR FETTE B A . i nv sRECR B2 T BRI A
FEFE, Tipi nv BREONEA X PR

6.10 #WFLE: HE NFHER
Fell R HHSLAIERY) ™ SCBAERE, LRITT .
(1) Fo, QR

A=np.mt("4 11 14;8 7 -2")
print "An", A

B PHFEIT PR
A
[ 1 14]

41
87 -2]]

[
[
(2) i pi nv BREC TSGR -

pseudoi nv = np.linalg.pinv(A)
print "Pseudo inverse\n", pseudoinv

THRERT .

Pseudo i nverse

[[-0.00555556 0.07222222]
[ 0.02222222 0.04444444]
[ 0.05555556 -0.05555556] ]

(3) B SRR B ANAS B ) S A e -
print "Check", A * pseudoi nv
BN RIFAR ™M RSC R AR, HARR L, R oR:

Check [[ 1.00000000e+00 0. 00000000e+00]
[ 8.32667268e-17  1.00000000e+00] |
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R AT 4

FAE Hnunpy. i nal gt ifpi nv sRBO T T HEMER)) SGERERE . fERAERS, IR
VeSS SGEFEREARTE, 14 BIAESR R — DTSR . 7- X6 U pseudoinversion.py U

i mport nunpy as np

A=np.mt("4 11 14;8 7 -2")
print "An", A

pseudoi nv = np.linal g. pi nv(A)
print "Pseudo inverse\n", pseudoinv

print "Check", A * pseudoinv

6.11 1755

175120 (determinant ) & 5 77 FEAROCI)— M Fn i fd, FEECH AR 2R (TR
24111 [7) http://en.wikipedia.org/wiki/Determinant )., X} F—~nxnif 280, 1790 R0 &
— AT A AR P A o A8 R IE R R T A R 1) (R
BGOSR ), M SRR T 25 M B E ) . nunpy. | i nal giEddidet sRBOT LA FE Y
(SR1F .

6.12 BhFEE: HEIEEMITIIR
BT, PR,

A=np.nmat("3 4;5 6")
print "An", A

BIERYFERE AT Frs -

A
[

o w

4.]

6.1]

(2) fiiFdet PRETRATHI

print "Deterninant", np.linalg.det(A)
IHRLERATT

Determ nant -2.0

—_——
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NI AT 2H A4

FAEHnunpy. i nal giiikrftdet sRECTE THFERTTHI . = E1HE5S I.determinant.py
S,

import nunpy as np

A=np.nmat("3 4;5 6")
print "An", A

print "Determnant", np.linalg.det(A)

6.13 [RiEfEEM T

FFT ( Fast Fourier Transform, Hesfifef B 284 ) B—FEs0iT35DFT ( Discrete Fourier
Transform, BB MAR L ) MRTE . FRTEIL AR YR & L TR EN, MR EME
O(NlogN) . DFTFEfSZACRE . ERURALEE | KA mo 7 FE S5y AR A N H . ZENumPy e, 75—
AZREf t BRSPS B AR DI RE . AR MR R 2 pREIGER R IR,
SRR URVT 22 SRR O R RS olan, £ F ¢ R f f £ pRBCIEH A i — X

6.14 #ZHFLE: HEEEH TSR
B2, Tl PRI — A T A MR R
(1) QU — ML A0 IRIARINT S, AT HiR

x = np.linspace(0, 2 * np.pi, 30)
wave = np. cos(Xx)

(2) I £t PREOS AR 5Z AR 53 T L84

transformed = np.fft.fft(wave)

(3) XRS5 A5 R n i f £t eREL, RO AT LI RA F R G (55

print np.all(np.abs(np.fft.ifft(transformed) - wave) < 10 ** -9)
ZERAE

True

(4) i JIMvat pl ot | i b2 HR 155

pl ot (transf ormed)

show()
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AR R T B AR 5 B Y

R T At A4

WA TERTZIATS LA Tt pREL, Bl XA 25 50 i f f t BREGE R T 155 . B
fih W.fourier.py X1

i mport nunpy as np
frommatplotlib.pyplot inmport plot, show

X = np.linspace(0, 2 * np.pi, 30)

wave = np.cos(Xx)

transforned = np.fft.fft(wave)

print np.all(np.abs(np.fft.ifft(transformed) - wave) < 10 ** -9)

pl ot (transf or ned)

show()

6.15 &0

nunpy. | i nal gBEEH G £t shi ft pRECRT DO FRT S P 09 B o RS sh 2 i vh e
i fftshiftpRBONREHHERAE,
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6.16 #HFLEk: BN
RS T A, SRIFHTRAHRE, SRT
(1) QIR — AL 301 A AN o

x = np.linspace(0, 2 * np.pi, 30)
wave = np. cos(Xx)

(2) fFIE £t PRBON AR SR AR 5 Tl L R 48k

transfornmed = np.fft.fft(wave)

(3) fli HIf f t shi ft ERECHATREIIIRME

shifted = np.fft.fftshift(transforned)

(4) i £ ftshi ft sREGHETTHHRNE, ORGSR HRERTINE .

print np.all((np.fft.ifftshift(shifted) - transformed) < 10 ** -9)
ZERAE

True

(5) i Fvat pl ot | i b3l il AR FIAS SAL B 1155 o

pl ot (transformed, |w=2)
pl ot (shifted, |w=3)
show()

IR R R T A LA R PSR R R I Y .
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L/ QN I A

FRATHE A B AR 0 J5 PO A e S S L TFft shi £t PR, BfJS i fftshift sREUR
JETAES . A~HHAS Wfouriershift.py U4

i mport nunpy as np
frommatplotlib.pyplot inmport plot, show

X = np.linspace(0, 2 * np.pi, 30)

wave = np.cos(Xx)

transforned = np.fft.fft(wave)

shifted = np.fft.fftshift(transforned)

print np.all(np.abs(np.fft.ifftshift(shifted) - transforned) < 10 ** -9)

pl ot (transfornmed, |w=2)
pl ot (shifted, |w=3)

show()

6.17 BENLE

BEHLEAESE R 573 (Monto Carlomethod ). BEHLBUM R 2 )7 T BT ECHENLEC
AR, DR SRR LT P T T4 G O BRLEL . 7E A BT T DRI 28

WEREHL, IR BERETRI TR . A7 BN 0T U7ENUmPYr andomES e Wbl ﬂ
BUR A f A% DB 5 T R R4 35 ( Mersenne Twister algorithm ) (1), FEALECAT LA
MBS A TP A . A BRI — TR B8 e, JHI T4 T B LK

HOBCRE. B M AV E IR AR TA, A B UK B AR R . SehE Bk

A ST oM . LA R — T

6.18 HNF LRk FEMEIEEX

T IR REnANST E A SR ARG TP I R B B R A A, X MRS [ N AR
SiREAERIK

BRI R T — AT ZE B3 , TEAE R — N0 T W ik T 8Oy v . B —Ae oM o
QSR> FOROEE TR W, R8I W Ay s I, AR A L T . FRATTSIAR Y
— NI AR, WA AR A 10000 v . Ak, FRATTFE ZE FHr andomiE e 1 i bi nomi al
I‘I‘lﬁo

AT HEf#bi nomi al PREAYHHES, IHSERMAN T AR,

(1) WIEEE— OB L A TCRIAT A . LLZ8010000 fibi nomi al pR%L, HBEEFRA]
AR 377 5110 000%E Al I ek
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cash = np. zeros(10000)
cash[0] = 1000
out come = np.random bi nom al (9, 0.5, size=len(cash))

(2) Bt — A T Y 25 R F B BTcash 4 . 4TENHiout come i/ MEFIERKR(E, I
b R A A AR S A

for i in range(l, len(cash)):
if outconme[i] < 5:
cash[i] = cash[i - 1] - 1
elif outcone[i] < 10:
cash[i] = cash[i - 1] + 1
el se:

rai se AssertionError("Unexpected outconme " + outcone)
print outcome.mn(), outcome.max()

AR, A S EARTE0~92 1] -
09
(3) fii HIMatplotlibz: filcas h %4 -

pl ot (np. arange(| en(cash)), cash)

show()
MWTFEP T LIER], FATFRR A ZEHLIE (random walk ) R,

L/ QI A

FAT 1 FHNumPy r andomi& e th 9 bi nomi al pREIEALL T BENLIEE . 7~ 51185 iheadortail .py
S
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i mport nunpy as np
frommatplotlib.pyplot inmport plot, show

cash = np. zeros(10000)
cash[0] = 1000
out come = np.random bi nom al (9, 0.5, size=len(cash))

for i in range(l, len(cash)):
if outconme[i] < 5:
cash[i] = cash[i - 1] - 1
elif outconme[i] < 10
cash[i] = cash[i - 1] + 1
el se:

rai se AssertionError("Unexpected outcone " + outcone)
print outcone.mn(), outcone. max()

pl ot (np. arange(l en(cash)), cash)

show()

6.19 #BJ/LAH%H

#4346 (hypergeometric distribution ) J&—FESHIMER G, BRI E— T B A
WAE, Tl N PG E B R, R E RS R EE . NumPy r andomis
Hefihyper geonet ri ¢ BREAT UL F A0 o

6.20 FMFLE: FWEFKRFTHE

B XN T H , A BT A — AR, AT A — AT L 3
BHOFLm . 8T RA A CEEERT, —BXDERPHEL, SIS Eesr . MR TR
3Bk AR A HARRI 25K, IR AT ISR K, An2R—3tA7 10018 A 59l E 6 ]
B, AR OLE BRI O TR DN, TSR T AR ER

(1) ffiffIhy per geonet r i ¢ FECHI A fLHERGHLE FARIE . 2R BUII S — S B0 R 2 R
BB, BB ANBRO CBIER BOBCE, S S B UOREE (BOR) ROBC

poi nts = np. zeros(100)
out comes = np.random hypergeonetric(25, 1, 3, size=len(points))

(2) M4 b — 207 A A R T SRR 14573

for i in range(len(points)):
if outcomes[i] == 3:
points[i] = points[i - 1] + 1
elif outcones[i] == 2
points[i] = points[i - 1] - 6
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el se:
print outcomes[i]

(3) i [fIMat pl ot | i bZ:flpoi nt s%ZH .

pl ot (np. arange(l en(poi nts)), points)
show()

TEER TR AR

R A T 24t 4
FAVH FINumPy r andont e rhfhy per geomet ri ¢ BRI T — Mk F H . XM,
A0 B T4 — 45 E 7 BLBLH AR IR S 7R O Iurn.py ST

import nunpy as np
frommatplotlib.pyplot inmport plot, show

points = np.zeros(100)
out cones = np.random hypergeonetric(25, 1, 3, size=len(points))

for i in range(len(points))
if outcomes[i] == 3:
points[i] = points[i - 1] + 1
elif outcomes[i] == 2:
points[i] = points[i - 1] - 6
el se:

print outcones[i]

pl ot (np. arange(l en(points)), points)

show()
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6.21 EEHTH

HELE5 AT LUFIPDF ( Probability Density Function, B2 pRER ) Sfedliih ., BibLAE 47K
— DX [H) A AR 2R A5 T3 2 B pRASFE I X RIS T 2 T 5 TR . NumPyr andomi$E iy — 551
YESES3 A6 B R E—bet a . chi squar e .exponent i al .f ,gamma.gunbel .l apl ace.l ognor mal
| ogistic., nultivariate_normal . noncentral _chisquare. noncentral _f . normal &,

6.22 EhFEEK: LHIESHSH

BEALEAT LU IEZS 70 Ai v A, BATTHY BT IR RERS B 220 im0 125304 o F2 IR T 20 B2
B

(1) f# FINumPy r andomfEe 1 (¥ nor mal pREL A= 36 1 0 I REHLEL

N=10000
nor mal _val ues = np.random nor mal (si ze=N)

(2) 253 5 RUAENE EAOMER 2 B pR AL (I(E 0. & NIIES G ) Mgk, &)
P41 HIMatplotlibiEF 224

dummy, bins, dummy = plt.hist(normal _values, np.sqrt(N), normed=True, |w=1)
sigm =1

m =0

plt.plot(bins, 1/(sigma * np.sqrt(2 * np.pi)) * np.exp( - (bins -mu)**2 / (2 *
sigma**2) ), w=2)

plt.show()

R, Ao LIA R R IE I
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L/ QN I A

FATim 7 NumPy r andomfE e inor mal BRECELL IE 252041 . FRATTRAZ R B0 1
BEHLE L2 0 oA B R, RIS T AR IR S0 A BB 2. 7= BHS inormal dist.py
At

import nunpy as np
inmport matplotlib.pyplot as plt

N=10000

nor mal _val ues = np.random nor nal (si ze=N)

dumy, bins, dummy = plt.hist(normal _val ues, np.sqrt(N), normed=True, |w=1)
sigm =1

m =0

plt.plot(bins, 1/(sigma * np.sqrt(2 * np.pi)) * np.exp( - (bins -mu)**2 / (2 *
sigma**2) ), lw=2)

plt.show)

6.23 MEETHH

YHEUEZS 5046 (lognormal distribution ) 2 [ SR X4 M IE 2520 A AT 2 B AL AE 1 (R AR 43
flic NumPy r andomfEEe i1 ()1 ognor mal sREUEL 13X 4435 o

6.24 FFLEK: LFIMBESIH
FRATIZ ] X BOE 28534 B2 B R A B R B oA B 18], ALBRINE
(1) f# FINumPy r andomiEEER 1 fnor mal pREL™ A BFERLEL .

N=10000
| ognor mal _val ues = np.random | ognor nal (si ze=N)

(2) Z:il o3 A ELT B RIERE AR pR AL (N0, J5 2201 ). AP Matplotlibitt
ﬁ?gzipglo

dummy, bins, dummy = plt.hist(lognornal _val ues, np.sqgrt(N), norned=True, |w=1)
sigm =1

mu = 0

x = np.linspace(m n(bins), max(bins), |en(bins))

pdf = np. exp(-(nunmpy.log(x) - mu)**2/ (2 * sigma**2))/ (x *sigma * np.sqrt(2 * np.pi))
plt.plot(x, pdf,lw=3)

plt.show()

UDARBT UL, ELT7 P R EEHE A 8 1 pR AR 14 e AR AT
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R T At A4

FA T T NumPy r andond B 111 ognor mal R A STEUE S50 o oAl 1% ek
) BE AL B 22 ) B o AR BT R, R AT T B IS b A AR R B R Al £ . s AR R ﬂ
lognormaldist.py (14

i nport nunpy as np
import matplotlib.pyplot as plt

N=10000

| ognor mal _val ues = np.random | ognor mal (si ze=N)

dummy, bins, dummy = plt.hist(lognormal _val ues, np.sqrt(N), norned=True, |w=1)
sigm = 1

m =0

x = np.linspace(n n(bins), max(bins), |en(bins))

pdf = np.exp(-(np.log(x) - nu)**2 / (2 * signa**2))/ (x * sigma * np.sqrt(2 * np.pi))
plt.plot(x, pdf,|w=3)

pl t.show()

6.25 ZAREF|/NLE

TEAT T, Fef]12 2] TARZ NumPY BRI, G 12U, DR i e e | 22y
A FES T A1 L S BERLECE N AR

TE T —r, A PR — 2L IR X SR BT REA 2 H I E], (H 4R Btk H
ﬁ}zﬁo



EANUMPY R P, BMAN LRI A TRt EARETAE @Gl —
sk ax ey F R, FiEML, NumPysE b 2 R K3H 0 E K., AFHorr
NumPy ¥ 4938 5% i S,

AREWME LI TN :
Q Hr A ;
Q FEoR RS
Q £l PR
Q % eR%

7.1 HF
NumPy42 4t T ZFhHEF REL, T PR

Q sor t BREGR FIHET 5 %A ;

Q | exsor t PRECHR Y S (E ) F M7 1 THE T 5

Q ar gsor t PREGR M1 A B HET J5 1 N hrs

Q ndar r ayZ&fysor t Jrik A HE T IR HET 5

Q msor t BB E S — A HHET 5

Q sort _conpl ex PR £t 1R e S8 5 HE T e 1 T HE

1E LI EgIET, ar gsort Flsor t pRELAT X NumPy £ 2l 2 A T HEF

7.2 HFLEK: BRFHFHF
NumPy 141 exsor t PRETR 14 AL e P HEP 5 09 N A AT TF 22451 exsor t pREdE
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BEHER Frifcls i s SOt d . APBRUTT o

(D) 10— P S 3T R AV A AAPLIB A Bl ,  BRAEFRA 2O X LEAR A LRI 8t FH e 5¢
EAFERIHTT o A TR BAMELN R H 8E . 2R, AR ERIRE %, ATy S T8
[EBEESAEE 8

def datestr2nun(s):
return datetinme.datetinme.strptine (s, "%l-%n %").toordinal ()

dat es, cl oses=np. | oadt xt (' AAPL.csv', delimter=", ",
usecol s=(1, 6), converters={1:datestr2nun}, unpack=True)

(2) il exsor t REHER . BdliA Ly B 24k 8 H WY, Al A TR DL Seti BRI o
HEF -

indices = np.lexsort((dates, closes))

print "Indices", indices
print ["% %" % (datetine.date.fronordinal (dates[i]), closes[i]) for i in indices]
F AR

['2011-01-28 336.1', '2011-02-22 338.61', '2011-01-31 339.32'
'2011-02-23 342.62', '2011-02-24 342.88', '2011-02-03 343. 44’
'2011-02-02 344.32', '2011-02-01 345.03', '2011-02-04 346.5'
'2011-03-10 346.67', '2011-02-25 348.16', '2011-03-01 349.31',
'2011-02-18 350.56', '2011-02-07 351.88', '2011-03-11 351.99
'2011-03-02 352.12', '2011-03-09 352.47', '2011-02-28 353.21',
'2011-02-10 354.54', '2011-02-08 355.2', '2011-03-07 355. 36’
'2011-03-08 355.76', '2011-02-11 356.85', '2011-02-09 358. 16'
'2011-02-17 358.3', '2011-02-14 359.18', '2011-03-03 359.56'
'2011-02-15 359.9', '2011-03-04 360.0', '2011-02-16 363.13']

L/ QN I A

FAE FHNumPy H A1 exsor t BRECTAAPL SN BEE AT T HER . 1Z R0k 0l T HER 5
B N hR B Wlex.py SCIF .

i nport nunpy as np
i mport datetinme
def datestr2nun(s):
return datetine.datetine.strptine(s, "%-%n%").toordinal ()

dat es, cl oses=np. | oadt xt (' AAPL.csv', delimter=",', usecols=(1, 6),
converters={1: datestr2nun}, unpack=True)
i ndices = np.lexsort((dates, closes))

print "Indices", indices
print ["% %" % (datetine.date.fronordinal (int(dates[i])),
closes[i]) for i in indices]




BYHA: ZRXAEHFRF

FA A B AN Ao B BGIR T 347 T 5 2R R R 6 HE R 5 R RANE E—F
5] #r andonmiE 3 A R MALE I | exsor t ST AT HE S

7.3 E#

SR SRR A MR 43 o A [R) e R TG B 315 R R B0, NumPy o £ T 2 Bk,
5 FHW NP S Bk 2 n B2 80, XL 500 LU FINumPyf¥sor t _conpl ex BREGHATHER . iZpR%L
iz BRSSO HEY -

7.4 HFXEK: WNEHKHITHF
AT E B I AT HE Y, PBRINT
(1) A= RS FEHLEAE SR, SABEHLEE BT . B LA 742
np. random seed(42)

conpl ex_nunbers = np.random random(5) + 1j * np.random random(5)
print "Conplex numbers\n", conplex_nunbers

(2) 8 Hisor t _conpl ex BREO LA L & B THER -
print "Sorted\n", np.sort_conpl ex(conpl ex_nunbers)
HEP 5 I ZE AN F

Sorted
[ 0.39342751+0. 34955771 0. 40597665+0. 77477433j
0.41516850+0. 26221878j

0. 86631422+0. 74612422j 0. 92293095+0. 81335691j ]

L/ QN I A

AT B T BEALIY & BT 8 H sort _conpl ex AN EATHEAT THET o 7 0] 48 7 I,
sortcomplex.py 3.1
i mport nunpy as np

np. random seed(42)
conpl ex_nunbers = np.random random(5) + 1j * np.random random(5)
print "Conpl ex nunbers\n", conplex_nunbers

print "Sorted\n", np.sort_conpl ex(conpl ex_nunbers)
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REMIG: A RREHLEL

E)RE1 VAT AR— ASNUmMPYAE 3R 5T VA 2 R REALAL?
(1) randnum

(2) random

(3) randonutii |

(4 rand

75 H%E

NumPy 2~ R B AT DIZERU rh T4 &, iR o,
O ar gmax PRHGR [P HP B KA XTI T

>>> a = np.array([2, 4, 8])
>>> np. ar gnax(a)
2

O nanar gmax PRECEEHEAR R A DIRE, (HZHENaNfH

>>> b = np.array([np.nan, 2, 4])
>>> np. nanar gmax( b)

2
Q ar gmi nflinanar gm neREIIREFML, SR T Fe/IME.
Q ar gwher e PREURYE ZAHERAETOTER , o0 4R B0 T A7

>>> a = np.array([2, 4, 8])
>>> np. argwhere(a <= 4)
array([[0],

[111)

Q sear chsor t ed BRELAT IAFE E FEAME TR 4E R HE R (9 R 5 0 & iR B — 43
HRE:, B ELE NO(og(n). FeATBE G # Bk F > XA pR%k .
Q ext ract PREGR M1 /238 & SR MFRBLTR .

7.6 THWFXRE: (£ searchsort ed B

sear chsor t ed PRECHTE & 148 AMER [l — N TEA TP P RS 108, XA B4 A AT
DU A ek . R I A9 1T AR RS BV 2E L 52 N AR IR

(D) TATFTE TR R . i ar ange PRELERIE — A THTHEI K -



128 $ 7% ERSH

a = np. arange(5)

(2) Bi7E, Mk Hsear chsort edpRi%h

indices = np.searchsorted(a, [-2, 7])
print "lndices", indices

A E T | RIAT AR R R B AL
Indices [0 5]

(3) i i nser t pREH HE5E B 1A -
print "The full array", np.insert(a, indices, [-2, 7])

ERIT

The full array [-2 012 3 4 7]

L/ QI A

[-2,

7.7

sear chsort ed RECH7THI-2iR [7] TR 5[5M0, HIXEERGIVEMMALE, A4 T4
0, 1, 2, 3, 4, 7], XS4 TR MHET . A~ EIHS I sortedsearch.py U1

import nunpy as np

a = np. arange(5)

indices = np.searchsorted(a, [-2, 7])

print "lIndices", indices

print "The full array", np.insert(a, indices, [-2, 7])

S04H TR BN
NumPyiiext r act BT LUMRSE N AP E B PAIOE R . 2 BRECRIZN 1743375 it )

jdHwher e BREAEML, nonzer o PRECEL T I HSEFMEAR R AU ICE

7.8

HF KL AEEPMEUTE
FATEMN— DB PHIEEOTR, LBRNT .
(1) i Far ange pREL B A
a = np. arange(7)

(2) LM B EOTR AL

condition = (a %2) == 0
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(3) fii fHext ract PRECHE T4 U 25 MEEH HHMIBOT R
print "Even numbers®, np.extract(condition, a)

B B P REEOTR, TR

Even nunbers [0 2 4 6]

(4) fiifnonzer o pRECIIEZ T AET TR

print “Non zero", np.nonzero(a)

AR AT

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

R T At A4

FAME Hext ract REURHE— 48 & 191 R S5 DB b B T BT = . /R BRI
extracted.py 31,

i mport nunpy as np

a = np.arange(7)

condition = (a %2) == 0

print "Even nunbers", np.extract(condition, a)
print "Non zero", np.nonzero(a)

7.9 SEhEE
NUMPy A IR Z 4R AL, AR s .

Q fveREGTEFHEZYE (futurevalue ), BIIET—UB{5 45 H AN G Rl g Pede R ok S —
I [ 57 A A P

O pv RS EIUE (present value), BI4Eb%E = YRTAYME.

Q npv EREUR P EEIE (net present value ), BRI BlRITE G4 Z A,

Q prt BRI AR 4 AR B A 75 AT 480

Qi rr EREGTE NG (internal rate of return ), PNFRISZE F8 2 1 PRy OIS (1445 4 )
R, AFEERHEE,

Q m rr RO TEBIFE NI % (modified internal rate of return ), & IS 204 ek
FAS

Q nper PRELT A E BT A EIEL

Q rat ePRE TR (rate of interest ).,
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7.10 BhFXE: TELE

LB SR B T — LU 45 0 I A G Al P TR AR B — B ]SS (. A MHDOE T412
B B BN SR B . AT R, TRATBIRIR3% , AR
110, A7 ISR L) K B E 1 000 4T 2408

il HIER I SEE T v RS, THR2YE:

print "Future value", np.fv(0.03/4, 5 * 4, -10, -1000)

ZPRAT

Future val ue 1376. 09633204

AR T A AR 301 SAF A7 3 H A T EE UM A L0 A A BT 6 o ARFBA TR A7 3 4T
BOFRFFEHARS B, KA AHLE R

R BT A A4

BATUUFIHRI%, BTS2 510, Ak AL BEL 000825481, {f FHNumPyH 1)
fvERBOTE 7248, FRATEE A E R FERR B2 T 2B B BOS R, R B AHS W futureval ue.py
Ak
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i mport nunpy as np
frommatplotlib.pyplot inmport plot, show

print "Future value", np.fv(0.03/4, 5 * 4, -10, -1000)
fvals =[]

for i in xrange(1, 10)
fval s. append(np.fv(.03/4, i * 4, -10, -1000))

pl ot (fvals, 'bo")
show()

7.11 A

BUE (present value) JEFE T =FE S AT ZIN(E. NumPyH 8pv BRECAT LI A BUE ., %R
BORIE v SR B BEGTFRRY , [FIRETT ZAR | IR, BT B Se 2450, A i i L A A,
b A

7.12 @hFLEK:. HEIE
A IR AT 361 3 Bl P — 7 2 P O B B
{6 7. 2075 o Y B (ot R B

print "Present value", np.pv(0.03/4, 5 * 4, -10, 1376.09633204)

FrERUNOE DR, AT EE R 0281000, MsEks b, X A —FRoRiE L
Al TR TR RS AR, A R AT A — M AT,

Present val ue -999. 999999999

R 4T it 4

AT L —HR P LAE I T T WA, 58 T IE. X2 HNumPy S py B ELSE
A
7.13 &IME

HELE (et present value) & CNARITELRITA B4R Z A1 NumPy 1 npy PREGR
HIME, ZRECT BB, BRI — A R 4 i A B
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7.14 HMFXE: TESEDE
AW Sy — A BEDLAE B i R e . PIRINT .
(1) ZE S BEALEUE D LA IR A HUE . 4 - L00/EAWILRTE
cashfl ows = np.random randi nt (100, size=5)

cashflows = np.insert(cashflows, 0, -100)
print "Cashfl ows", cashfl ows

A A IR AR T s

Cashflows [-100 38 48 90 17  36]

(2) MG 2L A i B K , 8 FHnpv BT R IE . FIR4E3%1 5.
print "Net present value", np.npv(0.03, cashflows)

T R BE T

Net present val ue 107. 435682443

L/ QN I A

FA VS Fnpv pRECH —ZHFEHLAE B IR G BRI T IE . 7= A% Wnetpresentval ue. py
S,
import nunpy as np

cashfl ows = np.random randi nt (100, size=5)
cashflows = np.insert(cashflows, 0, -100)
print "Cashfl ows", cashfl ows

print "Net present value", np.npv(0.03, cashfl ows)

7.15 RERILIZEE

Wk zE % (internal rate of return) SZIEL{E OB A ZFR,, A% RN R . NumPy
HRERE T PREOHR IR 25 R (A B4 T B AR [ 1 F1 PRI 25 2

716 HFERHK: HEABKEE

X RIRATTE 72405 A BB R
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T Z AR A B B A A, VR rr R

print "Internal rate of return", np.irr([-100, 38, 48, 90, 17, 36])

THE BN RS A

Internal rate of return 0.373420226888
R AT i 2

TAMEHZATH “shFseme” ZoRh B e mEds, 158 TRl 2. X2
NumPyH i e pRETSE Y
717 SHEAFEK

NumPy 1 ¥ pnt BRECAT LIARSE R R RO T S s I s A s 4

7.18 EhFELEK: HESHT

RBLARDEFI00TT , AEFNHH10%, LHIBOLEMALESE BT, M AREH RS2 %4
Wg? FAPRITE—T

FEFHNIA SRS RUE, 4 prt pREL.

print "Paynment", np.pnt(0.10/12, 12 * 30, 1000000)

TE A A I IR .

Payment -8775. 71570089
R 4T it 4

FATE T 5810007 | AEFPR10%PE AL T 1) A a4, B2 0] 304E, pt sRiEs
PRI A5 H 75 Z8 1 9% 45 8 775.715 700 89,
7.19 {TFRERE

NumPy finper pRECAT LATHE 2SI B0 8. s S BO SECRIA | [l i H A3t
ALK BRI
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7.20 TFLE: HETFREA
Z JEHYF9 000, AFEFIH10%, 4 H [EE R 10009 ETE o
Hidnper pRECTA AT A%

print "Nunber of paynents", np.nper(0.10/12, -100, 9000)
THAH AT AR EN T -

Nunmber of paynents 167.047511801

N A48T it 4

AT T HEEK0000, AFEF#610% ., A3 [ A3 1000 I T Brds A gt . 4558 0167
MH.
7.21 F=

NumPy 1 [)r at e PREIHR IR 25 5 IO 208 . AEIAT TR 4 L BRI AL ETTRRR

7.22 #MFLH: HEME
AV 7. 200 A BUESE T A, th A SR AR
A Z BT R BUEAE S
print "Interest rate", 12 * np.rate(167, -100, 9000, 0)
INFATHCEL, TR A A2 10%.

Interest rate 0.0999756420664

AT At A4

FAEFH T NumPyfir at e BRECFIZ AR “BhFSE” ZOREROEE, 18 T HERR .,
i AiR2s, FRMM1AE8) T JESCHHI10%,

7.23 BHEHE
PRZL (window function ) J&{i5 5 AbFRATIELF AR R, AHOCR A FE TS S0 HT FIE I i i5
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THEE | TXEETT pRASRAE 20 7 IX B Z FMEE S 20, NumPy AR Z2 23 REL, Wibar t 1 et t | bl ackman,
harmi ng. hanni ng#fllkai ser , J&Fhanni ngREAIE]F 1] LIFE R4 FEE 35k 3,

7.24 THFELE: S EHFFEHE
LA R (Bartlett window ) & —F =ML . A0 T AR HI LR AR
(1) FHINumPy s fbar t | et t BR%L, DITHE SRR
wi ndow = np. bartlett(42)
(2) fiFMatplotlibZs i CVRFFIR T, AR5 T2

pl ot (wi ndow)
show()

AR AT B, RIS =T

R AT et A4
FAT 1 FINumPy i fbar t | et t PREZ T T EVRRFIRRE .

725 HERZEHRE
2% (Blackman window ) 230 ok =T sZ(H A INAL, W R R .




NumPy bl ackman pREGR R 3 r0 & 1 . 12 pRBOE— RS EO it A O Rc: . an2i s
HO/INT0, AR o] — 2 B

7.26 #MFLE: ERMRESE FERNEE
Tl AP AAPLIHY /GRS OB A BRI TP B, SER R 6T
(1) HEECHEHANUMPY S 51 FHIbI ackman B B — - BRI T M

cl oses=np. | oadt xt (' AAPL.csv', delimter=","', usecol s=(6,),
converters={1: datestr2nun}, unpack=True)

N = int(sys.argv[1])

wi ndow = np. bl ackman(N)

snoot hed = np. convol ve(w ndow wi ndow. sum(), cl oses, node='sane')

(2) 1 HIMatplotlibZ il P 5 H AN L FEX A7 rh - FRA DR Wi d5 i T 51 s I T 54>
Bl o X TAEEAR SR 13 800

pl ot (smoot hed[ N: - N, |w=2, | abel ="snoot hed")

plot(cl oses[N:-N], |abel ="cl oses")

| egend(| oc=' best")
show()

Zoad A 3 v e 1 V18 IS A AAPLISCER N B n N i
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L/ QN I A

FAT I NumPy bl ack man bR AR B0 A 3 7 2 1 6T AAPL IS AN B8l 64T T - 4b
M, FEHMatplotlibZ: il 1 F- i alE A K . 7 Filf S Wplot_blackman.py SC 4

i nport nunpy as np
frommatplotlib.pyplot inport plot, show, |egend
frommatplotlib.dates inport datestr2num

i mport sys

cl oses=np. | oadt xt (' AAPL.csv', delimter=",', usecols=(6,),
converters={1: datestr2nun}, unpack=True)

N = int(sys.argv[1])

wi ndow = np. bl ackman( N)

smoot hed = np. convol ve(w ndow wi ndow. sun(), cl oses, npde='sane')
pl ot (smoot hed[ N: - N], |w=2, |abel ="snoot hed")

plot(closes[N:-N], |abel="closes")

| egend( | oc=' best"')

show()

7.27 NEAE

I ( Hamming window ) T2 = —AMIA A 5% pR %, =0T Fis .

w(n) = 0.54+ 0.46003( l\j’mlj o<n<M-1

NumPyH fJhami ng pREGR [P o i pRRHE— IS A0 it Rl R . R A8 D 0slg
/NT0, MR —2zs K

7.28 FMFLE: LHINBE
AR R G . SERan T A9,
(1) T hami ng %L, DA
wi ndow = np. hanmm ng(42)
(2) {di FFIMatpl otlibZ2 il 73 B 7 -

pl ot (wi ndow)
show()

i a R EITR

R AT et 4
FAVHE HINumPYH I hanm ng pR%RZ: I T I % .



7.29 FE®E

IR (Kaiser window ) J& D D1 ZE/R k%l ( Bessdl function) € I, AT R,

[ 4n?
w(n) = Io(ﬁ 1_WJ/ Io(ﬁ)

XA EN A ZE B Y DL ZE /R R, NumPyrhfkai ser pREGR MTILIEET . IZRELHYSE — 1S
ROk iR . WREER 90/ T0, LR [l —A2s 8 . 5 AN SHONBIE.

7.30 HFKE: LHIYEF
AR RIS . SEan T A8,
(1) WHikai ser pR%L, LITBEHFER .
wi ndow = np. kai ser (42, 14)
(2) fdi FIMatplotlibZ: L7 -

pl ot (Wi ndow)
show()
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S R BT

R AT et 4
FATH FINumPy R kai ser PRERZ I T B .

7.31 TREFERLE

AR L — 2L FHECE RS AR T N ZY . DUZE/R %l ( Bessel function) & D1 ZE/R 53
7 R BRAERR RS (1 D http://en.wikipedia.org/wiki/Bessel_function ), 7ENumPy 1, Lli 0 FER%45
— BB IR G D ZE/R RS, si ncREHENUMPY A R4 igsi ne, I HiZmBuls —4 4k
WA, sinciz—A~ =M pR%L, 2NN 25 ViRl http://en.wikipedia.org/wiki/Sinc_function.

7.32 THFEEK. LFHIEIERMNEREY
ol IR T T4 — Sl TR UL S bR B2 S e H 2 TR

(1) fEFHNumPY1 i nspace sRiEA i — 21 345) o i (A

X = np.linspace(0, 4, 100)



140 % 7% FRAIHK

(2) i OB TR
vals = np.i0(x)
(3) fliHiMat pl ot | i bl fE IE ) DL 28K BREL -

pl ot (x, vals)

show()
2 ESE S )

R BT At A4
FA T HINUmPY R O pRERZE ] 12— B IE R B D 67K R AR

7.33 sinc #HE

si nc PRETE R AV S A FRATUIS A 2 W H . NumPy oA ] 44 i%ksi ne, 3¢ HWAE—
YRR
7.34 ThFEEE: 2% sinc K

Fei 2 thlsi nc %R, e A8,
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(1) fd FINumPYAY1 i nspace pRELA: i —2H 2455 70 A B0 A
x = np.linspace(0, 4, 100)

(2) W Hsi nc REGHT T :

val's = np. si nc(x)

(3) i FiMatplotlibZ:ilsi nc Bk -

plot(x, vals)

show()
2 HIESE Sl )T

si nc2d PRETE Bk A— " " 4E5EH . AT LI Hout er pREUA A 4E%EH, A3 F A,

R A T 24t 4
FAE FINumMPyY R Ysi ne BRI T &4 1si ne sR%, /s BilCHS D plot_sinc.py 314

i mport nunpy as np
frommatplotlib.pyplot inmport plot, show

x = np.linspace(0, 4, 100)
val s = np. sinc(x)

plot(x, vals)

show()



FATHARE R I 2H T —4E0si nc R, S Wsinc2d.py S04,

import nunpy as np
frommatplotlib.pyplot inmport inmshow, show

X = np.linspace(0, 4, 100)
XX = np.outer(x, X)
val s = np. si nc(xx)

i mshow( val s)

show()

7.35 KRE/ING

RENG T — L L HIPEESRFINUMPYIIRE, GFRHEF AR R | L AR Gl ek L b 7 b
TE R —F, FA PRE 2T AR F AR e U5 T (4 R



#8E

R = 12

AR R RSP K, 4o RAR R AT P o — 0, RTaE AT
FUM R A T AR, EUNRR WS R BB A FnRAER, Ak
) IR A 3R, B 6 AR B X ST ] K, T A K, SEAS F 2R, B P 6 AN R
By, B— AT RAU S, — D E R A AT K, ST K T R
H IR, R SRR E. TE LGRS, MR E A EN,

Python & & xt £ 7t il X 3t A B 3F 69 L & . sbsh, NumPy ¥ &L A
nunpy. t est i ng &L =T A L FHNumPyX 2 i 2 Tm) 3K

TDD ( Test Driven Development, IR SNTF A ) AT KB i 2 AR Z —
TODEZE LT H TN, ©1 B br2 R KRR A e, an A plsesh, 47
50T LA T e nT REAAE R I L, 45 2, AT B A7 I D BB HUR IR AT 34

AT LT N

Q el
Q WiE L
Q PFAEOE .

8.1 WIStREY

LTI ATE A T R A A A LG 5y o ZEBEATRUA TR, FRATE B3 i i
AN EAUAH S 77 5 BOXRE P AR [, B B ) LU AR T B, (RVR s B AR Qe & i1
BHLIF SRR A B E ST, nunpy. t esti ngfUHAEIRZ A T B RECEIE T 1%
SRR I, T LR AR T AT
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R - Y
assert_al most_equal AR ECF AT DR A A R E R, i R
assert_approx_equal QRPN BT 00 R B e IR B B BT, widhh R
assert_array_al nost_equal  WHERPIMNEEH TR TR R BOA IR BIRE e R B, il th =R
assert_array_equal WA BT A, B 55
assert_array_| ess P EAMAIER—B, I EE— AR IR N AT R, &0

SR S

assert _equal UERPAXI A, Bt 55
assert_rai ses F S SO R B B P58 SR, NN 8
assert_warns A A P R A AN E
assert_string_equal L =R = oy i | il
assert_al | cl ose AERPIAXT R R R T e A 2R, Sl 55

8.2 #HFLE,: {FH assert_al nost _equal KiSikINESE
ARA AR T 8 . A1 Hassert _al nost _equal pRECKAS A E 12 7 5 U
FHA
(1) VAR, FEEBARAORTE (/NBUSRTAL ):

print "Decinmal 6", np.testing.assert_al nost_equal (0.123456789, 0.123456780,
deci mal =7)

HE, XERATH S, WFFR:
Deci mal 6 None
(2) VA RS, TRER IR (/NS 8NL ):

print "Decimal 7", np.testing.assert_al nost_equal (0.123456789, 0.123456780,
deci mal =8)

R .

Deci mal 7
Traceback (nmpbst recent call last):

rai seAssertionError(mnmsg)
AssertionError:
Arrays are not al nost equal
ACTUAL: 0.123456789
DESI RED: 0. 12345678
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Al AT et A4

AL FINUmPY t esti ngfdtfassert _al most _equal BRECTEA R KES B BER T A Ar T
WNPE L %R0, 123456789710, 1234567802 75T {RIAHSS

REMIE: IEERBE

B8Rl VA TFYR—/Zassert _al nost_equal &A%, A RIE T DI GGG E?
(1) deci mal

(2) preci si on

(3)tol erance

(4) significant

8.3 IE{\fEZE
AR EC R I DR A A 348 B A ST 20K, assert _appr ox_equal PRECE
HUSRE XS & R BN

abs(actual - expected) >= 10**-(significant - 1)

8.4 ZhFSE: {FM assert_approx_equal BIFIiLINFEZE
AW AT E “Sh T BT, JififHassert _appr ox_equal eRECHHEATiH
s,
(1) FHIREL, 6 BRI R -

print "Significance 8", np.testing.assert_approx_equal (0.123456789
0. 123456780, si gni fi cant =8)

LRI .
Si gni fi cance 8 None
(2) IHIPREL, F6 2 3R A R

print "Significance 9", np.testing.assert_approx_equal (0.123456789, 0.123456780
si gni fi cant =9)

Yot T A5

Signi ficance 9
Traceback (npbst recent call last):
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rai seAssertionError(nsg)

AssertionError:

Itemrs are not equal to 9 significant digits:
ACTUAL: 0.123456789
DESI RED: 0. 12345678

L/ QI A

A FHnunpy. t esti ngfurfifassert _appr ox_equal sRECEEA RS ZR T K
PIATE 40, 123456789H10. 12345678075 I A%

8.5 X{¢HiE{\FREE

WA B d] oot R G LR B A I8 B 48 8 MY ORE JE 220K, assert_array_
al nost _equal ERECKILH 8 o %R Sek AP M EEH B IR E B —30, 52— LR
B RICE

| expected - actual| < 0.5 10-deci nal

8.6 ZIMFLE: WisEHIEIEE
Tefi VPRI “ShFSCie” SR, RN I — O v i/
(1) VBB, F5 e Ft

print "Decinmal 8", np.testing.assert_array_al nbst_equal ([0, 0.123456789], [O,
0.123456780], deci mal =8)

BN .
Deci mal 8 None
(2) IR, H8 B RS B

print "Decimal 9", np.testing.assert_array_al nost_equal ([0, 0.123456789], [O,
0.123456780], deci mal =9)

Jli T

Deci mal 9
Traceback (nmpst recent call last):

assert_array_conpare
rai seAssertionError(nsg)
AssertionError:
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Arrays are not al nost equal

(m snat eh 50. 0%

x: array([ O. , 0.12345679])
y: array([ O. , 0.12345678])
R BT At 4

FAE FINumPy i fjassert _array_al most _equal ERECHLES T 1404 .

BEHA: KA —HAIEAE

1% JANumPy#9assert _array_al nost _equal F3 b M AN K R — ey 4048

8.7 #BHEZE
WSR2 AR, assert _array_equal BRECEHIL S5 . PSR AR S L ATE
R—BHITTR W HEAE, R T FAENaNTT R

AN, BB T LIfd flassert _al | cl ose Rl iZ k% 2%kat ol ( absolutetolerance,
#ixt 25 ZBR ) Firt ol (relativetolerance, FXTZAZEIR ). XFT R Etdlafb, K15 2
AR

|a - b|] <= (atol + rtol * |b])

8.8 FMFLEk: LA

FATdE PRI 2 1) R SOk LA Rl . SRS AR “3h 52k Zortrh g%, JF
Hhn—1NaNJC % .

(1) V¥ Hassert _al | cl oserR%i:

print "Pass", np.testing.assert_allclose([0, 0.123456789, np.nan], [0, 0.123456780,
np.nan], rtol=1e-7, atol=0)

2R
Pass None
(2) MHassert _array_equal FR%L:

print "Fail", np.testing.assert_array_equal ([0, 0.123456789, np.nan], [0, 0.123456780,
np. nanj )




148 % 8% e

Pk T —
Fai |
Traceback (nmost recent call last):

assert_array_conpare

rai seAssertionError(nsg)
AssertionError:

Arrays are not equal

(m smat ch 50. 0%

x: array([ O. ,0.12345679, nan]
y: array([ O. ,0.12345678, nan])
R AT At 4

A1 BIt fassert _al | cl osefllassert _array_equal PREUHLES T I ER4

8.9 HUHHF

PN AR —BOT B — DN TR A% N TR A TR, A llassert _
array_| esseRECEHM 5 .

8.10 #F LR HIEEHF
FAPRAG A — DB A8 KT 00— DR
(1) ¥iassert _array_| esspRE LA A% T Y4 -

print "Pass", np.testing.assert_array_less([0, 0.123456789, np.nan], [1, 0.23456780,
np. nan])

ZERNT
Pass None
(2) HJassert _array_| essei%l, A

print "Fail", np.testing.assert_array_less([0, 0.123456789, np.nan], [0, 0.123456780,
np. nan])

it T A5

Fai |
Traceback (nmost recent call last):

rai seAssertionError(nsg)
AssertionError:
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Arrays are not |ess-ordered

(m smat ch 100. 0%

x: array([ O. , 0.12345679, nan])
y: array([ O. , 0.12345678, nan])
R AT et A4

FfiflifHassert _array_ | esspREC LI T ANEUEH R/ NIT .

8.11 F&EbER

RMN XA, assert _equal PRECKLH 5 o X B EIXT S A —E ANumPy %4,
AT LS Python il 51l 36 . Je4H el 5=t

8.12 HFLik: LLEMR
R R AT 2 LB Ied . Bl 1Al LU Hasser t _equal PRECRSEIN .

(1) #Hassert _equal R¥L:

print "Equal ?", np.testing.assert_equal ((1, 2), (1, 3))

P TS
Equal ?
Traceback (npbst recent call last):

rai seAsserti onError(nsg)
AssertionError:

Items are not equal:
itenrl

ACTUAL: 2
DESI RED: 3

R T At A4
A1 Hassert _equal sEELLLEL T TCH——PIA TR, BRI 155

8.13 FHEHLLE

assert_string_equal PREKT AR AR R E MR, RN ECAE S, Ko
W BRI TR R ZENES . ZRBIX TG,
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8.14 HMFLKE: LFFHEH
WA NPy 175

(1) #iHassert _string_equal PREL, WHE TR S, BR, ZNKN E
print "Pass", np.testing.assert_string_equal ("NunPy", "NunPy")

I

Pass None

(2) M Hassert _string_equal pREL, HHE—DFAFERMA—DFHEEMEERNEE
AN 7R E o AR I S

print "Fail", np.testing.assert_string_equal ("NunPy", "Nunpy")
Wiy T —

Fai |

Traceback (nmost recent call last):

rai seAssertionError(nsg)
AssertionError: Differences in strings:

- NJrnDy’) N
+ Nunpy? n
R AT et A4

Ff1fd Hassert _string_equal BB TN FAFE . M55 KNG ASUCEC 4

[=APN
I o

8.15 FHEILLEL

TE BRI T AL R ORS00 10 7 R 1, X 45 RS IF s B0 Rk T 118, NumPy rh
assert_array_al nost_equal _nul pflassert _array_nax_ul ppR%a] LIHEHE AT 4 177 Ak
Fe#hfiE. ULP/ZUnit of Least Precisionf4a 5, RIVEF S50 e/ VRS BE B, ARYEIEEE 7546k,
DU 32 35 iR 25 IR BN UL P I o AR AT U 220 8 RS ASONT L o 2 20 13 R Ay 221 3 A
WRE =k, T AR AR A HREAN IR, 1R 22 L RN BB NZIEE I —, RPfak,

HLEsAEEE (machine epsilon) f&45 77 s XS AR 2 AL, HLERS 245 T UL PRI XS
F1HME . NumPy I i nf o PRE AT LIARERBLASAG L . Pythonbr it n] LAZS tHHLasAE BEAE, I
%5 NumPy 2 Hi 0 25 3 — 2,
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8.16 ZNFLEk: {¥H assert _array_al nost_equal _nul p tbE
pEF R
A T7ES P22 Y assert _array_al nost _equal _nul ppa%k.
(1) T i nf o PRECHR EHLAAE E -

eps = np.finfo(float).eps
print "EPS', eps

AT .
EPS 2.22044604925e- 16

(2) ffiflassert _array_al nost _equal _nul p R HLE PN IERIARSE A IF S k1. oL, 0
+ eps (epsilon), SRFEXF1. 0 + 2 * epsfllEIFEm L

print "1",

np.testing.assert_array_al nost _equal _nul p(1.0, 1.0 + eps)

print "2",

np.testing. assert_array_al nost _equal _nul p(1.0, 1.0 + 2 * eps)

LERUNTE

1 None
2
Traceback (nmost recent call last):

assert_array_al nost_equal _nul p

rai seAsserti onError(nsg)
AssertionError: X and Y are not equal to 1 ULP (max is 2)

A BT et 4

FAUF A | nf o REGRI T HLESKG . BlJE, T 1f#Hassert _array_al nost _equal _nul p
PRERILH T1. 0F1L. 0 + eps, MG, P L—HLAAEE NG T 7% .

8.17 % ULP BYZ S ETELES

assert_array_max_ul peRET LIS EULPRIEENE b PR 2 AR, S8 maxul piE%
BEAEAULPECR R LIR, BRIAME AL,

8.18 HMFLE: & E maxul p FILEZ S
WAV AT “shToCie” R e S 8, (EAE T ZE R i B maxul p 2,
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(1) R i nf o PR EHLASAEE -

eps = np.finfo(float).eps
print "EPS', eps

FEET
EPS 2.22044604925e- 16

(2) SHITHR “Sh TR BEBAHRIR A, (HiX BIA 1 Hassert _array_max_ul pi
HORNIE S i maxul pSAHE

print "1", np.testing.assert_array_max_ulp(1.0, 1.0 + eps)
print "2", np.testing.assert_array_max_ulp(1.0, 1 + 2 * eps, maxul p=2)

LT EST (1
110
2 2.0
NI AT 2H A4
BAMBCE TR TS0 ZORE TR S, (HAESE R A A maxul piE 2, TR

filfdifflassert _array_max_ul prREURIE S maxul pZEUEE A T AR, IR TIEER
ULPEE .

8.19 EJjtilik

BT R g — /N A EAT A SRR BT, T — N PR B . Pythonh g
FHT-BA55it Ay PyUnit API ( Application Programming Interface, i FHFEY et 10 ). /E NumPy
HP, FRATTA AT LA R T2 > 3 W 5 pRER

8.20 FHFILEK: HEATIR
BAPEE A —A T A B 3 iR g 5 I CRS R BTl IR AR 7 328 3 A S AR i A D
(1) B, RINRE A Fraferdl:
def factorial(n):
if n==0:
return 1

if n<O:
rai se Val ueError, "Unexpected negative val ue"

return np.arange(1l, n+1).cunprod()
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RS T FRAT B 2 AR i Q4 A 251153 ki Klar angeficunpr od, JF8§ N 1 —86

FRERAFHIFIT

(2) BUEFA RS S PRt 'S — L& oA, 4K PythonbrifiE#uni tt est FE

HerhfiyTest Case2s, FRATNF B o pREGIEAT 4 R 8 A «
Q —/NIEE, R 3225
Q Mk A& R0,
Q Mg, i S

class Factorial Test(unittest. TestCase):
def test_factorial (self):
# 3NN K, WXET
sel f.assert Equal (6, factorial (3)[-1])
np.testing.assert_equal (np.array([1, 2, 6]), factorial(3))

def test_zero(self):
# HHOMER, KB
sel f.assert Equal (1, factorial (0))
def test_negative(self):
# FERBAY R, REXTEE
# X ZMIwkVal ueError %, 2R Mk E Ll ndexError 3%
sel f. assert Rai ses(l ndexError, factorial(-10))

FATA AR — I A, A R B

$ python unit_test.py

Traceback (npbst recent call last):
File "unit_test.py", line 26, in test_negative
sel f.assert Rai ses(l ndexError, factorial (-10))
File "unit_test.py", line 9, in factorial
rai seVal ueError, "Unexpected negative val ue"
Val ueError: Unexpected negative val ue

Ran 3 tests in 0.003s

FAI LED (errors=1)

R T At A4
FA TR B e pR AR e TR B AR HEA T I, A R A R AR I AN T

15 Iunit_test.py SC 4

SURSVIN KR
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import nunpy as np
inmport unittest

def factorial(n):
if n==0:
return 1

if n<O:
rai se Val ueError, "Unexpected negative val ue"

return np.arange(l, n+1).cunprod()

cl ass Factorial Test(unittest. Test Case):
def test_factorial (self):
# At H3e KK, AXEL
sel f.assert Equal (6, factorial (3)[-1])
np. testing. assert_equal (np.array([1, 2, 6]), factorial (3))

def test_zero(self):
# HHOM KK, MXET
sel f.assertEqual (1, factorial (0))

def test_negative(self):
# A E AR, AXTET
# X 2 Nk Val ueError F%, 2R Mk E Lkl ndexError £
sel f. assert Rai ses(l ndexError, factorial(-10))

if _nane_ =="'_main_":
uni ttest. main()

8.21 nose FAMIXIE RS

B (nose) JERAEME LA E, AR ik f F# T . nose R it & —F
Python#EZ2 , {75 ( BT ) M N2 %) . nose ] LIS IR LU CHS . AR YfEnose 3y, “IT
fATHEASICHCt est Mat chIENFEA (BIAN(2: A [b_. -1) [ Tt] est ) AYPythondif CHL S, SC
e sl FEER B SAE IR . nose e/ FIH T 2t ( decorator ). Pythonéififmiefi —E &
SRR BRI T B TR . nunpy. t est i ngREH PG IR 22 g

% i &R i I Y
nunpy. t esti ng. decor at or s. depr ecat ed FEISA TN S ool 3 45
nunpy. t esti ng. decor at or s. knownf ai | ur ei f H 4 2% 4 s KnownFai | ur eTest 5%
nunpy. t esti ng. decor at or s. set ast est 8 RSB IC Aril iX pR R A R
nunpy. t esting. decorators. skipif R AL Ski pTest 54

nunpy. t esti ng. decorators. sl ow B R EARIC R B TSR
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AN, FATE AT LI Hdecor at e_met hods BR%L, 1524 e v FH 2 BE % D Fic 1 ) 2235 20
TRk L.

8.22 #FLEk: EAMKEINR

AR HAEAE M R g i Hset ast est 2eifids . FAFED — Tk Bl FHZAfi4s
(R IEAS . EAh, FoA BERHEE— IR, IR — MR . Rk %4 nose,
e TE LA IR

(1) f# Hset upt ool s%%&nose:

easy_install nose
i l Hlpi p 2

pip install nose

(2) TP — DR T, S5 — AT I

@et ast est (Fal se)

def test_false():
pass

@et ast est (True)

def test_true():
pass

(3) HATATLAd Hiski pi f et dedbad o o BL, JAl 1t HI— > S Azl B e woskid

@ki pi f(True)
def test_skip():
pass

(@) WIn—25 REH TR, IF Fknownf ai | ur ei f 4 Az S A E T,

@nownfailureif(True)
def test_alwaysfail():
pass

(5) 5& X—4Eu] LUtinos e kAT 14 pR BN I o102k «

class TestC ass():
def test_true2(self):
pass

class Testd ass2():
def test_false2(self):
pass

(6) FAi 145 _E— 25 — A s BAE A AR ]
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decor at e_net hods( Test Cl ass2, setastest(False), 'test_false2')
(@) PITUT %, BATIA

nosetests -v decorator_setastest.py

decorator_setastest. TestC ass.test_true2 ... ok
decorator_setastest.test _true ... ok

decorator_test.test_skip ... SKIP: Skipping test: test_skipTest
ski pped due to test condition

decorator_test.test_alwaysfail ... ERROR

ERROR: decorator_test.test_al waysf ai

Traceback (nost recent call |ast)

File ".../nose/case.py", line 197, in runTest
self.test(*self.arg)

File ".../nunpy/testing/decorators.py", line 213, in knownfailer

rai seKnownFai | ur eTest (msQ)
KnownFai | ureTest: Test skipped due to known failure

Ran 4 tests in 0.001s

FAI LED (SKI P=1, errors=1)

L QI A

FRATEE A 2 Hs — LE s BRI AE R 25 H A A THinose Z 1 . ?ﬂl‘]‘uﬁ%ﬁﬁﬁ
Zefi#s fdecor at e_met hods PREBEIE T — AN, AR5 — DA o o 7= Bl DL
decorator_test.py 14

from nunpy. testing. decorators inmport setastest
from nunpy. testing. decorators inport skipif
from nunpy. testing.decorators inport knownfailureif
from nunpy.testing inport decorate_nethods
@et ast est (Fal se)
def test_false():

pass

@et ast est (True)
def test_true():
pass

@ki pi f(True)
def test_skip():
pass

@nownfailureif(True)
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def test_alwaysfail():
pass

class Testd ass():
def test_true2(self):
pass
class TestC ass2():
def test_false2(self):
pass

decor at e_net hods( Test Cl ass2, setastest(False), 'test_false2')

8.23 XHFfFeER

Hﬂ?%%uﬂﬂﬁi, QAT U Tt @Hﬂﬁ fﬁJonur‘rpy testi ng*ﬁi}&ﬂ:ﬁgﬁmﬁju@ = % D“Jlit

8.24 EMFLEL: BUTNHEFN BN
el RS — R SR TRI O T, (R IEHTA RN . 7522, 5 — e
RGBT

(1) SR AT B AR WL B AR AE Python shel B B SCAR—HE (RS ER AT ). FRATRA
BRI, BRaEAMt A

Test for the factorial of 3 that should pass.
>>> factorial (3)
6

Test for the factorial of O that should fail

>>> factorial (0)
1

(2) FoATPREF R X — 4 TNumPYFRES AT B T -

return np.arange(1, n+1).cunprod()[-1]

HTHUREIY, AT B2 S

(3) FeATAT LA7EPython shell Fsi i 3 Fnunpy . t est i ng#iEfir undocs BREL, MIMTHET SCRY
FAFH

>>>f rom nunpy. testing inport rundocs
>>>rundocs(' docstringtest. py')
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Traceback (nmost recent call last):
File "<stdin>", line 1, in <nodul e>
File ".../nunpy/testing/utils.py", line 998, in rundocs

rai seAssertionError("Sonme doctests failed:\n%" %"\n".join(nsg))
AssertionError: Some doctests failed:

R Sk Sk Sk Sk Sk S R S S S kS R S S Sk R S S S Sk Sk Sk Sk kS S kS kS Sk Sk Sk Sk Sk Sk S Sk Sk Sk S Sk kS kS S

* ok ok k

File "docstringtest.py", line 10, in docstringtest.factorial
Fail ed exanpl e:

factorial (0)

Exception rai sed:

Traceback (nmost recent call last):
File ".../doctest.py", line 1254, in_run conpileflags, 1) in test.globs
File "<doctestdocstringtest.factorial[1]>", line 1, in <nodul e>
factorial (0)
File "docstringtest.py", line 13, in factorial

return np.arange(1, n+l1).cunprod()[-1]
I ndexError: index -1 is out of bounds for axis O with size 0

L/ QI A

BIEE T — ORI AR IR, 7EX R A B T pR A BT 2% R0 M A B I ik o FR AT FH
nunpy. t esti ngfEE T Ar undocs PRELPAT TR, JFEE] T “REIEER" LR, wEUCHD
il docstringtest.py 3 4:

import nunpy as np

def factorial (n):
Test for the factorial of 3 that shoul d pass.
>>> factorial (3)
6
Test for the factorial of 0 that should fail.
>>> factorial (0)
1

return np.arange(1l, n+l).cunprod()[-1]

8.25 AKRE/Z

TEARE R, el 15~ AU AINumPy G T H 5 0 N AR BTl SR
RPN W PRECRITE SO . K2 NumPy T 75 PR 5 17 a5 BSOS B A 06 . FRATTOR T
AT LAinos el A Numpy e i 19 i o g i A S i, JFABUT 2 # i 2K

F—E B HE A EMat pl ot | | b——JF 5 AYPythonfk 2 rl MAL I - T 2%



{& FAMatplotlib%s

Il)&

Matplotlib# —A-3F % A A #9PythonZa 8 &, € feNumPy 4 513145, {2
KGR —AEMeGFRR B . 4R T A7 ¥ http://matplotlib.sourceforge.net/
gallery.html & & %404 =4 &

Matplotlib™ A — £ 2 46 Fo 0 T VAMAHE IV 229038 T #5F AL AR, &A1)
Fr A B U RN B 65T

AEWE LT N

HERIE,
o
KBRS

gl

we

W Iy Ny Ay Ny

9.1 BHERELE

mat pl ot i b. pypl ot & T R HALEDIRE. T ZicERYRE, BlE T  sREET 24
MATZ K, R, AT LEFEA S ST FHshowsR B /R ok . A R ATH ARz
ATTEQIE W5 Ui [ I Python, KNG 38 B #r, AT 245 RFshowsR B 45 3 . X RT
Bt Lo SO 7=, AT AR IR T ED H ok

9.2 EHMFLE: LFZWMARH
Oy T B R, T2 205 BB R A 146 FHINUmPy FY 2 355 b
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pol y1dRAE LI,
(1) LLASRBUTIIE N Z T R 8, i Hpol y1d Rl 21,
func = np.polyld(np.array([1, 2, 3, 4]).astype(float))
(2) f#FHNUmPYI1 i nspace BB EAIIAL(E, 7E- 10F11022 [ A= 3044 50 43 AT (.
X = np.linspace(-10, 10, 30)
() HAFA RS — L i 2
y = func(x)
(4) W HIpl ot PREL, XIFAL 2] WoR R EUENR
plt.plot(x, y)
(5) i ix| abel PRELASINXFIFRZS
plt.xlabel ('x")
(6) fii Hlyl abel pRELESINyHlIbRZS
plt.ylabel ("y(x)")
(7) % s howeR £ 7 R B

plt.show()
2t i Z I R BN R KR o
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L QR A

AL T 2 R R4 BN TE R b FRA T Ay Rz I T SRS . R iR
il polyplot.py L

i nport nunpy as np
import matplotlib.pyplot as plt

func = np.polyld(np.array([1, 2, 3, 4]).astype(float))
X = np.linspace(-10, 10, 30)
y = func(x)

plt.plot(x, y)
plt.xlabel (' x")
plt.ylabel ("y(x)")
pl t.show()

Z=ZEMIE: pl ot FKEYL

Bl pl ot FHAVEA R~ 47
() ERELE T b B2
(2) ¥ =L er B4 L5 R BN
(3) =242

(@ 1. 2. 3F#FE

9.3 BAFFSE

pl ot BRELTT LI AE A BN SE, TERTE — T, A4 TWASE. FA18 7] LA
T (A% 20 AT S SR R A T RS L BRI Ab- BIVHE €052 1R TT LG 2y HoAi 231 ¢
WG, e gLk,

9.4 HMFLEK: LHZTIARHRESEH
A PRSI, LR Fider i ve MECHIS ML 51 IE B S ps. Tl
ELLEAEZ I “ TSR HOB e T ¥, TR U AOIR AR IR D 7 2%
R HEZIECTVEEET

func = np.polyld(np.array([1, 2, 3, 4]).astype(float)
funcl = func.deriv(nrl)
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X np.linspace(-10, 10, 30)
y func(x)
yl = funcl(x)

(2) AP [F] XURS 23 i 22 30 R B S L e bR 2L B RE R R 4. IRPTRETCIETEAR 1
MENRI R E B A EIR, I R Re A1t dil BIE.

plt.plot(x, y, 'ro', x, yl, 'g--')

plt.xl abel (' x")

plt.ylabel ("y")
plt.show()

2 AR AT B R

L/ QN I A

FATVE P FPAS R XU B R 2] T — A 200X R B S R4, I HRH T —Kpl ot B8
B, S W polyplot2.py SCi4:,

import nunpy as np
inmport matplotlib.pyplot as plt

func = np.polyld(np.array([1, 2, 3, 4]).astype(float))
funcl = func. deriv(nmrl)

x = np.linspace(-10, 10, 30)

y = func(x)

yl = funcl(x)
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plt.plot(x, y, 'ro', x, yl, 'g--')
plt.xlabel (*x")
plt.ylabel ("y")

plt.show)
9.5 FHE

T RE B B E A K2 ML, mifRA Bl e, X a LM H]subpl ot
9.6 HMFELEL: LKFZWMARBAEFERE

FA PR — > Z I R H— M - o8 O T T, A 2 35k
T

(1) BRI R R T R

func = np.polyld(np.array([1, 2, 3, 4]).astype(float))
X = np.linspace(-10, 10, 30)

y = func(x)

funcl = func.deriv(nrl)

yl = funcl(x)

func2 = func. deriv(nr2)

y2 = func2(x)

(2) i Hisubpl ot PRELBIEES — T . IZREUNE — NS HOE T ERIMATE, A28

ETEMIEL, BRI UHERT S 75— M7 U X 3 S HAs & l— 1

T, 311, XK, TR HHSNEITY) . BCE T EIARE N Pol ynoni al |, fii AL 504
21

pl t.subpl ot (311)

plt.plot(x, vy, 'r-")

plt.title("Polynomal")

(3) i Fisubpl ot PREBIES — TR, EFREFRENF rst Derivative, G
BN b7

pl t. subpl ot (312)

plt.plot(x, yl, 'b"")

plt.title("First Derivative")

(4) ffiHsubpl ot PRELANES —F K. K& FEMNFE N Second Derivative, fii4g
wEE 2

pl t. subpl ot (313)
plt.plot(x, y2, 'go')



164 % 9% (&7 Matplotlib %

plt.title("Second Derivative")
plt.xlabel (' x")

plt.ylabel ("y")

plt.show()

PIL. 2. 3. aRRMNZTEREL, BOH— B 5 SR BT 34T B R o

R BT A A4

oAl 1168 FH SRAS [ IXUASS 114 il 2 7 35K 1 R R 0 S 2 ) T — A 22300 2 bR B8R = — B Al S5 1R
B, TEHSN NS T, A~ EES Wpolyplot3.py K.

import nunpy as np
inmport matplotlib.pyplot as plt

func = np.polyld(np.array([1, 2, 3, 4]).astype(float))
x = np.linspace(-10, 10, 30)

y = func(x)

funcl = func. deriv(nmrl)

yl = funcl(x)

func2 = func. deriv(nme2)

y2 = func2(x)

pl t. subpl ot (311)
plt.plot(x, vy, 'r-" )
plt.title("Polynomal")
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pl t. subpl ot (312)

plt.plot(x, yl, 'b*')
plt.title("First Derivative")
pl t. subpl ot (313)

plt.plot(x, y2, 'go')
plt.title("Second Derivative")
plt.xl abel (* x")

plt.ylabel ("y")
plt.show()

9.7 M#

Matplotlibr] LL#% B3R ] WP e 224 % . i fimat pl ot i b. fi nancefd Hf iy R BT LU HE RS
24538 ( http://finance.yahoo.com/ ) BN R, H-2aHl K ZE & ( candlestick ).

9.8 MFLEK: LHLEEREMN

FATAT UL imat ploot 1 b. fi nanceflZx il & 4F YRR HA% . ARIUCBCHE IR AR B FERIHE R
WA 2 AL

(1) R AT H 8% ARk b H Y.

frommatplotlib.dates inport DateFormatter
frommatplotlib.dates inmport DaylLocat or
frommatplotlib.dates inmport MonthLocator
frommatplotlib.finance inmport quotes_historical _yahoo
frommatplotlib.finance inport candl estick

i nport sys

fromdatetinme inport date

import matplotlib.pyplot as plt

today = date.today()

start = (today.year - 1, today.nonth, today.day)

(2) AT EAQNEFTIE R EN A% (locator ), XK Hmat pl ot | i b. dat esfH X5 0] LIFE
il L 5L H A H

al | days = Daylocator ()
nmont hs = Mont hLocat or ()

(3) A —A H it Uk as (date formatter ) DI Adah Ly B, 2L asls g —A
T, TS A AR

month_formatter = DateFormatter ("% %™)
(4) MHE PRI A58 T 2Bt i o

quotes = quotes_hi storical _yahoo(synbol, start, today)
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(5) BlE—Matplotlibiif i gur e Xt RE——X LA TZZ 4

fig = plt.figure()

(6) B hn—A~F &,

ax = fig.add_subpl ot (111)

(7) Bl L0 F= B AL AR B A A o 108 R B Tl BRI 21

ax. xaxi s. set _mmj or _| ocat or (mont hs)

(8) Kol b AUE AL AR BN H g a0 1%0E L e 7 Tl E A 20

ax. xaxi s.set_m nor _| ocator (all days)

(9) Kol _L i T i oy AUt o 12t AR S stdih Lo 20 B AR

ax. xaxi s.set_major_formatter(nonth_formatter)

(10) mat pl ot I'i b. fi nancefd 1 i)— > BRET LI KR . XA, FRATHEAT LA SR
TN B HIKZE . A0 LI E KL AR 501, BUAE e B ME.,

candl esti ck(ax, quotes)

(1) il L AOFREAS A B O 1 Al RO I RE , ARZERE BER% .

fig.autof nt_xdate()
plt.show()

#Z:HIDISH ( Dish NetworkZy 7] ) BIKZE R EFR o
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L/ QN I A

FRATNHEFE W 2 H00GE T 38 T SIS 2 e Bcds , FFEIb 6l TKEE . R s
candlesticks.py 4.

frommatplotlib.dates inport DateFormatter
frommatplotlib.dates inport DaylLocator
frommatplotlib.dates inmport MnthLocator
frommatplotlib.finance inmport quotes_historical _yahoo
frommatplotlib.finance inmport candl estick

i mport sys

fromdatetine inport date

import matplotlib.pyplot as plt

t oday
start

dat e. today()
(today.year - 1, today.nonth, today.day)

al | days = DaylLocator ()
nmont hs = Mont hLocat or ()
month_formatter = DateFormatter ("% %r™)

synbol = 'DI SH

if len(sys.argv) == 2:
synbol = sys.argv[1]

quotes = quotes_historical _yahoo(synbol, start, today)

fig =plt.figure()

ax = fig.add_subpl ot (111)

ax. xaxi s. set _mmj or _| ocat or (mont hs)

ax. xaxi s. set_m nor_| ocator (al | days)

ax. xaxi s.set_major_formatter(nmonth_formatter)

candl esti ck(ax, quotes)

fig.autof nt_xdate()
plt.show)

99 BEHFHAE m

B (histogram) o LR 190 A T AL . MatplotlibH A5 (4 ¥ hi st pRET AT LAZ: il &
T ZRREA SR P A RE P I ——0, 5 BE B LA ST AR

9.10 FH|FKE: LFBRMNOHEAE
Tl 122 WA PRI ZASLIES IR 19 55



168 % 9% 1% A Matplotlib %

(1) FE—AFERRAEE -

today = date.today()
start = (today.year - 1, today.nonth, today.day)

guotes = quotes_historical _yahoo(synbol, start, today)

(2) E— AR B R A7 1 Pythong1 2 v o 4 AR S NumPy K28 IS U Wi B Ay
Bl «

guotes = np.array(quotes)
cl ose = quotes. T[ 4]

(3) FoE G HER AL, il oA H A -

plt.hist(close, np.sqgrt(len(close)))
plt.show()

DISHISCEL ) 23 A BT AN T BT

R T et A4
Fell 1221 1 DISHI M i o34 7. s il Dl stockhistogram. py SCAF

frommatplotlib.finance inport quotes_historical _yahoo
import sys
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fromdatetinme inport date
i nport matplotlib.pyplot as plt
i mport nunpy as np

today = date.today()
start = (today.year - 1, today.nonth, today.day)
synmbol = 'DI SH

if len(sys.argv) == 2:
synmbol = sys. argv[1]

quot es = quotes_hi storical _yahoo(synbol, start, today)
quotes = np.array(quotes)
cl ose = quotes. T[ 4]

plt.hist(close, np.sqrt(len(close)))
plt.show()

BRHA: LFIMR L%

1R A 8P I LE S AR E E 2R — AW X (P @A EESH ), H&, XX
AR %,

0.11 XF#{LLFR[E

MR AL TG AR RIS, 3Bk FRE (logarithmic plot ) 184 . Matplotlibff#sem | ogx
PR (X EHET 4L ). semi | ogy BREL ( XTyHIET %L ) Fill ogl og R ( [7] B X5 il Ay B
XTEL o

0.12 EhFEE: LFHIRERZE

SR A AR AAR T, PRI TR AT 5 R LB B P2zl . Eo, JRATTAE 2 HE R I 22
BIUHE T 20 s, ARSI B A S R, A E A AS A H IR Ay, B ER
AT T X a e fERTi e “shP9i” Hfeh RIS 25t XL L%, Hitx EA

FEREA
(1) o HIRT R A B il B A T il
plt.sen | ogy(dates, volune)

A, BA PR BCE E AL A FROAIAR A H . An] AR RT— 0 R 4R B Se 2L R AU
A LT A48 A P 22 1 4 DI SHBE B2 1 58 41 R PR/
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R T et A4
FAIZ i 7 B B BRI o s B Wlogy.py S

frommatplotlib.finance inport quotes_historical _yahoo
frommatplotlib.dates inport DateFormatter
frommatplotlib.dates inport DaylLocator
frommatplotlib.dates inport MnthLocator

i mport sys

fromdatetinme inport date

inmport matplotlib.pyplot as plt

import nunpy as np

today = date.today()

start = (today.year - 1, today.nonth, today.day)
synbol = 'DI SH

if len(sys.argv) == 2:

synmbol = sys.argv[1]

guot es guot es_hi stori cal _yahoo(synbol, start, today)
quot es np. array(quot es)

dates = quotes. T[ 0]

vol ume = quotes. T[ 5]

al | days = Daylocator ()
nont hs = Mont hLocat or ()
month_formatter = DateFormatter ("% %)

fig = plt.figure()
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ax = fig.add_subplot(111)

plt.sen | ogy(dates, volune)

ax. xaxi s. set _mmj or _| ocat or (nont hs)

ax. xaxi s.set_m nor_| ocator (al | days)

ax. xaxi s.set_major_formatter(nmonth_formatter)
fig.autofnt_xdate()

pl t.show

0.13 B =&

Bl (scatter plot) FH T2 Rl —$cia 4 h i A EUE A8 & . Matplotlibifscat t er pRECAT
DL L, FRATT AT DAFE e Bl S i e AR N, DA IS (¥ al phaids B B

90.14 HFLHK: LHBREWEEMRX =TI SE

FRATRT AAEHE 22 ] AR AR A0 S i AR A T B BT TR, FRATTSE MURE PR 22450 T 4
Jire R -

(1) 321 quot es Kdii A7 fifi 1 Pythons| e v o K HLAL A NumPy S I FRIBUT ICEE 1 R se
LiviCoe

dates = quotes. T[ 4]
vol umre = quotes. T[ 5]

(2) T B s A A R A AL fE

ret = np.diff(close)/close[:-1]
vol change = np. diff(vol unme)/vol une[:-1]

(3) Bl —MatplotlibfiJf i gur eXf4:,
fig = pyplot.figure()

(4 TERBh I In—A1 K

ax = fig. add_subpl ot (111)

(5) BRI ALAIE, IR R A BUE S5 B T AR CHR , Bl RN s i AE
HHOCHK o

ax.scatter(ret, volchange, c=ret * 100, s=vol change * 100, al pha=0.5)
(6) BLE ER BB AR RIS

ax.set_title(' dose and volune returns')
ax. grid(True)




172 % 9% {7 Matplotlib %

pypl ot. show()
DISHIY U TN B .

R T et A4
Fell 1221 1 DISHABES Mt R AN AS R AL R ET o 7 (A ML scatterprice.py SCF .

frommatplotlib.finance inmport quotes_historical _yahoo
import sys

fromdatetime inport date

inmport matplotlib.pyplot as plt

import nunpy as np

today = date.today()

start = (today.year - 1, today.nonth, today.day)
synbol = 'DI SH

if len(sys.argv) == 2:

synmbol = sys.argv[1]
guotes = quotes_hi storical _yahoo(synbol, start, today)
guotes = np.array(quotes)
cl ose = quotes. T[ 4]
vol ume = quotes. T[ 5]
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ret = np.diff(close)/close[:-1]

vol change = np. diff(vol unme)/vol une[:-1]

fig =plt.figure()

ax = fig.add_subplot(111)

ax.scatter(ret, volchange, c=ret * 100, s=vol change * 100, al pha=0.5)
ax.set_title(' dose and volune returns')

ax. grid(True)

plt.show()

915 E®&

fill_bet weenpR¥Ufll I & 9B LI FE IR Hr iy IXCI, Ffl T T L+ al phadti i (9 HU(EL .
PR Iwher e ZHAT LI E & (Y 551

9.16 #ZHFpk: WM|HFHHITEER

RBEVRARNS R 2k R e T 36 0, PR IR T (A T B E R I o 58 0 A R B
fill_bet weenRBURIEMIX I TARM RS . FA TR G T 4 —AF LR DI S8 . S H
SRS Bt LA S B RE o7 A0 H SRS AL AR 2D 3R

(1) AE—Matplotlibff i gur eXt4z,

fig = plt.figure()

(2) TERMG P EsIn—F

ax = fig.add_subpl ot (111)

(3) Ll AN KA

ax. pl ot (dates, close)

(4) XPWCEEAY B T B IX AT @, MRIER T 808 TR I (A R B e

plt.fill _between(dates, close.nin(), close,
wher e=cl ose>cl ose. nean(), facecol or="green", al pha=0.4)
plt.fill_between(dates, close.mn(), close,

wher e=cl ose<cl ose. mean(), facecol or="red", al pha=0.4)

A, FAPRBCE E N f I PR Ao B, TSzl o HR9E 25 2E4 73 (B 9 DISH
JBAN R R R



174 % 9% 1% A Matplotlib %

L/ QN I A

FA TR WM AT T @, AR T-FREREN T T — R, & T F AR
TSN —FARIRBIE., 7= I ULfillbetween.py SCHF

frommatplotlib.finance inmport quotes_historical _yahoo
frommatplotlib.dates inport DateFormatter
frommatplotlib.dates inport DaylLocator
frommatplotlib.dates inmport MnthLocator

import sys

fromdatetime inport date

inmport matplotlib.pyplot as plt

import nunpy as np

today = date.today()

start = (today.year - 1, today.nonth, today.day)
synbol = 'DI SH

if len(sys.argv) == 2:

symbol = sys.argv[1]

guotes = quotes_hi storical _yahoo(synbol, start, today)
guotes = np.array(quotes)

dates = quotes. T[ 0]

cl ose = quotes. T[ 4]

al | days = DaylLocator ()
nmont hs = Mont hLocat or ()
nonth_formatter = DateFormatter ("% %)

fig = plt.figure()
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ax = fig.add_subplot(111)
ax. pl ot (dates, close)

plt.fill_between(dates, close.mn(), close, where=cl ose>cl ose. nean(), facecol or="green",
al pha=0. 4)
plt.fill_between(dates, close.mn(), close, where=cl ose<cl ose.nean(),

facecol or="red", al pha=0.4)

ax. xaxi s. set _mj or _| ocat or (nont hs)

ax. xaxi s.set_m nor_| ocator (all days)

ax. xaxi s.set_mmjor_fornatter(nonth_formatter)
ax. grid(True)

fig.autof nt_xdate()

plt.show()

0.17 [EHIF0;EFE

TR R, EEIFITERR R CE B, AT LU egend sRECBIEEE BT Y 15141,
It Matplotlib [ sl HAE A [, FATn] LUH]annot at e R 7R IR _EAG B LA IR,
FHAARZ AT AR Sk UG

9.18 #hFXLEk: fEMHEFIFLER

TES BB BAT ) T WA BB AR B Bh-F- 22k . FRATPRE 2 — FUBEE i o Ao
I = ZRAR RS BP9k . O T EIA R 935 3L, AT asin—A B, I FE BRI M
FOFRIIERIS L TR L B X

(D) HEIFHLHIRE B S MREGE, 5B 35 2 ] — MEEREsh- P4 nit i
Jrike SRS . 12 1SS IO A2 dil i B sh-P- 24k o

emas = []
for i in range(9, 18, 3):
wei ghts = np. exp(np.linspace(-1., 0., i))
wei ghts /= wei ghts. sum()
ema = np.convol ve(wei ghts, close)[i-1:-i+1]
idx = (i - 6)/3
ax.plot(dates[i-1:], emn, |Iw=idx, |abel ="EMA(%)" % (i))
data = np.colum_stack((dates[i-1:], em))
emas. append(np.rec.fronrecords( data, names=["dates", "ema"]))

TERE, W Hpl ot PREN TR 246 E RGIbR % . FRATRHE B s L A e Eei T, R
T—ﬂ;'fﬁ‘{ﬁ%o

(2) BAPRAREN PSR B S I ZE 9SS A

first = emas[O]["ema"].flatten()

second = emas[1]["emn"].flatten()

bools = np.abs(first[-len(second):] - second)/second < 0.0001
xpoi nts = np. conpress(bools, emas[1])
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(3) AT A A s T RN SKARIE R, IFa DRI R SOARTEAS s A IEAL .
for xpoint in xpoints:
ax.annotate('x', xy=xpoint, textcoords='offset points',
xyt ext =(-50, 30),
arrowpr ops=di ct (arrowstyl e="->"))
(4) B Hn—A~FE 13T B Matplotlib ) 3 e HAZRA B
|l eg = ax.legend(loc="best', fancybox=True)
(5) i EalphaifiJE H, #rEIFEWI{L
| eg. get _frane().set_al pha(0.5)

£ PR BIRIE R A4 B R A5 A% B~ 2R [T a0 B

L/ QN I A

FeA 1zl T SR AR B = 245 RO s394k FAT o T — A6, TR
Horp PRI R A S AR TE T 1R o 7 il W.emal egend. py SCHF

frommatplotlib.finance inmport quotes_historical _yahoo
frommatplotlib.dates inport DateFormatter
fromnmatplotlib.dates inport DaylLocator
frommatplotlib.dates inmport MnthLocator

import sys

fromdatetime inport date

inmport matplotlib.pyplot as plt

import nunpy as np

today = date.today()
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start = (today.year - 1, today.nonth, today.day)
synbol = *'DI SH
if len(sys.argv) ==

synbol = sys.argv[1]
quotes = quotes_hi storical _yahoo(synbol, start, today)

quot es np. array( quot es)
dates = quotes. T[ 0]
cl ose = quotes. T[ 4]

fig =nplt.figure()
ax = fig.add_subplot(111)

emas = []

for i in range(9, 18, 3):
wei ghts = np. exp(np.linspace(-1., 0., i))
wei ghts / = weights. sum()

ema = np.convol ve(wei ghts, close)[i-1:-i+1]

idx = (i - 6)/3

ax.plot(dates[i-1:], emn, |Iw=idx, |abel ="EMA(%)" % (i))

data = np.colum_stack((dates[i-1:], em))

emas. append(np.rec.fronrecords(data, nanmes=["dates", "emn"]))

first = emas[O]["ema"].flatten()

second = emas[1]["ema"].flatten()

bools = np.abs(first[-len(second):] - second)/second < 0.0001
xpoi nts = np. conpress(bools, emas[1])

for xpoint in xpoints:
ax.annotate('x', xy=xpoint, textcoords='offset points',
xyt ext =(-50, 30),
arrowpr ops=di ct (arrowstyl e="->"))

l'eg = ax.legend(loc="best', fancybox=True)
| eg. get _frane().set_al pha(0.5)

al | days = DayLocator ()

nont hs = Mont hLocat or ()

month_formatter = DateFormatter ("% %™)

ax. pl ot (dates, close, Iw=1.0, |abel="C ose")
ax. xaxi s. set _nmmj or _| ocat or (mont hs)

ax. xaxi s. set_m nor_| ocator (al | days)

ax. xaxi s.set_major_fornatter(nonth_formatter)
ax. grid(True)

fig.autofnt_xdate()

plt.show)

0.19 =4#4E
=Y AT, R AR 2 R4 I 2. % T3DMEIE, i1 E— =
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ARSI Axes 3DV,

0.20 FHMFLHK: E=HTHFLE
T A6 = 4425 1 T 28— o B =4 R

z2=x2 =y

(1) FATFEAE FH3d R AR o IR I =280 .

ax = fig.add_subpl ot (111, projection="3d')

(2) FA P meshgr i d BRELAIEE— D LR AR o 0K T T8 dx Flly IR
u = np.linspace(-1, 1, 100)

X, Yy = np.neshgrid(u, u)

(3) A PR TEA T MBI 2L MR, LA 22 i v ot ) €8 %2 3% ( color map ). 25 IR pR5E i T L FL
F7BIFRON, AR TN B

ax.plot_surface(x, y, z, rstride=4, cstride=4, crmap=cm Yl GhBu_r)

3DZ KL AT s

R BT At A4
AW T —A =S m a7 IS Dlthree_d.py SCF
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fromnpl _tool kits. nplot3d inport Axes3D
import matplotlib.pyplot as plt

i mport nunpy as np
frommatplotlib inmport cm

fig = plt.figure()
ax = fig.add_subplot(111, projection="3d")

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

X, Y = np.meshgrid(u, u)

Z=X**2+y**2

ax. plot_surface(x, y, z, rstride=4, cstride=4, cnmap=cm Yl GhBu_r)

plt.show()

021 E5%E

MatplotliloH 4 55 5 £ 3D R A PR Al XU —— LS RO AR BT /) . FRATT AT LA FHcont our bR
Bl — RS mL R, ST ORETERNE LR, AT LUE Hcont our f 237,

0.22 HMFLHK: LHEKETRANESEKE

FATREXS AT “Zh T T = 4ERCr R R OO T S m A A, ARt AR AR
— A EER X BETRATA T ZAE 0 4G S8 R XA TGRS 2 i A5 e 2 ]
ax.contourf(x, y, z)

iy AR AT R
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L/ QN I A

AR —A =R e Bz i) T OB S IR . s B Wcontour.py SCA:
import matplotlib.pyplot as plt

import nunpy as np

frommatplotlib inmport cm

fig =plt.figure()
ax = fig.add_subpl ot (111)

u = np.linspace(-1, 1, 100)
X, Yy = np.meshgrid(u, u)

Z =X *F2+y **2
ax.contourf(x, y, z)

pl t.show)

9.23 BhiE

MatplotlibH2 HEEi % 1 3 L g, Matplotlibrh A % T T Shimikibe . AT E & SL— 1 b5
B, HT eI bA: DN, TR TR ZE—A Rk A= Bl H 8 5

9.24 F|FLE: HMEIE

FA PR = REALA RS, 2B . /DB =Mk B, A, JAITEH
FHREALE B PR 4R

Q) FATEHIARZBEMIETE . /IR L = AT k2 = A Eds 4R T EdiE i
circles, triangles, dots = ax.plot(x, 'ro', vy, ‘g, z, "b.")

(2) T~ 114 bR KORE B R ST 9] P LLSEORT B RN o FRATDH BEATL SE T P a4 rh gy A
;F/]T\‘{Ho

def update(data):
circles.set_ydata(data[0])
triangl es.set_ydata(data[1])
return circles, triangles

(3) i FINUmPYA: S BEHLEL

def generate():
while True: yield np.randomrand(2, N)

AR 2 A i) sl A
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R AT et 4
FRAT Ve FE LS R ST RIVE T —Ashim . 7= 58S ianimation.py X

i nport nunpy as np
import matplotlib.pyplot as plt
import matplotlib.ani mation as ani mation

fig = plt.figure()
ax = fig.add_subplot(111)

N = 10

X = np.random rand(N)
y = np.random rand(N)
z = np.random rand(N)

circles, triangles, dots = ax.plot(x, 'ro', vy, ‘g, z, "b.")
ax.set_ylin(0, 1)
plt.axis('off")

def update(data):
circles.set_ydata(data[0])
triangl es. set _ydata(data[1])
return circles, triangles

def generated:
while True: yield np.randomrand(2, N)

ani m = ani mati on. FuncAni mati on(fi g, update, generate, interval=150)
plt.show()
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0.25 ZAKRE/Z

AT F GEMatplotlib———~PythonZ: K JE I, MRzE Rkl . B, Ehlek . TR,
DL, HEEL R ELARESENE . TRATE2 T IS RIS IR 6. Wk, Fi]
i FURE T vkl —#f . Matplotlibf DhEAE R & , I IRATEA R8RS iRk A LaTex 30 HF |
e AR SR A R AL I BE

Matplotlibii{f: # John Hunter T-20124F-8 ] g5 1 T i1, A s fi A Z —EAE 4R S John
Hunter#t /&t 4 ( John Hunter Memorial Fund, ifiJi[alhttp:/numfocus.org/johnhunter/ ). %34
NumFocus Foundation’& i, FTLAX A, ‘B4 T AT 2L Iohn HunterfE 5 A3 2241 T—A [ i A 1L
23, WP, 1E VI ETE A NumFocusi) st 4% .

T—EH, EAH ) SclPy——— NS AENUmPy 2 | [ PythonBla 15484



NumPyRY# R&: SciPy

SciPy & %% 4 #y Python T R A 523+ F %, # 5 ENumPyZ L €3 m
A LAERAEAR S . R, Gt — e E A R AL

ARSI

Q S A
a %it;

Q {55 AbHL;

O mfitfk;

Q 1

Q EHE RIS AmALHL

10.1 MATLAB #A Octave

MATLAB LS HIF AR A OctavefB 2 A T A= T H. . sci py. i ofd iy pR%L Al LL7EPython
FRnEE A EMATLAB I Octavert 4 [ A1 %T4H . | oadmat BRECRT LLNZL. mat 314, savemat
BT LUK B ANER 22 1078 44 PR AR mat SO

10.2 FLE: REFMME.mat H

ARFAT— IR T NumPy 4, Bl Ay BE7EMATLABE Octavelf 55 il HTix L6502 , IR
2 ] A IR U B — . mat SO, SRR TEMATLABE Octaverh il X > 3CF . 35 5 i an
MK

(1) BIEENumPY%4H 14 Hsavemat BlE—4>. mat 30, ZREA DS H—— X4
T — 0,5 725 b 42 R ) - i
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a = np.arange(7)
io.savemat ("a.mat", {"array": a})

(2) TEMATLABE{ Octavel R 55 iz, mat X, FHR A5 P EfBoc £,

octave-3.4.0:7> | oad a. nat
octave-3.4.0:8> a

octave-3.4.0:8> array
array =

o0 WNEO

N AT it 4
BAVEHNumPYy S B T —A>. mat SCHFFF7EOctaverb G gk, AR A T 2 R ddm
NumPy£H TR . B AS Wscipyio.py ST

i mport nunpy as np
fromscipy inmport io

a = np.arange(7)

i0.savemat ("a.mat", {"array": a})

SREMEE: MnE. mat FEERETH

BIfR1 A TFIRAS BT A, mat XA 69 STAE?
(1) Loadmat | ab

(2) | oadmat

(3) | oadoct

(4) f r onmmat

10.3 #%it

SciPygtittidtiEsci py. stats, HoA ISR ELM AL, —NISREE R
S AN, B AR T AR R Y PR AR
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10.4 #HFEk: HHFENE

AP IE St BRI, FF HIsci py. st at sELH G BB T AE B A . i
SERUNT AR

(1) ffi HIsci py. st at sEFIES S04 BUBEHIEL

generated = stats.normrvs(size=900)

(2) HIE M i Z4US E s, 15 2 bR IE R .

print "Mean®, "Std", stats.norm fit(generated)

P ABRERE AN T PR

Mean Std (0.0071293257063200707, 0.95537708218972528)

(3) M (skewness) HERMRBERAAIORA CIEXFR) B, Rl RM— R,
VR AT ISR I, HoP s AN I pvalue, EVZEEINORCIEAE I M IE 2540 A (O E% , B
{4 F A 0-1.

print "Skewtest", "pvalue", stats.skew est(generated)

i EE ARG SR 0] R £ R G

Skewt est pval ue (-0.62120640688766893, 0.5344638245033837)

PRI, BT 53% I HE S IR M IE S 43 .

(4) VEFE (Kurtosis) FENREHR S MOBERTRRE . el DM MRIERE . A%t
A IR, AR I HUR BRI E

print "Kurtosistest", "pvalue", stats.kurtosistest(generated)

e P A B3 [ B A5 SR AN

Kurtosi stest pval ue (1.306538101953 6981, 0.19136963054975586)

(5) IEASPERTS: (normality test ) A] LA A B AR IR IE S A OFRBE . FRATRMS— A IESE
Ko ik A PSR YA, b2 AR HE A p-value,

print "Normaltest", "pvalue", stats.normnaltest(generated)
IEASPEARE IR B 45 R
Nor mal t est pval ue (2.09293921181506, 0.35117535059841687)

(6) fil 11 Sci PyFA T AT AR J5 4t 743 BR800 7 9 DX B e — 1 2 LU A B 8 fE -
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print "95 percentile", stats.scoreatpercentil e(generated, 95)
1329594 AR EN T -

95 percentile 1.54048860252

(7) ¥ami— sadok, FATa ] RLNEE L A& R BRI 15 70 L -
print "Percentile at 1", stats.percentileofscore(generated, 1)
FFEXE LAY 0 AT

Percentile at 1 85.5555555556

(8) fifi I Matplotlibzz il A= s it oA Ho7 Il . A eMatplotlibfit) 404 474 a] LAAE R — 2
7,

pl t. hi st (gener at ed)
plt.show)

Az BERILEC 5 RN R B

N AT 24t 4
BAHLES AN T —AMEVLEGESE, i Hsci py. st at sBEHMT TiZEdELE . w1
AR5 W statistics.py 34

fromscipy inport stats
inmport matplotlib.pyplot as plt
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generated = stats.normrvs(size=900)
print "Mean", "Std", stats.normfit(generated)

print "Skewtest", "pvalue", stats.skewt est(generated)
print "Kurtosistest", "pvalue", stats.kurtosistest(generated)
print "Normaltest”, "pvalue", stats.normaltest(generated)

print "95 percentile", stats.scoreatpercentile(generated, 95)
print "Percentile at 1", stats.percentileofscore(generated, 1)
pl t. hi st (generat ed)

plt.show)

BEHA: BUHEEREN

AT Py A B kA, HIEAERA KSR, 2K ANumPy & Fsci py. stats.
norm rvs &3 69 RH

10.5 #ZALEIFFN SciKits

TA I w WA HABAEFEA, ENTTRER B AW SR, (HEAA G, Stk
PIBHTREA X, sci py. st at st BV 2528 T840 G

H—FEH BRI GEITHEE Esci ki ts. st at snodel s. st at t ool s i Jarque-Berail 23
K, SciKitsiEPythoni) /Mg T BAD, B I AR SCPy i —l 43 444 pandas( Python Data
Analysis Library ), ‘& J&scikits. statsnodel s %4> 3% . & A L [4] https:/scikits.appspot.
con/scikits#r i SciKitsi iz 5| . KA LU H]set upt ool s%34¢st at smodel s, 21T :

easy_install statsnodels

10.6 ZFLE: LIRBREXFEHULZER

FATHE FMatplotlib T 28— 4E LIR A HUBER RO B o 0 W) i i Y 5555 b g, JRATTAT LA
HE PRI ZATE R BUBAN B o FRATPHE LLASDIAFISPY Y S M i X ARl 2 o . FRATT K 76 M H i
SRR R A 25 0 F Jarque-BeralE A PERE S . 58 AN F A IR

(D) wE ek, TR E BEERISR S -

def get_cl ose(synbol):

t oday dat e. today()
start (today.year - 1, today.nonth, today.day)

quotes = quotes_hi storical _yahoo(synbol, start, today)
quotes = np.array(quotes)
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return quotes. T[ 4]

(2) I EDIAFISPY X Rl £ 5 o SEXTE O IO A SR, ARG TR SEZ AR 2206, RI
PRI A

spy
dia

np. di ff(np.log(get_cl ose("SPY")
np.di ff(np.log(get_close("Dl A")

(3) (LR B0 T LS A5 P AL (R (U RE A 7549 AR R R (8 SR IMEAT P, BEehss — Ak
p-value, HUEVEFIH0-1,
print "Means conparison”, stats.ttest_ind(spy, dia)

PIEA IR AL R «

Means conparison (-0.017995865641886155, 0.98564930169871368)
D] LA 98Y014) M 46 1 ZH B AR Xo A5 2 SR ) A (L AH I o
(4) Kolmogorov-Smirnovid: 5 il LS 6 2R AR [R) 4345 i AT EE

print "Kol nbgorov smrnov test", stats.ks_2sanp(spy, dia)
[FIRE, ZpRECHE SR IIE, s — A hp-value,

Kol mogorov smirnov test (0.063492063492063516, 0.67615647616238039)
(5) 75 HUBEEX B0l 45 A 22 (A _F 0 HH Jarque-Beraik S PER 5
print "Jarque Bera test", jarque_bera(spy - dia)[1]
Jarque-Berail- 25 PEAG K15 2 A p-valuelil T :

Jarque Bera test 0.596125711042

(6) fili HMatplotlibzz il % Kol s 5 LS L (E I BT

plt. hist(spy, histtype="step", |w=1, |abel="SPY")
plt.hist(dia, histtype="step", Iw=2, |abel="DA")
plt.hist(spy - dia, histtype="step", Iw=3,|abel ="Delta")

plt. I egend()
pl t.show)

2 A R AT B R

))
))

AT At A4

FATTELE T DIAFISPY BEAR SR FO XTI #: 2, BXTEATTRIZEE N T Jarque-BerarlE A M4
5. RS Ipair.py SCIF .



10.6 HFEH. EBEZTHRKHE R 189

frommatplotlib.finance inmport quotes_historical _yahoo
fromdatetinme inport date

i mport nunpy as np

fromscipy inport stats

fromstatsnodel s.stats.stattools inport jarque_bera
import matplotlib.pyplot as plt

def get_cl ose(synbol):

today = date.today()

start = (today.year - 1, today.nonth, today.day)

quot es = quotes_hi storical _yahoo(synbol, start, today)
guotes = np.array(quotes)

return quotes. T[ 4]

spy
dia

np.di ff(np.log(get_close("SPY")))
np.di ff(np.log(get_close("DA")))

print "Means conparison", stats.ttest_ind(spy, dia)
print "Kol mogorov smirnov test", stats.ks_2sanp(spy, dia)

print "Jarque Bera test", jarque_bera(spy - dia)[l1]

plt.hist(spy, histtype="step", |w=1, |abel="SPY")
plt.hist(dia, histtype="step", |w=2, |abel="DA")
plt.hist(spy - dia, histtype="step", Iw=3, |abel="Delta")
plt.legend()

plt.show()
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10.7 55432

sci py. si gnal #EL A58 I pRERIBRE S48 (. ( B-splineinterpolation ) PR%L,

il AL AR A AR50 SR XBATHE AT R 5§ AKX E Ak
§E> MERIE, BHFAMFH AL,

SciPy L —HEUE R E UES . Tl Tlhdet r end REVE it g i) — Mo 7 i eREmT L
XHE T HATENERL S, RS MR AR Th R BRIX A et #

10.8 HFKEk: M QQQ MM AILIE S

AL TS BRA A R3S, 0 T B G DR B (2RISR | Fefl]
VSRR S RIS T TR QQQ—AF IR B B AR EA Tk AL TS 7

(2) 255 AR QQQU L A 1 AX B9 F PR

today = date.today()
start = (today.year - 1, today.nonth, today.day)

guotes = quotes_historical _yahoo("QQQ', start, today)
guotes = np.array(quotes)

dates = quotes. T[ 0]
ggqq = quotes. T[ 4]

(2) EBfF T hZthias.
y = signal.detrend(qqq)
(3) B & iz g A H E fi s

al | days = Daylocator ()
nmont hs = Mont hLocat or ()

(4) Bl —A~ B AL AR LU Uodh L B izas U dei B0 — A i, s
(89 7 A3 ARG

nmonth_formatter = DateFormatter ("% %)
(5) BUEEIEIGAN T

fig = plt.figure()
ax = fig.add_subplot(111)
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(6) 22 e Rt L Lo K B Jm 15 5 IR 5 v ok 26 B B A T e 4
plt.plot(dates, qgqq, 'o', dates, qqq - y, '-")

(7) BEEE R Ag Ak s

ax. xaxi s.set_m nor_| ocator(alldays)

ax. xaxi s. set _mmj or _| ocat or (mont hs)
ax. xaxi s.set_mmjor_fornmatter(nonth_formatter)

(8) g xdil_L bR ALy HLIY

fig.autof nt_xdate()
plt.show()

QQQHY LM L KA HLAUN T IEI B/

R T At A4
FeA 1221 T QQQMZL AN Kt LL LA N A HALE . 7~ (IR Wtrend. py SCHF

frommatplotlib.finance inport quotes_historical _yahoo
fromdatetinme inport date

i mport nunpy as np

from scipy inport signal

import matplotlib.pyplot as plt

frommatplotlib.dates inport DateFormatter
frommatplotlib.dates inport DaylLocator
frommatplotlib.dates inport MnthLocator

t oday
start

dat e. today()
(today.year - 1, today.nonth, today.day)
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guotes = quotes_historical _yahoo("QQQ', start, today)
guotes = np.array(quotes)

dates = quotes. T[ O]
gqqq = quotes. T[ 4]

y = signal.detrend(qqq)

al | days = DaylLocator ()
nont hs = Mont hLocat or ()
nonth_formatter = DateFormatter ("% %)

fig = plt.figure()
ax = fig.add_subpl ot (111)

plt.plot(dates, qqg, 'o', dates, qqq - vy, '-")
ax. xaxi s.set_m nor_| ocator (al | days)

ax. xaxi s. set _mmj or _| ocat or (nont hs)

ax. xaxi s.set_major_formatter(nonth_formatter)
fig.autof nt_xdate()

plt.show()

109 HEEM S

PSR 5 S A A EA A I . (AR, (Fourier transform ) SR Ah B BE(E 5 (1)
FHT o 8B AR —Ff S SSCEA AR He, tl S5 5 e A0 o AR [ 9 1E 7%
AT PRAL

LA PR T LAFEs ci py. £t packEHERE] ( NumPyt A A 2 g EM T HA,
Binunpy. fft )o XAMBLHAL &P i B AR 4 | S0 31 R 20 531 DA B — S Bl R 4K
MATLABH 2124, K lsci py. fft packiiber i97R £ s B 5 MATLABX I 1Y BR8] 44
H IR AR

10.10 #HFLE: WEBRBEEBERIESHITRERLE

TE10.8 1 FA 12 ) T A KRR T pE S EERERS IE 5 T REA IR i, FeAi]
Rk, — S LREAERTm R s Foci” #Rerh i, W F 8 ik E Matplotlib
X, XL RRA NS 25

(1) PV BRI, AR S S

amps = np. abs(fftpack.fftshift(fftpack.rfft(y)))

(2) BEFRMEFT . ISR — BRI AR/ IMIE T 5k /01 10%, PR HCERR o

amps[amps < 0.1 * anmps.max()] =0
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(3) KruEdm BfF T2 Ml ek, IFFI BRI RS A5 TR H Tk

plt.plot(dates, y, 'o', |abel="detrended")
plt.plot(dates,-fftpack.irfft(fftpack.ifftshift(anps)), |abel="filtered")

(4) Foxdah BB A B, JRASIN— RS RO ]

fig.autofnt_xdate()
plt.legend(prop={'size':'x-large'})

(5) BN AT 8, il us i s .

ax2 = fig.add_subpl ot (212)

N = len(qqo)
plt.plot(np.linspace(-N2, N2, N), anps, |abel="transforned")
(6) sG],

plt.legend(prop={'size :'x-large'})
pl t.show()
2l (S S MBS A T PR

R 4T it 4
RATEBR T —AMES a3, JHEHsci py. fft pack B EL R T — a2 g s 2% .
A CHS L frequencies.py SC4- . 10

frommatplotlib.finance inmport quotes_historical _yahoo
fromdatetinme inport date

i mport nunpy as np

from scipy inmport signal

import matplotlib.pyplot as plt
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from scipy inport fftpack
frommatplotlib.dates inport DateFormatter
frommatplotlib.dates inport DaylLocator
frommatplotlib.dates inport MnthLocator

today = date.today()

start = (today.year - 1, today.nonth, today.day)
guotes = quotes_historical _yahoo("QQQ', start, today)
guotes = np.array(quotes)

dates = quotes. T[ 0]
gqqq = quotes. T[ 4]
y = signal.detrend(qqq)

al | days = DaylLocator ()
nont hs = Mont hLocat or ()
nmonth_formatter = DateFormatter ("% %)

fig =plt.figure()
fig.subpl ots_adj ust (hspace=. 3)
ax = fig.add_subpl ot (211)

ax. xaxi s. set_m nor_| ocat or (al | days)
ax. xaxi s. set _mmj or _| ocat or (nont hs)
ax. xaxi s.set_major_formatter(nonth_formatter)

#RRFE
ax.tick_paranms(axis="both', which="mjor', |abelsize="x-large')

amps = np. abs(fftpack.fftshift(fftpack.rfft(y)))
amps[amps < 0.1 * anmps.max()] =0

plt.plot(dates, y, 'o', |abel="detrended")

plt.plot(dates, -fftpack.irfft(fftpack.ifftshift(anps)), |abel="filtered")
fig.autof nt_xdate()

plt.l egend(prop={'size' :'x-large'})

ax2 = fig.add_subpl ot (212)
ax2.tick_paranms(axi s='both', which="nmajor', |abelsize="x-large')

N = len(qqq)
plt.plot(np.linspace(-N2, N2, N), anps, |abel="transfornmed")

plt.l egend(prop={'size' :'x-large'})
plt.show()

10.11 #WFMfL

PeAkB g (optimization algorithm ) 223X F R — A B RS ILfE, B ANk ) pR 8 Fe R (E Bk
e/ME, BREOTDLRL s E AR MR . R REE — SR B TR, IR i B, AE
sci py. opt i m zefEHrp I T —Bu b, /N TR RA east sqitR TP 2 —. HiEH
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XA PREON,, FA TR T2 (BR2ET0) pRill. X, | east s/ MEFRZERIFIT Al
PRV S5 B 1l T AR A G . FRA e 2O kR (I — N R A, XN — R
FEM— T REHG H SR . B, R P hdT8005E I AUS K f5E 1L .

10.12 zhF LK. WESEZXE

1E10.10°5 7, AT ZEREHIG BB B T — DA . ITE, AT — R

HVERSRAIE N e, RO IR, FAPRHUS — D ESMTFAHIAER . 2 S —
PR R HIOLANEE B . TE SN T APER

1,

(1) MRPEIEZPEARIRL, %€ Lresi dual sPREL:
def residuals(p, y, X):
A k,theta,b = p
err = y-A* np.sin(2* np.pi* kK * x + theta) + b
return err
(2) R U5 B — A8 A duk
filtered = -fftpack.irfft(fftpack.ifftshift(anps))
() FEMSEUNE, 2 DR 74 72 45 R 4
N = len(qqa)
f = np.linspace(-N2, N2, N
pO0 = [filtered. max(), f[anps.argmax()]/(2*N), 0, O]
print "P0", pO
WA ELITT PR :
PO [2.6679532410065212, 0.00099598469163686377, 0, O]
(4) I H] east sqpR%l:
pl sq = optim ze.| eastsq(residuals, pO, args=(filtered, dates))
p = plsq[0]
print "P', p
REWSEAHIN T PR«
P [2.67678014e+00 2. 73033206e- 03 -8.00007036e+03 -5.01260321e- 03]
(5) TS — DT BRI i R B YE fEd . DEUS 0B S HAU G IR . Kot X1k H
FEE I —A~

plt.plot(dates, y, 'o', |abel="detrended")
plt.plot(dates, filtered, |abel="filtered")

10
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plt.plot(dates, p[O] * np.sin(2* np.pi * dates * p[1] +p[2]) +p[3], "', |abel ="fit")
fig.autof nt_xdate()
plt.l egend(prop={'size' :'x-large'})

(6) AINEE AT, 2l AR B AR ]

ax2 = fig.add_subpl ot (212)
plt.plot(f, anps, |abel="transfornmed")

2 A RN R

AT At A4

FATH 4 LI 1) QQQIMN Bs HEAT T LR 3AAbFE . SRJGHEAT T URIAL IR, (AR ER T4
R BRI FAME Fsci py. opt i mi ze B IEIE RIS SIS T — N IE I R, s
A5 Woptfit.py S04

frommatplotlib.finance inport quotes_historical _yahoo
import nunpy as np

inmport matplotlib.pyplot as plt

fromscipy inport fftpack

from scipy inmport signal

frommatplotlib.dates inport DateFormatter
fromnmatplotlib.dates inport DaylLocator
frommatplotlib.dates inport MnthLocator

from scipy inmport optim ze

start = (2010, 7, 25)
end = (2011, 7, 25)

guotes = quotes_hi storical _yahoo("QQQ', start, end)
guotes = np.array(quotes)

dates = quotes. T[ 0]
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gqqq = quotes. T[ 4]

y = signal.detrend(qqq)

al | days = DaylLocator ()
nont hs = Mont hLocat or ()
month_formatter = DateFormatter ("% %)

fig =plt.figure()
fig.subpl ots_adj ust (hspace=. 3)
ax = fig.add_subpl ot (211)

ax. xaxi s.set_m nor_|l ocator (all days)

ax. xaxi s. set _mmj or _| ocat or (mont hs)

ax. xaxi s.set_major_fornatter(nonth_formatter)
ax.tick_parans(axi s='both', which="mjor', |abelsize="x-large')

anps = np.abs(fftpack.fftshift(fftpack.rfft(y)))
anmps[anps < anps.nmax()] =0

def residuals(p, y, X):
A k,theta,b = p
err = y-A* np.sin(2* np.pi* k * x + theta) + b

return err

filtered = -fftpack.irfft(fftpack.ifftshift(anps))
N = len(qqq)

f = np.linspace(-N2, N2, N

pO0 = [filtered. max(), f[anps.argmax()]/(2*N), 0, 0]
print "P0", pO

pl sq = optini ze.l eastsq(residuals, pO, args=(filtered, dates))

p = plsq[0]

print "P', p

plt.plot(dates, y, 'o', |abel="detrended")

plt.plot(dates, filtered, |abel="filtered")

plt.plot(dates, p[O] * np.sin(2* np.pi * dates * p[1] +p[2]) +p[3], """, label ="fit")
fig.autofnt_xdate()

plt.legend(prop={'size :'x-large'})

ax2 = fig.add_subpl ot (212)
ax2.tick_parans(axi s=' both', which="major', |abelsize="x-large')
plt.plot(f, anps, |abel="transformed")

plt.legend(prop={'size' :'x-large'})

pl t.show() -
10
10.13 #HEF 4
SciPy A BUEFR i fusci py. i ntegrate, FENumPyH A M RIZIRERYFL . quadsRELnT
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PSR AR 15 pRBCTE PR 2 (] A B0, ok i 22 [ A 2 T LU RS /Nl T 55 R 12 R Rt P e ]
FAREER T R BB (trapezoid rule) #EATHHEE .

10.14 #HFLE: HESHEL

T (Gaussian integral ) W PRZE IR 2Z AL (BeEhid e ) B9 SO, BETE AR
R X R TCIS 1, BRMES Tpi B, FRATEE Fquad sREGTHE T

ffi FHquad PRE A B 3 ALy

print "Gaussian integral", np.sqgrt(np.pi)
integrate.quad(lanbda x: np.exp(-x**2), -np.inf, np.inf)

FHELE IR (IR ZE N R .

Gaussi an integral 1.77245385091 (1.7724538509055159, 1.4202636780944923e- 08)

R BT At A4
FA 1 FHquad BT T R B

10.15 #HE

fifH (interpolation ) EIFEEHEAE CUAEE S 2 8] “HAM4S 17, sci py. i nter pol at e %L
A DARIE LI BAR AT . i nt er p1dZSn] LIBIEELEMESR(E (linear interpolation ) =% = I {H
(cubic interpolation ) Y PR%EL. BRUCKHQIEEZPEIR(E pREL, —URAGH(E pRECAT LA i B B ki nd 24K
KAE, interp2d2iiy TAET M, HAG T 4.

10.16 BhFLEk: —HEHRE

FATHHAE FHsi ne sREEEREHE SUTFR I —LERENLE & . BESS, FRO PR AT MG (AR =1k
E, IRz e T LR,

(1) RIS RO AR -

X = np.linspace(-18, 18, 36)

noise = 0.1 * np.random randon(!| en(x))
signal = np.sinc(x) + noise

(2) BUEE— LA PR, IR T SRS AR iy A -

interpreted = interpolate.interpld(x, signal)
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x2 = np.linspace(-18, 18, 180)
y = interpreted(x2)

(3) AT SHT— AR AERAE, ANid X B = UK fE

cubic = interpolate.interpld(x, signal, kind="cubic")
y2 = cubic(x2)

(4) fifi FiIMatplotlitbZ 25 5 .

plt.plot(x, signal, 'o', |abel="data")

plt.plot(x2, y, '-', label="linear")
plt.plot(x2, y2, '-', w2, |abel="cubic")
plt.legend()

pl t.show)

2 AR L MR (AN = U A R AR KR o

R T 2t A4

FAIHsi ne R AT T — MR EIFIA T I, SRS HIsci py. i nter pol at eIy

i nt er pLdZEHEAT T ERPEIREAN = IGE . A~ FIAES Wsincinterp.py X1

i nport nunpy as np
from seipy inmport interpolate
import matplotlib.pyplot as plt

X = np.linspaee(-18, 18, 36)
noise = 0.1 * np.random randon( | en(x))
signal = np.sinc(x) + noise

interpreted = interpolate.interpld(x, signal)
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x2 = np.linspace(-18, 18, 180)
y = interpreted(x2)

cubic = interpolate.interpld(x, signal, kind="cubic")
y2 = cubi c(x2)

plt.plot(x, signal, 'o', |abel="data")

plt.plot(x2, y, '-', label="linear")
plt.plot(x2, y2, '-', lw=2, |abel ="cubic" )
plt.legend()

plt.show()

10.17 BE{&4IE
AT LU Fisci py. ndi mage i Ef TGN, 24kt o 4% Fi L Gk B 2 T EL R

10.18 FHFEEk: AIF Lena El&

fEsci py. m scEiHed, A — N RB0T LAEEA Lenal®l14 . X1 L ena Soderberg it K114 29k FH i
BG40 PR 25 R 0 4% . FeA T AEIZ RS b —Seg i g%, IR el igseiin ™
LR,

(1) #ALena& g, FEOATREZBEFEIAET B B ik,

image = msc.lena().astype(np.float32)

pl t. subpl ot (221)
plt.title("Oiginal |mage")
img = plt.inshow(i mage, cmap=plt.cm gray)

TR, FAIABAZE— 1 | oat 322 AUAEIA.

(2) FPEIE AT S A — DR, R OISR B P X PR ] P D
Vet R s — AT,

pl t. subpl ot (222)

plt.title("Median Filter")

filtered = ndi nage. medi an_filter(inage, size=(42,42))
plt.imshow(filtered, crnap=plt.cm gray)

(3) ek BT s 2 =T K

plt. subpl ot (223)

plt.title("Rotated")

rotated = ndi nage.rotate(i nage, 90)
plt.inmshow(rotated, crmap=plt.cm gray)
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(4) Prewitt)f e &AL T EIGRBE AR BE TR . X RGN HH Prewi ttig I % I R 7R 5 DU A1
Kl

pl t. subpl ot (224)

plt.title("Prewitt Filter")

filtered = ndinage. prewi tt (i nage)
plt.inshow(filtered, crmap=plt.cm gray)
pl t.show()

LERANT EFT7R

R AT et 4
FAME Hsci py. ndi magefEExtLenalfG T T — L abFRERAE , /B4 ChS ILimages.py SC4: .

from scipy inmport msc

i nport nunpy as np

import matplotlib.pyplot as plt
from scipy inmport ndinage

imge = msc.lena().astype(np.float32)

pl t. subpl ot (221)

plt.title("Original |mge")

img = plt.inshowinage, cmap=plt.cm gray)
plt.axis("off")

pl t. subpl ot (222)
plt.title("Median Filter")
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filtered = ndi nage. medi an_filter(inage, size=(42,42))
plt.imshow(filtered, cnap=plt.cm gray)
plt.axis("off" )

pl t. subpl ot (223)

plt.title("Rotated")

rotated = ndi mage. rotate(i mage, 90)
plt.inmshow(rotated, crmap=plt.cm gray)
plt.axis("off")

pl t. subpl ot (224)

plt.title("Prewitt Filter")

filtered = ndinage. prew tt (i mage)
plt.imshow(filtered, cnap=plt.cm gray)
plt.axis("off")

plt.show()

10.19 EHinAbiE

RESRFRMTTEL 258 B T — L PSR AL PR A3, AT RE AR S0 BA Tt 7T AT WAV SC 3547 4k
i, IRATE T E— WAV R EE UK, FESmmEsmk s ng, SR
Pythonftft.,

10.20 #HFLK: EEEFMAHE

FATHE T H—DWAV I, Sk AR (EMORIRE ) (Austin Powers ) H1 (Y — 75 IR 5 -
“Smashing, baby!” ffi fsci py. i 0. wavf i | efHerdir ead BRELAT LLKFZ U — > NumPy
B TEARHARIORR , Bl PRI — B wr i t e B A—SHIIOWAY SCHE. F6 1%
It | e PREOR F SRR HCE I Be, 58 U T 2098

(1) i Hir ead PREIE A S

sanpl e_rate, data = wavfile.read(WAV_FI LE)

PR AR P ——RAEER SR . e ZAR T, TR R RS s

(2 Nt | epREL

repeated = np.tile(data, int(sys.argv[1]))

(3) fdi Fwr i t e BRECS AN S

wavfile.write("repeated_yababy.wav", sanple_rate, repeated)

it A Ao B A U3 5 4 B R BT
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R T 2t A4

ATEAT —AE W Be, I DU IR S A T — WAV S 7 B
W.repeat_audio.py 4

fromscipy.io inport wavfile
import matplotlib.pyplot as plt
import wurllib2

i nport nunpy as np

i mport sys

response = urllib2.urlopen('http://ww.thesoundarchive. coni austi npowers/
smashi ngbaby. wav')

print response.info()

WAV_FI LE = ' smashi ngbaby. wav'

filehandl e = open(WAV_FILE, 'w)

filehandle.wite(response.read())

filehandl e. cl ose()

sanpl e_rate, data = wavfile.read(\WAV_FI LE)

print "Data type", data.dtype, "Shape", data.shape

plt.subplot(2, 1, 1)
plt.title("Original" )
pl t. pl ot (data)

plt.subplot(2, 1, 2)

#ERFMAR
repeated = np.tile(data, int(sys.argv[1]))

#H F AR
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plt.title("Repeated")
plt. plot(repeated)
wavfile.wite("repeated_yababy.wav", sanple_rate, repeated)

plt.show ()

10.21 ZARF|/NE

TEARE R, FofTH &l T ScPy FISCiKitsi 2 6, 2F T — 5T m At . geit.
SRR BRI DL S A RN R AL PR AR

N —Farp, BATTE H Pygamedil /E — L faf BRAE A @ 9T . Pygames&— i Y Python
Wk e . AEX SRR A, FRATTER 2% > NumPy Al Pygamelf) £ i . SciKitsHLas 2% 2 A DL Kz HoAth
NZ,



ENE

IrézPygame

AT B 4 ZA% ANUmPy A= Pygametk i - B 1 5 sb it 47 a5 3% 4 4F 49 -
B AR HERITEZES TREAFABABY, A2FRRLEN.,

ARSI

O Pygameltiif;
Q Matplotlib i ;
Q FERHR R
O ANTHHE;

Q i ;

Q OpenGL .

11.1 Pygame

Pygamefi: ] /& H Pete Shinnerséi 5 fi—4= Pythonf4 . Jiii4 8 X, Pygamen] L] Tl F
Jixk. H20044E#L, Pygameii HGPL ( General Public License, @ FHZAHA4AIHE ) I 2%
B, X RS R AT LA S VR 2R 3tk . Pygameit T-SDL ( Simple DirectMediaLayer,
i1 5 HAEAARZ ). SDLE—ECIHEF M, T TAESMIRERS D (ffLinux, Mac OS XFI
Windows) ilREITE | 75 ¥, Bk LA LA A R4

11.2 HFEE,: L% Pygame

TEARTTHRE T, AT LS Pygame, PygameltAs ] LI5S Ard MR i Pythondfi 2 . Aid 1
G EHAB A, FiPython 3{5A —Lb3e 78 )@, (HaX L) BIR il AN At S92 . 1l 5E s
TR Pygame,
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(1) MAEIRIT I BRI E RS, g —Fi 7 30285 Pygame,

Q Debianf=Ubuntu Pygamen] L) £ Debian’k {F 1 3k 3] «
http://packages.qa.debian.org/p/ pygame.html .

Q Windows #R¥E i FH Y Pythonfilii4s , AT AT LM Pygamel) 3 | ( http://www.pygame.
org/download.shtml ) T #& A 38 1 ik il %5 .

O Mac PygamefEMac OS X 10.3% DL I RAS i) — kil 2o et o] DA7E X B 2%
http://www.pygame.org/download.shtml ,

(2) PygamesZF5di st uti | s REIATHIERIZERE o 12 BRIABEIN 25 Pygame, R i HAA
FATr i .

pyt hon setup. py

UNRART B T RAGR I 25 8., A -

pyt hon setup. py hel p

() UL TT LA E RS L M iAo TCE PR IR EE N TABRNE, 2T
TEWindowsF 4t I Zii 5 Pygamelt {7 L i 15 Al http://pygame.org/wiki/CompileWindows, B £ X F7E
Mac OS X & 4; I 413 Pygamelt {5 B35 1 [l http://pygame.org/wiki/M acCompil e,

11.3 Hello World

AT RIE—AT ek, IFEARTFLEN APl . 2 BRI 2R 1E S,
AT I —Hello Worl d7s (5l 78 F T 45

11.4 =FEB: HI1EE RHEK

HART RN, FrA shVEERETE T IS TR O ER b & 2, LR Al FHE ont #5Eb e 5 3 SC
A, TEXDEF T, RATEF I PygamelSur f ace X 4T K, FHb P —NB 3k, 58
WA AR

(D) B, SAFFRERPygamettith , W Pygamet & IE 203, B AN SE EmHRAL ; ),
TR P12 B2

inmport pygane, sys
from pygane. | ocals inport *

(2) FA TPt EPygame, BIE—1L400 x 30015 A/ o X, I3 D AR B R
HelloWorld!,
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pygane.init()
screen = pygane. di spl ay. set _node( (400, 300))

pygane. di spl ay. set _caption(' Hello World!")

(3) WAkl S — AT —HisTT, HRRB AR, ARG, IR AL bR
(100, 100) 4bi% & —1-Hello Worl dSCAKRES , SUARRITFARR/N L9, Bita e,

whil e True
sysFont = pygane. font. SysFont (" None", 19)
rendered = sysFont.render ('Hello World', 0, (255, 100, 100))
screen. blit(rendered, (100, 100))

for event in pygane.event.get():
if event.type == QUIT:
pygane. qui t ()
sys.exit()

pygane. di spl ay. updat e()

RN E AT E R

R AFIFEFHello Worl diy 52 254 0 R, «

i mport pygane, sys
from pygane. | ocals inmport *

pygane.init()
screen = pygane. di spl ay. set _npode( (400, 300))

pygane. di spl ay. set _caption(' Hello Wrld!")

whil e True
sysFont = pygane. font. SysFont (" None", 19)
rendered = sysFont.render ('Hello World', 0, (255, 100, 100))
screen. blit(rendered, (100, 100))

for event in pygane.event.get():
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if event.type == QUIT:

pygane. qui t ()
sys.exit()

pygane. di spl ay. updat e()

R T At A4
AT ER T, BAFRERNEAZ, HHIIRMTE 25 TIRZ . AT Bl 09 s EUE
G515 NI RERAR
R i T
pygare. i nit() i

pygane. di spl ay. set _node( (400, 300))

pygane. di spl ay. set _caption('Hello Wrld!'")
pygare. f ont. SysFont (" None", 19)

sysFont.render('Hello Wrld , 0, (255, 100,

100))

screen. blit(rendered, (100, 100))

pygame. event . get ()

pygane. qui t ()
pygare. di spl ay. updat e()

ZPRBH TR, 75 AR R F APy gae pR T B8 FH
ZRE A FTIE Y Sur f aceXt R T, AT i ek E
PE—ATCLR TR G RN

PR AR AR S AT E

PRI SGE S R 1 R G RGN R AT e (FEA]
JNone ) FIAA I/ MITEE AT 5

ZPREFESur f aceXt 4 F2HA, HE—SH0E—1IT
41, HILIRGB{HF/RHIBI(E

LR ETESur f aceX 4 b T4

ZRBUH TR EEvent XT 453, Event MR FERRGEHHY
— SRRk, A R R R

PR PPy gane f A TR . ZEIR HH AR IR L pR
IZ PR E BRI N

11.5 FIE

RERIMERE, BV de “Hs" pRee, WA —ERBERShm ;. N— DR DL Rk
A, S RN R R R A R MR s Xt R, TR R R 5l

Pygamel2 fita ock XI5, FHTHEMAAb2 I ik, X n] LR UEZh -5 CPUR PR IE JCK .

11.6 FHFEE: A NumPy 1 Pygame &I{EzhE X &
FATE A G I FHINumPy & L — S5 TE B A A £ 542 . 3850 L 2058
(1) B8 —1-Pygamefidl ock X4, HWIFFR:

cl ock = pygane.tine. d ock()
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(2 FABREMBEAI SR, A—HKAIE . RATHEAKE T, I 5
# LA

ing = pygane. i mage. | oad(" head. j pg')
(3) T I SC—Be A Skt Ay [RUR O B AR b o BRIRXTR FT IR 5l IR A N0%A

AT —LE, T el fe BHAI7 EERA A0SR . AT T 1) AL
i1 M0,

steps = np.linspace(20, 360, 40).astype(int)

right = np.zeros((2, len(steps)))

down = np.zeros((2, len(steps)))

left = np.zeros((2, len(steps)))

up = np.zeros((2, len(steps)))

(4) BCE B R AL B AR — IR R St . A, A — A PEIaTUH E—— - 1] 7T
PIARASE| e i B 4ot R

right[0] = steps
right[1] = 20

down[ 0] = 360

down[ 1] = steps
left[0] = steps[::-1]
left[1] = 360

up[0] = 20

up[1] = steps[::-1]

(5) PUANTT 1) A T LS AE — e, (H 75 BT I THRA AT X R A T e B e, (A AT
IE T 255

pos = np.concatenate((right. T, down.T, left. T, up.T))
(6) 7 EAGER, FA T B B 1 0 A0 30051 «
cl ock. tick(30)

AN 2 ahim i
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HRA] LA 0] hitps:/www.youtube.com/watchv=m2TagGi o 1f S 7 21 I i LA
A RS R T ILFRA 12D BRI TE INE, AN RZIR A Y B .

import pygane, sys
from pygane. | ocals inport *
i mport numpy as np

pygane.init()
cl ock = pygane.tine. d ock()
screen = pygane. di spl ay. set _node( (400, 400))

pygane. di spl ay. set _caption(' Ani mati ng Obj ects')
inmg = pygane.inmage. | oad(' head. | pg')

steps = np.linspace(20, 360, 40).astype(int)
right = np.zeros((2, len(steps)))

down = np.zeros((2, len(steps)))

left = np.zeros((2, len(steps)))

up = np.zeros((2, len(steps)))

right[0] = steps
right[1] = 20

down[ 0] = 360
down[ 1] = steps

left[0]
left[1]

steps[::-1]
360

up[0] = 20
up[ 1] = steps[::-1]

pos
i

np. concatenate((right. T, down. T, left. T, up.T))

o 1l

whil e True:
# AR
screen. fill ((255, 255, 255))

if i >= len(pos):

i =0
screen.blit(ing, pos[i])
i +=1

for event in pygame.event.get()
if event.type == QU T

pygane. qui t ()
sys.exit()

pygane. di spl ay. updat e()
cl ock. tick(30)

1 QN I < A
TEARHREPHA T T — RS T g A7, b iR B R i . FAT PR ]
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BIRTHT BREUS S TE T T RS

& W
pygane. ti me. d ock() % BRI — R P Y B B X 4
cl ock. ti ck(30) 1Z PR B R 0T 3 LAY SO RN A RD AP it

11.7 Matplotlib

AT 92 g 3 it Matplotlib, 10—~ AT LA EEE (g J5 TELZE . 3A1T0] LL7EPygame
H4E i Matplotlib, 22144 e B

11.8 FFLE: 7 Pygame F{E A Matplotlib
FEATTZORE T, FRATPRE O T — 1 R vh i B AR BRI S Ll A . S T AP R

D) AR EAE S A T 1EPygamet 4 iMatplotlib, F&AT7 2 H— 1 AE38 B G
&, AlMatplotlib&BRIANE R —A~GUIE [, FRATE5] AMatplotlibF A It Fuse pRi%k . %R
B eS| AMatplotlib=E B I 51 A AMatplotlibfi b i 37 R .

import matplotlib as npl

npl . use("Agg”)
(2) ez B L E AT LIAEMatplotlibimifii (canvas) [5gm. BIEEm AT LT AR AR
BT FAIRE BIER/N A3 x 38EF . HZAIES AT ARG,

import matplotlib.pyplot as plt
i mport matplotlib. backends. backend_agg as agg

fig =plt.figure(figsize=[3, 3])

ax = fig.add_subplot(111)

canvas = agg. Fi gureCanvasAgg(fi g)

() AR EMAAX T 2R WU TR R 2 — . I TIRNTE R E 2Rz E, R
TR AL — R SRR B A L, XA IR PR 2 A T2,
TEABI IS, VRAT LAFRS X 2 pR B A ) 3

def plot(data):

ax. pl ot (dat a)

canvas. draw()
renderer = canvas. get_renderer()

raw _data = renderer.tostring_rgb()
size = canvas. get _wi dt h_hei ght ()

return pygane.inmage.fronstring(raw data, size, "RGB")
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Sy A R Brs o AR T AR YouTubelW A AS (i (4085, Hiudik A https://www.youtube.
com/watch?v=téqTeXxtnl4,

(4) BezhJa AR R -

inmport pygane, sys

from pygane. | ocal s inport *
import nunpy as np

inmport matplotlib as npl

mpl . use(" Agg")
inmport matplotlib.pyplot as plt
inmport matplotlib. backends. backend_agg as agg

fig=plt.figure(figsize=[3, 3])
ax = fig.add_subpl ot (111)
canvas = agg. Fi gureCanvasAgg(fi g)

def plot(data):
ax. pl ot (dat a)
canvas. draw()
renderer = canvas. get_renderer()

raw data = renderer.tostring_rgbh()
size = canvas. get_w dt h_hei ght ()

return pygane.image. fronstring(raw data, size, "RGB")

pygane.init()
cl ock = pygane.tinme. C ock()
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screen = pygane. di spl ay. set _node( (400, 400))

pygane. di spl ay. set _capti on(' Ani mati ng Obj ects')
i mg = pygane. i mge. | oad(' head.jpg')

steps = np.linspace(20, 360, 40).astype(int)
right = np.zeros((2, len(steps)))
down = np.zeros((2, len(steps)))
= np.zeros((2, len(steps)))
up = np.zeros((2, len(steps)))

right[0] = steps
right[1] = 20

down[ 0] = 360

down[ 1] = steps

left[0] = steps[::-1]
left[1] = 360

up[0] = 20

up[1] = steps[::-1]

pos = np.concatenate((right. T, down. T, left. T, up.T))
i =0

history = np.array([])

surf = plot(history)

while True
# ER
screen. fill ((255, 255, 255))

if i >= len(pos):
i =0
surf = plot(history)

screen.blit(inmg, pos[i])
hi story = np. append(history, pos[i])
screen. blit(surf, (100, 100))

i +=1
for event in pygane.event.get():
if event.type == QUIT:
pygane. qui t ()
sys.exit()

pygane. di spl ay. updat e()
cl ock. tick(30)

R T At 4
TRG T 2B R
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P #WoR
npl . use(" Agg") % eREIHE A AR 22 B R v
plt.figure(figsize=[3, 3]) ZREL B — R/ INA 3 x 37T I IEA
agg. Fi gur eCanvasAgg(fi g) Z AR RS BT B — i A
canvas. draw() ZRETE AT LR T4
canvas. get _renderer () 12 PRI TBUE AT T e 7

11.9 REKZ

PygameffJsur f ar r ay e n] L4 3 PygameSur f ace X4 FINumPy %4 22 0] 554 . AREiiF
M0, NumPy AT RAPRGEER | SRl Ak R R RIS AR

11.10 #HFLE: HHREREGE
TEARAHR T, TRA T — e NE R LU U i e i T AT

(1) array2d BRECRH R RAFA—D 4R . IAMRRIR eREL, BHRERAFA =48 . 30T
Fravatar AR Fr IR RAF AL :

pi xel s = pygane. surfarray. array2d(i ng)

(2) A1 Hshape & PERBUL R B pi xel sHIAR, IR AT TR . ek St i<
FGEHRRE AR Z LRI TR RN
X = pixels.shape[0] * 7

Y = pi xel s.shape[1] * 7
screen = pygane. di spl ay. set_node((X, Y))

(3) I | e RELT LURANTHRIE o i1 T Bt SO REE , AR Z B T B e il
new pixel's = np.tile(pixels, (7, 7)).astype(int)

(4) sur farray B g — AL HIREbl it _array, A RLEE AP IOG R R .
pygame. surfarray. blit_array(screen, new pixels)

FORWTT B PR .
AR R 0 e AR AT
import pygane, sys

from pygane. | ocal s inport *
import nunpy as np
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pygane.init()

i mg = pygane. i mage. | oad(' head. jpg')

pi xel s = pygane. surfarray. array2d(i ng)

X = pixel s.shape[0] * 7

Y = pixel s.shape[1] * 7

screen = pygane. di spl ay. set _node((X, Y))

pygane. di spl ay. set _caption(' Surfarray Denp')

new _pixels = np.tile(pixels, (7, 7)).astype(int)

whil e True:
screen. fill ((255, 255, 255))
pygane. surfarray. blit_array(screen, new_pixels)

for event in pygane.event.get():
if event.type == QUIT:
pygane. qui t ()
sys.exit()

pygane. di spl ay. updat e()

N AT 24
RIS LG T T R S S () T BRI
BO# ik
pygane. surfarray. array2d(i ny) ZREC R R BIEAT A— 45

pygare. surfarray. bl it_array(screen, new pixels) IZ RECK A PR R AR
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11.11 AT Ege

FEWERR T, FA T8 T B — L BB TN . sci ki t -1 ear nIil H BFESRBEHLES 2 T WAPI,
TR AR G RSO . FRATTAT AR R G R /B B R 2 s ci ki t - | earn, XU
TARFT I AR E R SR SR, ENZ R RN IR 22730, WindowsH] P ] LA B4 I H
BV e e TS

{EDebianfiUbuntu |, % H 4% ~pyt hon- skl ear n, 7EMacPortsfii 44 A py26- sci ki t s-
| ear nfllpy27- sci ki t s-1 ear n, A AT LIRS 22 s fli Feasy _i nstal | T H., A%
=75 RATHUPython(x, y) . EnthoughtHINetBSD

AT AT AT A I R fin A4 sci kit -1 earn:

pip install -Uscikit-learn
dLaT LU AR fi 4
easy_install -U scikit-learn

XA FTRE 2t TAUBRBEE ok T, NI AR AT RERT 2E7E 4 BT N _Ls udosl U4 B 5
A T

11.12 #HFLEK: HIELEE

AR BEALA AL — e S IR AT T RS, R AT A s G R — AR 2, X R
J&sci ki t -1 ear niRIEIRZHARZ —, BIER—FLERF I B, BIMARIEA U XS S 21 143
., BES , FATEHE— OB SCBRAEFE R & CBME AR, Qs 5 S Z AR, B,
BATPEHE FHsci ki t -1 ear nFHAYAS fi ni t yPr opagat i onZ X Ed S TR, W58~ A8,

(1) FRATTH-FEA00 x 40015 2= 1 77 He N BEAILA: 1301 AL g £«

posi tions = np.random randint (0, 400, size=(30, 2))

(2) AT FHER I B ( Euclidean distance ) SR SCHRAE RS
posi tions_norms = np.sun(positions ** 2, axis=1)

S = - positions_norns[:, np.newaxis] - positions_norns[np.newaxis, :] + 2 *
np. dot (posi tions, positions.T)

(3) Brai— A AULE AL BELAAF fi ni t yPropagat i onZs, iZZEE A — MBI S AR IO &Y
RAEGT

aff _pro = sklearn.cluster. AffinityPropagation().fit(S)
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| abels = aff_pro.|abels_

(4) FATR BRI . KRBT B SRR Sur f aceXI R . Bl (Aflrh
L) R S50

pygane. dr aw. pol ygon(screen, (255, 0, 0), polygon_points[i])

S R BT

RIFR P s BT -

i nport nunpy as np
i mport skl earn.cluster

i mport pygane, Sys

from pygane. |l ocals inmport *

posi tions = np.random randint (0, 400, size=(30, 2))

posi tions_norms = np.sun(positions ** 2, axis=1)

S = - positions_norms[:, np.newaxis] - positions_nornms[np.newaxis, :] + 2 *

np. dot (posi tions, positions.T)

aff _pro = sklearn.cluster. AffinityPropagation().fit(S)
| abels = aff _pro.labels_

pol ygon_points = []

for i in xrange(max(labels) + 1):
pol ygon_poi nts. append([])

# 4R BT R A
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for i in xrange(len(labels)):
pol ygon_poi nts[ | abel s[i]]. append(positions[i])

pygane.init()
screen = pygane. di spl ay. set _node( (400, 400))

whil e True:
for i in xrange(len(polygon_points)):
pygane. dr aw. pol ygon(screen, (255, 0, 0), polygon_points[i])
for event in pygane.event.get():
if event.type == QU T:
pygane. qui t ()
sys.exit()

pygane. di spl ay. updat e()

R AT et A4
NHEFARLS T AT R GRS bR B 0 LA R D RE UL

I iR
skl earn. cluster. AffinityPropagation().fit(S) ZBREBIEEAS i ni t yPropagat i onXf 4 AR I 4
HEFTRE

pg?ﬁ{nsai Id]r Sawv. pol ygon(screen, (255, 0,0), polygon %R HE45 5 i SurfaceXt & . Bifh ( {EA P R4r (o)
P ISR AR Z Y

11.13 OpenGL #1 Pygame

OpenGLZ &I H T 4 M = 4e BDE T HEALEDE N HFE R0 CAPL), R — L85
B oA TR 8 SETE HPythonfiy S8, RIPyOpenGL ., i I i 4 2% PyOpenGL :

pip install PyQpen@ PyOpenG._accel erate

PRAT RETT ZARA RO A TIX 452 DA AN easy_i nst al | 74>

easy_install PyOpenGL PyOpenGL_accel erate

11.14 ZhFEE: LHE RERTE

T /R OpenGLIYZIAE , FoA PR OpenGLZ Hili /R i 3L ( Sierpinski gasket ), 7R
FRVE R A =/ (Sierpinski triangle) it /R EHT AL T ( Sierpinski sieve ), XJ&—fh=
FIIRE ML (fractal ), HIBCEFLRILK - PH/RENE (Waclaw Sierpinski ) #H. X4~=
FATE R 2 ] 1655 B A RS BIAY . I 5E AU R AR R SR S BE
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(D) H5e, RATERILHE—LEOpenGLAHICI LA ZR , AR E BT fEi s, 78
AR AR AT AR A OC R B TR B
def display_openG.(w, h):

pygane. di spl ay. set _node((w, h),
pygane. OPENGL| pygane. DOUBLEBUF)

glCearColor(0.0, 0.0, 0.0, 1.0)
gl O ear (GL_COLOR BUFFER BI T| GL_DEPTH BUFFER BI T)

gl uOrtho2D(0, w, 0, h)

(2) IKIEIIERE LS, BTN IZR T RE SR 2 25 5 . S—2, AT HEiaiE
heith, BT, WATE X = MIBRTLE, ME, FROTE XHHBkER RS, B =MIEr31
TS R R b —A~ =B EE P R A B RS — S ——X N SR I A2, 4R
J& , BATFERT— R B s FIBERLIE 9 = AT DS Z By b s A A T2l . SRes, FRATTBR B 22
MR i 2 2 A A T .

gl Col or3f (1.0, O, 0)

vertices = np.array([[0O, O], [DOM2, DM, [DIM 0]])

NPOI NTS = 9000

i ndi ces = np.random random.i ntegers(0, 2, NPO NTS)
point = [175.0, 150.0]

for i in xrange(NPO NTS):

gl Begi n( GL_PO NTS)

point = (point + vertices [indices[i]])/2.0 gl Vertex2fv(point) gl End()
gl Fl ush()

R = IR T ER
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R A B A e A AT

import pygane
from pygane.locals inport *

import nunpy as np

from Qpen@&.. GL i nport *
from Qpen@.. GLU i nport *

def display_openG.(w, h):
pygane. di spl ay. set _nmode((w, h), pyganme. OPENG.| pygane. DOUBLEBUF)

glCearColor(0.0, 0.0, 0.0, 1.0)
gl O ear (GL_COLOR_BUFFER_BI T| GL_DEPTH_BUFFER_BI T)

gl uOrtho2D(0, w, 0, h)

def main():
pygane.init()
pygane. di spl ay. set _caption(' OpenG. Denp')
DI M = 400
di spl ay_openG&(DIM DI'M
gl Color3f (1.0, 0, 0)
vertices = np.array([[O0, O], [DDM2, DM, [DM 0]])
NPO NTS = 9000
indices = np.random random_i ntegers(0, 2, NPO NTS)
point = [175.0, 150.0]

for i in xrange(NPO NTS):
gl Begi n( GL_PO NTS)
point = (point + vertices[indices[i]])/2.0
gl Vertex2fv(point)
gl End()

gl Fl ush()
pygane. di splay. flip()

whil e True:
for event in pygane.event.get():
if event.type == QUIT:

return
if name__ =="'__main__
mai n()
NI AT 2H 4

WNRTRTIA, FIAZRAR 2 TR i AR b T ) — L pR AR A D RELE I
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R i I

ggggx: &wrbiggﬁe@%&g&) ggiﬁ;;ﬁﬁﬁ%%%%%ﬁﬁ + B QpenGLXT

gl dear(@_COLCRBUFFER BIT| Q@ _DEPTH BUFFER BIT) iz $efifi FRIGIS T = 2 o K o FEAGIHR , FRA 19525 RO S0
IR ZE vh X

gl uor tho2D(0, w, 0, h) BORBURAE | T\ 72 479 YIF I A RsE 42D
Y IE AT R I

gl Golor3f (1.0, 0, 0) PR BRI =77 RUBCOR I RGB IR 15 B M T4
KB, TEAGIH L6

gl Begi n( G._POI NTS) KRR e —2H R 2 4 R DT R L

gl Vert ex2f v( poi nt) PR BRI — AT e — A,

gl End() ZREEE H gl Begi nJTIERIAAS B

gl Fl ush() KRRBORHI R I, PUTL R A4

11.15 #&=HLLFFK

VMG — ), FA TR IE A= Al xk ( Conway’ sGameof Life) 5 ili— ML A= A
W o SRR A A etk 3 T LA SEAS N Y . FRATAN— D BEDLRT AR A — 47 T AR 4R .
KRR — AR RS PTRR SR A 588, th HAHABI8 A I o AR RN T ] Al FH A A E
s, BATFHESciPyr) TR GEIEE .

11.16 BhF L. ERlEMw

T ARSI T A e, T R s

Q i R B — 5

Q 4% Fr BB IS 6 5 BN ;

0 4% Fb e BUR{ & A — A7 B

Q 3% F g HAlE— AR LI R %

A P T R A R A SRR, T A o AL R E . %
BRI, SRS TR EARER DA — S (T — U, ZEATT A R T LIk B
R L (E A,

(1) RRARIRRRLIN , Tl I P B 5

def get_pixar(arr, weights):
states = ndi mage. convol ve(arr, weights, node='"wap')
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bools = (states == 13) | (states == 12 ) | (states == 3)

return bool s. astype(int)
(2) FATAT LA S 28 o B R S B T 200 52

def draw_cross(pixar):
(posx, posy) = pygane. nouse. get _pos()
pi xar[posx, :] =1
pi xar[:, posy] 1

(3) HEHLBIER L RIAS -

def random.init(n):
return np.randomrandom.integers(0, 1, (n, n))

A e AR

inmport os, pygane
from pygane. | ocals inport *

import nunpy as np
from scipy inport ndi nage

def get_pixar(arr, weights):
states = ndi mage. convol ve(arr, weights, node="wap')

bools = (states == 13) | (states == 12 ) | (states == 3)
return bool s. astype(int)
def draw_cross(pixar):
(posx, posy) = pygane. nouse. get_pos()
pi xar[posx, :] =1
]

pixar[:, posy] =1

def random.init(n):
return np.randomrandom.integers(0, 1, (n, n))

def draw_pattern(pixar, pattern):
print pattern

if pattern == "glider':
coords = [(0,1), (1,2), (2,0), (2,1), (2,2)]
elif pattern == 'block":
coords = [(3,3), (3,2), (2,3), (2,2)]
elif pattern == 'exploder':
coords = [(0,1), (1,2), (2,0), (2,1), (2,2), (3,3)]
elif pattern == 'fpentomno':

coords = [(2,3),(3,2),(4,2),(3,3).(3,4)]
pos = pygane. nobuse. get _DOS()

XS
ys

np. arange(0, pos[0], 10)
np. arange(0, pos[1], 10)
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for x in xs:

for y in ys:
for i, j in coords:
pixar[x + i, y +j] =1
def main():
pygane.init ()
N = 400

pygane. di spl ay. set _mode((N, N))
pygane. di spl ay. set _capti on("Life Denmp")

screen = pygane. di spl ay. get_surface()

pi xar = random.init(N)
wei ghts = np.array([[1,1,1], [1,10,1], [1,1,1]])

cross_on = Fal se

while True
pi xar = get _pi xar (pi xar, wei ghts)

if cross_on:
draw_cross(pi xar)

pygane.surfarray.blit_array(screen, pixar * 255 ** 3)
pygane. di splay. flip()

for event in pygane.event.get():
if event.type == QUIT:
return
if event.type == MOUSEBUTTONDOWN:
cross_on = not cross_on
if event.type == KEYDOM:
if event.key == ord('r'):
pi xar = random.init(N)
print "Randominit"
if event.key == ord('g'):
draw _pattern(pixar, 'glider")
if event.key == ord('b'):
draw _pattern(pixar, 'block")
if event.key == ord('e'):
draw_pattern(pixar, 'exploder")
if event.key == ord('f'):
draw _pattern(pixar, 'fpentom no')
if _name_ =="'_min_":
mai n()

PR AT L7 9] YouTube M & AS 9] i #0451, #b ik 4 hitps://www.youtube.com/watch?v=NNsU-

YWTKXM. PAFZekiat 7 ik 4l
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R T et A4
FATIE FH ) —LENUmPy 1 Sci Py 14 pR B 20t — 2P U], 2L T #A

& i

ﬂgagggsw gg,n;/ol ve(arr, weights, %7 BT %45 E BT B AR %R 2 b T 50 S

bool s. ast ype(i nt) VLR T AR LB A R KR
np. arange(0, pos[0], 10) 2R B MO B pos[ 0] , FLIG % MR 1000 BCAL . FF L

pos[ 0] 1000, FEfTKE5H%I0, 10, 20, ---, 990

11.17 ZARFJ/NE

—JFh, RATRE A AEAR B P4 B Pygamefy LA . A BMRFE L2 AN A G, W%
Fl|—ff FHNumPy F1Pygamel b ik . HETali sk AR 21145, K INumPy 1 Sci Py & FRAR e #%
TR TR E N TR RE, Wisci ki t-1 ear n AT LIRBIARN B2, B2, 5 IR E—1a
i, FRATI ARG — TR PN A5 AN [R) AT T B ORI 1E R 2 S R S sl A SRARIA A 2
W, ESRABESR I —ARZEE (NumPyIch . PythonBl# i B 584540471 ) © (Packt), F
APFERHRERAHGEBNAEEAES,

@© & i A BB HL A RS LR, ——
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DU BE—A~NunPy 8 0] LA R AILEL random

% 8% REIEH
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deci nal
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