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import numpy as np
import matplotlib.pyplot as plt

import utilities
# Load input data

input_file = 'data_multivar.txt'
X, v = utilities.load_data(input_file)

A AT A B A T A%

$ python object_recognizer.py --input-image imagefile.jpg --model-file
erf.pkl --codebook-file codebook.pkl
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TEX 3, FAGEAZ LU TR

Q BdE At AR

Q Fricdmb ik

Q OEZEPEFIHA% (linear regressor )

Q A L AER T

Q PRAER A

Q fEs [ HE (ridge regressor )

a gL mi=CEE4% ( polynomial regressor )
Q AR

Q JHEAFE AR E

Q PR R A R TR o A

1.1 &9

UNSRARAGENLAR 7 T HOFERI R, IR A AHE 2 R B =T o M B T AR FRic iy
FEAS (labeled samples ) bEESZALAR =T RORIRL, flan, WERAIGE, (8 SRR SHE T —&
BRI — MR TR, IR A S BRI — DA, R NSEET Lisid. JA1R2EE
VR, AP 2RERIZEC (RGE L 08 XN AR IS o A T X EEibRic RO, S kmtnT LA
PR A RS ECTE DT T .

ol B~ SNIA B A S, B TR AR B AR IC RO o fRosrs 20—l 7 A
RIEILLH], (ERX MRS FZ AN, T, Jol v~ Akt Dl & B 77 20R Bcdin g 73
IR E R A . FA PR AR R T B 2 JC T

A B SRR RN, Bl £ Python B F40, #NumPy. SciPy. scikit-learn.,
matplotlib%, AR Windows R4E, IR L AEH A SciPy B P LAY Python & A T, ik
Jhttp://www.scipy.org/install.html, iX2EPython & 17 HLE & BERL T % F AR P60, A SRR i




B1E LR

Mac OS X&# UbuntuR4E, LK SRR P AR Y HI 5 1o N HI8 R e 2 RNl SR
FRBETE -

O NumPy: http://docs.scipy.org/doc/numpy-1.10.1/user/install.html
Q SciPy: http://www.scipy.org/install.html

Q scikit-learn: http://scikit-learn.org/stable/install.html

Q matplotlib: http://matplotlib.org/1.4.2/users/installing.html

WAE, IR RN C 220 T IR A

1.2 BIRFALERAR

TERSES R, 20 EAL BRI AR R, oS U Bes JE Lo > A JOR AR Y

N T AEHLR A D Sk P A K, 75 2O Bl A T A B

121 HEIE

K A Python 2 W XM e AT AL BERY . &5, IR BRSO G AR T — D R 4

A pyRI S, fillinpreprocessor.py. SR JEFESCHR BT B4 TACAD .

import numpy as np
from sklearn import preprocessing

FATHIZIA T P B RE PP AL 45 TR A — SO REA R« o) SO s I T T A AR -

data = np.array([[3, -1.5, 2, -5.4]1, [0, 4, -0.3, 2.11, [1, 3.3,
-1.9, -4.311])

BRAERIE AT LI Bt A T WAL B T

1.22 FHEPE

BT LB A 2 H AR AT AL R, 35T R 4 — St i A FIAL B R
1. B (Mean removal)
AT S MR ER R, IAERFIERIE 0 ( BIARHEILALRE ). 3XAERMRT LATH

FREFIE L B AR 2E (bias )o B T I JLATARAS A Z BT I ) Python SCA4FH

data_standardized = preprocessing.scale(data)
print "\nMean =", data_standardized.mean (axis=0)
print "Std deviation =", data_standardized.std(axis=0)
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BB TS T AT TR, SRIEH AL T
$ python preprocessor.py
A AT TEAR R LT 45

Mean = [ 5.55111512e-17 -1.11022302e-16 -7.40148683e-17 -7.40148683e-17]
std deviation = [ 1. 1. 1. 1.]

Res R FHESAE L2 0, T HARiEZE R 1,

2. SeE4ER (Scaling)

Bt S P AN RAIE A BB B AT BB ARAR K, PRI, A PR AR A S R 4 s 35 3 K
INEARE HER) . 7EPython U INA T HUL TS, RFB1TR)T

data_scaler = preprocessing.MinMaxScaler (feature_range=(0, 1))

data_scaled data_scaler.fit_transform(data)
print "\nMin max scaled data =", data_scaled

WHEGZ IR, A B SRR E AR AL T 18 2 AOBUEE R A o gt 45 R0 R s

Min max scaled data:

[[ 1. 0. 1. 0. ]
[ 0. 1. 0.41025641 1. 1
[ 0.33333333 0.87272727 0. 0.14666667]1

3. Y3—4¢ (Normalization)

B I3 —A0 T35 BRI 2 0 (E A TR R B, DU IR AR AR ) 12 (R AR 46 RN AR TR Y
BUEIE R . L2 > v dec B — A O R B R ) s RN LR, AR ) i A
A1 BEhR T P4 A S 2 F T B Py thon 3L -

data_normalized = preprocessing.normalize(data, norm='1l1")

print "\nLl normalized data =", data_normalized

PUATPython U, WA LAE R T A4S

Ll normalized data:

[[ 0.25210084 -0.12605042 0.16806723 -0.45378151]
[ 0. 0.625 -0.046875 0.328125 ]
[ 0.0952381 0.31428571 -0.18095238 -0.40952381]1]

RN T8 PR s BT RO AR A AR T 7 AR R 22 5, RV PR Al Ak T[]
— B, R AN FERERE AT e

4. —{#1 (Binarization)

AR TR B AR ) O A AR o B4 1A AR B FT AT Y Python ST -

data_binarized = preprocessing.Binarizer (threshold=1.4) .transform(data)
print "\nBinarized data =", data_binarized




4 H1F BEED

PRI TPython ST, S nT LAFE 21 T 11 1945

Binarized data:

[r 1. 0. 1. 0.1]
[ 0. 1. 0. 1.1
[ 0. 1. 0. 0.11

WSRO XA T —E R T, s A AR T
5. JhHAYRED

M, AP AR . BOLM RS [l SR, FRATIF AN Bk AR
B, kTR ZE FA A ASES ( One-Hot Encoding ). AT LA AL B 1E & —FPSEE (tighten )
FRAE R TR EACRAIE A i i B R IE SRR A AR B S BTN, i 5 one-of-kFE A%t
BEAMEHEA TR AS o AR 1] B A R IE (R B AP T U, IR mT LS A S8t 3 =3 )
fan, 1w Z A BALE 2SS4 — R R S DR T AR A, A 2ok 1) B
ANFEAE ] AR R, SRS AT AR B A A A PRAR R T PO (LR K, I AR MR IER
oo FA —AMER U AR EHAR OB KA [l . 3840 R LA AU 2R T Y Python SCEHP

encoder = preprocessing.OneHotEncoder ()

encoder.fit([[0, 2, 1, 121, [1, 3, 5, 31, (2, 3, 2, 121, I[1, 2, 4, 311)
encoded_vector = encoder.transform([[2, 3, 5, 31]).toarray()

print "\nEncoded vector =", encoded_vector

G R :

Encoded vector:
[r o. o. 1. 0. 1. O0. 0. 0. 1. 1. 0.1]

E_ L REld, WE— TR NRHER RS = ARE, 3R, 5. 2. A4 AEREW
B, W P gm i v A 24 ﬁﬂ%4 BN s T, AR AmESLE [0, 1, 0, 01,
s A —MER . HATeEREL, M ERS.

1.3 #ricmiLT57E

TENE 2~ v, 2R e B B M AR AOARIC . X LEPRiC T AR, WRIBEE A, IR
PRCREECT, ﬁK/Aﬁ%TUE%ﬁEHﬂ EAT, (B, WFZMHET, PR 2T 3R
fife, PG, A8 H SR IabRiC IR . bric i ZHE AR iC Al B e 5,
IERREITEAEARIC . $ T ORB R IR C R .

EMTE
(1) Hrt—-Python {4, #RJ5F Apreprocessingfe ¥4 :

from sklearn import preprocessing
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(2) A4 A 2B A B B R, 5 L —AMFRIC D28 (label encoder ), 14 _
A T

label_encoder = preprocessing.LabelEncoder ()

(3) label_encoder X G HIE Wi B f# FRIAbRIC . H2 TR A1 —LEhRid :
input_classes = ['audi', 'ford', 'audi', 'toyota', 'ford', 'bmw']
(4) AR AT LLA X SEpRic gt 1 -

label_encoder.fit (input_classes)

print "\nClass mapping:"

for i, item in enumerate(label_encoder.classes_):
print item, '-->', i

(5) AT, A AT TR R T I AYES

Class mapping:

audi --> 0
bmw --> 1
ford --> 2

toyota --> 3

(6) AR AT 45 s BIRAE , FARl B UM OTF AR I R 5 1B . BRAE, ARk 3| —dHbrid,
AT D AR AN A e AT T, AT R

labels = ['toyota', 'ford', 'audi']

encoded_labels = label_encoder.transform(labels)

print "\nLabels =", labels
print "Encoded labels =", list (encoded_labels)

AT AT AR 7R T I RS

Labels = ['toyota', 'ford', 'audi']
Encoded labels = [3, 2, 0]

(7) A2 Ll T T 7 50 SR R i B BAF 22 . T DA 5 S 1] B ] Y 1)
RER AE 4 R A IE B -

encoded_labels = [2, 1, 0, 3, 1]

decoded_labels = label_encoder.inverse_transform(encoded_labels)
print "\nEncoded labels =", encoded_labels

print "Decoded labels =", list (decoded_labels)

ZERIMT IR

Encoded labels
Decoded labels

WLAES], WSS IR,

[2, 1, 0, 3, 1]
['ford', 'bmw', 'audi', 'toyota', 'bmw']



6 H1F WEFI

1.4 GIEZMEYI=E

[ YA A RS S i e (1 R =2 (] 5 R A At o e wR SO Uy, JATHYH
P it A i A 1 R O R AR R L EFRATIN— R A s BT o %5 R8T T A
SLIBHES TIPS

1—2
3—6
43 —8.6
7.1—14.2

WERERAE T A S i A RO R, URAT DL A DE R b R B A5 R . AT & B
SR — A AR IR, DR A S PR A ORI R

flx)=2x

TR B A S50 BRI SC R ) — ] R DR, R LS IR ol WA AN X A
B RS AU OC AR RSO AN — AR AT LA HR Y

141 HEIE

2 ] T P A A R )RR 45 A A pR S T T P % 49 AT — o B A B A Y
PEmIA .

IAE % fe B -1 TR IS




1.4 AELEE)AE 7

L R0 1) H AP HU A 5% A8 e Y DGR AR A | s oKk S iy 5 ek
Toe s 5% 2577 1 ((sum of squares of differences ) fie/Mbo XFI I IEPFR AT & N =T
3% (Ordinary Least Squares, OLS ),

PRAT BRI — A5 I XTI 28 g A TIL AR S AT, (R E RIS SR Vs i, Lt [ml
VA FE SR R R A SRARAR ARG [0, AT RE S5 2 E AR AR, (FOR LG e B
S8R L ZRME AR AR AT IR SR L s i, H— AR BB S e TP RER
Gnfa] FHPython 37 £ P [l AR 7Y

142 FHEPRE

B E 2B T BdE - data_singlevar.txt, SCIFH FHIE S0 Fafi 0 E 7B, H— D 7BUE
WA, B ATBUR 518 500 A5 AR R A HE . ARTT AR XA S E A S B
(1) BE#E—1~Python3Cfregressor.py, #AJ57EH EIGHN T EJLAFARAS

import sys
import numpy as np

filename = sys.argv[1l]
X =[]
y = []

with open(filename, 'r') as f:
for line in f.readlines():
xt, yt = [float (i) for i in line.split(',')]
X.append (xt)
v .append (yt)

e AR AR Aty , bR EE, viER L. fEARS for R A, AT &
TTBdE, HESRIFE, RE, FBEACHITE S, I BRI AE xRy H

(2) BN ALER2E I BIRIES , T B —Fh I R IR | A A R AR A 3k B — i T R
(satisfactory level ), A T SEBLX A7k, EHR A . IZEPELE (training dataset ) 5
BHiE (testing dataset ), YIZREHE AL Ak v ARSI 5cH0a B P ke 90 TR AR U XoF A 145040 1 27
AJROR . BRI, BRI s 4 S R A

num_training = int (0.8 * len(X))

num_test = len(X) - num_training
# | SR
X_train = np.array (X[:num_training]).reshape( (num_training, 1))

y_train = np.array (y[:num_training])

# MK AR
X_test = np.array (X[num_training:]) .reshape( (num_test,1))
y_test = np.array (y[num_training:])

X HLH80% B/ E IR R4, HAR20% ) KA Ik 4 .




1% BHE$3

o0
i

(3) BEC AMERAFINGREIRL . 5 FARAIE— D BIAER, AT Frs .

from sklearn import linear_model

L= NCACNER S

linear_regressor = linear_model.LinearRegression ()

# R ARAEEN HAER

linear_regressor.fit (X_train, y_train)

() FATRHINGE IR NN 5 T2k nlA g o )£ 1 ¢ e Pe Bt ABdE R mT 28 . HR T
RIS E R S

import matplotlib.pyplot as plt

yv_train_pred = linear_regressor.predict (X_train)
plt.figure()

plt.scatter (X_train, y_train, color='green')

plt.plot (X_train, y_train_pred, color='black', linewidth=4)
plt.title('Training data')

plt.show()

(5) TEa AT CRPHETIN R 454
$ python regressor.py data_singlevar.txt

WE BN 128778 M A
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(6) TERTTEA A, FRATHINZRpo BRI 1 I ZRBOE Ak 4558, (A RE DI
XFARMBEAEIE ], ROy AT IR R Bisf R iy, X N BRI R 2R 800 1205
BER . W29 LIRS, BRIIZRIRCRIR S .

(7) 2 PR BRI R e A T3, SRS R AR, SRS AR R
y_test_pred = linear_regressor.predict (X_test)

plt.scatter (X_test, y_test, color='green')

plt.plot (X_test, y_test_pred, color='black', linewidth=4)
plt.title('Test data')
plt.show ()

BT, TR BN 1-3 TR R

[ JOX ) Figure 1

foo+ 8@

1.5 HHEREVAEMHME

BUAEC 2N T IR, 45T ok B A AR AT PR (B8R O PL SRR o 7EREREH B
KAEF, HRE (error) FrnSPrE-SHRTMEZ I 2EE.

151 HEITIE
R T LA R S A R B BB (metric ), 919280 LU FIA AR R IFS 4
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AT, FA SRR AT FR .

O FH4e3tiRZE (mean absolute error) : X245 %E B 1) A BE S 4 %R 251
Ho

O H7HIRE (mean squared error) : 345 8 S AR (1) T A s 55 iR 22 1917 1 P34 1H.
AT Z —

O PRz (median absolute error) X225 SR A i A B0 i B9iR 22 1) Fh AL
o XAFRPRI B2 0T LSRR S (A (outlier) FTHE . IR P 1 B IR A
RS ANR TG bR, Y IRZEFAR 2 B S5 5 BRI

O BB HES (explained variance score) : X80 T Fe Al 1 AR X B HE S 0% 5
HIERERE ST . WS 1. 0/\ A2 FIAFRAT T AL SE 611

O RA1E4 (R2 score) : BPREVE R, IR TEADC RS, T A A
PHVREAS T AR50 Eﬁi‘ﬁ’] %%J\z'?zl 0, fEBATIEMEL,

1.5.2 1FHPLE

. ST N — N . S
scikit-learn J A —MEEHe, R4 T ATA IR PIEE . EORTTTIT—1Python XX, AR5
A\ S,
A LI AU
import sklearn.metrics as sm
print "Mean absolute error =", round(sm.mean_absolute_error (y_test, y_test_pred), 2)
print "Mean squared error =", round(sm.mean_squared_error (y_test, y_ test_pred), 2)
print "Median absolute error =", round(sm.median_absolute_error(y_ test, y_test_pred),
2)
print "Explained variance score =", round(sm.explained_variance_ score(y_test,

y_test_pred), 2)
print "R2 score =", round(sm.r2_score(y_test, y_test_pred), 2)

BRI R B AR ZRAY, P R R — PN EARRITPAS FAT T AR i
(e R PRI T IR 2 SR, T LR 22 70 e i

1.6 REFERBEYLE

BAMNALE R Z G, R ABEIEBALRAE B, IR U R R I, I 15 o b o 282
AT T o
32

FHRR P ORAFASRL 1) BAARSRAE AL BR AT

(1) 7EPython S fregressor.py 1 IA LA F LAY .
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I
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1.7 @k we)

import cPickle as pickle _

output_model_file = 'saved_model.pkl'
with open (output_model_file, 'w') as f:
pickle.dump (linear_regressor, f)

(2) AR 2 R fEsaved_model. pkISCPFH . N IHIAE R AT MBI E, ACSAnT Frs .

with open (output_model_file, 'r') as f:
model_linregr = pickle.load(f)

&

y_test_pred_new = model_linregr.predict (X_test)
print "\nNew mean absolute error =", round(sm.mean_absolute_ error(y_test,

y_test_pred_new), 2)
(3) X L H A M T AR A A Pickle XA N Fmodel_linregrZfm . RO PLEHTENZE Y
T P ZE R TS L, #RIARER S 2 R —HF

1.7 BIEIR[EYIE

L [ U9 14 3 S I S S (AR, 7 LS S S i B | 8 2o SRR 1
TREE L TR A - /N T, L AR R EOE iR M . XS, TR (s
LML IHER T, FAT R, IR s A
1.71 HEEITE

TeEE -4,
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A AR AR R U S e, FURX ML RS B A i RdE A, R S B
TUEREE 1o PUTEEIES, AT s anE -5 A A 4 R T T

i fie /N B AR 275 A B R, DL, AR R -4 R B
SRR, AR, TR BRI E R . o TSk AR, JA 15 A E M ALTRAY 2 K
h R (AT B (LRSI o X AT IE PR I Y3

1.7.2 FHSE
2 kB A W] PythonZE N7 I [F] 5 £%

(1) A L) Pdata_multi_variable.txt SO HMEEE . XA 178 & 2 EUE. B
T e —EUESL, AT BT A S A RFIE 1

(2) T AR A regressor.py SR - FRATHI—LESHmI i (e [l 4 2% -

ridge_regressor = linear_model.Ridge(alpha=0.01, fit_ intercept=True,
max_iter=10000)

(3) alpha B HI A E AL . Malphatd Toft, WA I3 i 2 i fe /N — T ik
AUZRPEIT A g . PRI, SRR BRI S A A BURR, e B — MR i alphafl.
X1 phaffBEE M0.01,

(4) T ILEFA AU LRI (115 45 .



1.8 #lZ SR =)

i
W

13

ridge_regressor.fit (X_train, y_train)
y_test_pred_ridge = ridge_regressor.predict (X_test)

print "Mean absolute error =", round(sm.mean_absolute_error
(y_ test, y_test_pred_ridge), 2)
print "Mean squared error =", round(sm.mean_squared_error
(y_test, y_test_pred_ridge), 2)
print "Median absolute error =", round(sm.median_absolute_error
(y_ test, y_test_pred_ridge), 2)
print "Explain variance score =", round(sm.explained_variance_ score
(y_test, y_test_pred_ridge), 2)
print "R2 score =", round(sm.r2_score(y_test, y_test_pred_ridge), 2)

IBATASA AR ZEHE bR o T LU RV AR 2 5 — R PE 8%, I S50 [ 8% 45 SR A T
P, FARACENES A RERRLZ 5 A 8CR A
1.8 2L EYIF

LML NIRRT — A T EE R RER I, AR e HREE R AR A R A, 1T 23Tl A5
T A U0 22 0T R FO R S I, DT B e R A HE B 1

1.8.1 E&IIE
FeERE1-6,
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MEL-6 AT LIE ], Bl A S iy AR AL, g PR A e e 21X —
s FRFER ZIREARCR, -7,

FI1-7r B BB LR SR S [ AR, SRR R Z T AR . AR Y il 32y 22005
R /Y o BEFE R AN, SRR R o (EU, S AR AY R ko 1R Y
S5, PRI A SR 2008 o TR AL A M A BRARGE SR S 5 RE ) BRI O SR IS B S
ERUPN I St S

1.8.2 FHTSE
(1) K¢ F 1 B9 A5 in A Python 3 regressor.py 7«
from sklearn.preprocessing import PolynomialFeatures
polynomial = PolynomialFeatures (degree=3)
() L1kt i 20 BRI R AT S R3 . T SR sk TR 2 I S8
X_train_transformed = polynomial.fit_transform(X_train)
Hrp, x_train_transformed#® /R ZIILRMHA , S RIEBALE —FE KM,
(3) $E T RS A5 — AR mOR A A 22 T RS 2 15 BB A T -
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datapoint = [0.39,2.78,7.11]
poly_datapoint = polynomial.fit_transform(datapoint)

poly_linear_model = linear_model.LinearRegression ()

poly_linear_model.fit (X_train_transformed, y_train)

print "\nLinear regression:", linear_regressor.predict (datapoint) [0]

print "\nPolynomial regression:", poly_linear_model.predict (poly_datapoint) [0]

Z2 T VRS TR e i i A (LA e st iy A SO P S — A B (L PR [
BRI, ME—p 220 R R B I . a1 U, ATRIB 2R A4 .

Linear regression: -11.0587294983
Polynomial regression: -10.9480782122

AT LA, 22 [T DA 00 i B P30 S B A 1 Lo G SR AE e B e S P Hh
GUNGEES1 ) IE 2BV & i 8

(4) B2 TR BN R 1 0B B4

polynomial = PolynomialFeatures (degree=10)
CINPE < Wil e

Polynomial regression: -8.20472183853

BUAE, ARAT A BRI SR i i (BT i

1.9 HERENE

S F T2 B RO e LS A [l T TEFRATT X S R AL 38 55 R A o P A
Y 2 A B T I S U Z2 ) 2 —, JlE R — DA AT ERFE AT ESE, mH 5 A
T A BUEARDC, PRI PR 2 > A BT e s 2 i, Ji ik B A (e v LA S A MA b LA AH G
WEE . FRATRHE F A AdaBoostiH ik R SR BI[EIYA8F ( decision tree regressor ) AL [ # ,

191 HEIIE

RARIIE— PR, B0 SRRSO — o, AT SE M e A 25 R, 77 s ok i
BUE, 7 3R ek AR YR R PR . AdaBoost 37 248 H #1455 ( adaptive boosting )
Bk, XA A RS R AR ERR A RR o SRR ARG AS R RRAS i Sk 45 R i 4
G, FIAGL R T SRS e A S5 2, BN S5 S)88 ( weak learners ), AdaBoostH- 15 7E &1~ Fir
B BUAE BB RO BRSO 2 S n] DAFE S — B B s N 2Rt LA Ay SRR AS . iXFh
27 2] J5 AT DAY R 58 R

el AdaBoost A M B AR HEAT AL G, FHTRIREE, R RIERZ PGSR, HFH
FERER L BTG . T DS SRR R g A ROGE fE, ERR B BUY AR . RS
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AR G A SRR, BATH) AR RAG T SRS D e &, X Rt
T USER ISR B T

1.9.2 FHLE
(1) BIEE—SH I Python X {Fhousing.py, XS5 AT I AACHS «

import numpy as np

from sklearn.tree import DecisionTreeRegressor

from sklearn.ensemble import AdaBoostRegressor

from sklearn import datasets

from sklearn.metrics import mean_squared_error, explained_variance_score
from sklearn.utils import shuffle

import matplotlib.pyplot as plt

(2) W _EA —AbrvE B =M A SR, A2 e R pLaN 2% > o /R AT LAFEhttps://archive.
ics.uci.edu/ml/datasets/Housing I 2 50d5 . A idscikit-learn$2fit T HHEE10, 0T LA E B R A
AR E -

housing_data = datasets.load_boston()

FEAEAE S R N B 13 A S BRI, R L fnousing data.dataskEU A RIEL
&, Mhousing data.target3RBCH N B RN .

(3) 4% TR AR AL Sk th 25 R AR R A2 i o JRAT Tl LAE i sh £ £1 e PREEE RN I
FPATAL:

X, y = shuffle(housing_data.data, housing_data.target, random_ state=7)

(4) Z¥random_state HREEHIMMAITRLESE , 1EFRATAT DLE B A i 2R . #2348
G AN SREAR A R EAE AR, P 80% At FH T ULk, FIAR20% A% I Tt -
num_training = int (0.8 * len(X))

X_train, y_train = X[:num_training], yl[:num_training]
X_test, y_test = X[num_training:], y[num_training:]

(5) BIECZ AT LI — D ERER IR 1 e — R RIREE 4IRS, 1A AT LLFR i
PR AAL AT BRI -

dt_regressor = DecisionTreeRegressor (max_depth=4)
dt_regressor.fit (X_train, y_train)

(6) FHH171Y AdaBoostdH i R SRR [ AT RS A T4

ab_regressor =AdaBoostRegressor (DecisionTreeRegressor (max_depth=4),
n_estimators=400, random_state=7)
ab_regressor.fit (X_train, y_train)
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BCHERT DAAE B FRATIXS LN RS8R, B & AdaBoost Bk X PSS [l 25 i I R R0CR A 2 K
GG
(7) £ T ARVEAN DA [ 25 AU FR8OR -

y_pred_dt = dt_regressor.predict (X_test)
mse = mean_squared_error (y_test, y_pred_dt)

evs = explained_variance_score(y_test, y_pred_dt)
print "\n#### Decision Tree performance ####"
print "Mean squared error =", round(mse, 2)

print "Explained variance score =", round(evs, 2)

(8) BAEVFAr— T AdaBoosti % i3 AU RIUR: «

y_pred_ab = ab_regressor.predict (X_test)

mse = mean_squared_error (y_test, y_pred_ab)

evs = explained_variance_score(y_test, y_pred_ab)
print "\n#### AdaBoost performance ####"

print "Mean squared error =", round(mse, 2)

print "Explained variance score =", round(evs, 2)

9) AT 24T T H B R i &5 8 N s
i R RAFE I HR HHHH

Mean squared error = 14.79
Explained variance score = 0.82

#### AdaBoostH ik EHKE H###
Mean squared error = 7.54
Explained variance score = 0.91

BT Y25 RG], AdaBoostBi2: i) LALEIRZETE /N, ELAREE T 2200 43T 1

1.10 IHESERAENEENY

I AR AEAR R S5 B 2 7 FERX N EEGIT, FRATHT T 13RHIE, ENTXHEHEA TTik. (A,
A—NEZRE BT AR I 2 AR, T BRI X A R A BT —
B o AR B2 M —SEARAE , S EAE ML R IR AN KR 2 scikit-learn HL [T A X FEAY DI AE o

E2iiik

(1) i AR A AR BB, #Ehousing.py SCAFHIMAF LA TS «

plot_feature_importances (dt_regressor.feature_importances_,
'Decision Tree regressor', housing data.feature_names)

plot_feature_importances (ab_regressor.feature_importances_,
'AdaBoost regressor', housing_data.feature_names)

BAEEX R A — " feature_importances_ LS B IURIRATE SR AU AR B2,



18 1% BEFEI

Q) HE TP RTFTFEE Lplot_feature_importances il 4&IEE

def plot_feature_importances (feature_importances, title, feature_names) :

# WERMAAAR AL

feature_importances = 100.0 * (feature_importances / max (feature_importances))

# AT A3 BUARHE

index_sorted = np.flipud(np.argsort (feature_importances))

#OAEXe ARy IR EE F 2

pos = np.arange (index_sorted.shapel[0]) + 0.5

# BEHLE

plt.figure()

plt.bar (pos, feature_importances[index_sorted], align='center"')
plt.xticks (pos, feature_names[index_sorted])

plt.ylabel ('Relative Importance')

plt.title(title)

plt.show()

(3) FMTM feature_importances JrikBLUE, SRJFHEERKE]0~100/EF N . 217
BT AACHS , "I LLERIB KR (AT AdaBoost 3 547 AdaBoost 5 i AR ), f74ii g2 & 1-8
ME1-9, BFE BN A H RS A

[ XK ] Figure 1

200+ =@

E o 1-8

(4) M-8 UK B, ANiff AdaBoost i LR [l 945 /R i i L BARIEERM . B R
i AdaBoostHI% PRI 0151 45 B FRRAE B ZEHEFP 22 I, A&l 1-9F7R
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DIS PTRATIO TAX NOX CRIM RAD B AGE INDUS ZN CHAS

K 19

IMAAdaBoosti ik Z )5, b FRAG ISR (14 i B BURF R LS TAT . fEBLSAERG i, AN XHiX 4>
B RRS AF R [ 8, Jtes A B 2 A RF AL LSTAT, X A2 LI ELA daBoosti ik X A
[ SRR3R Y A

1.1 THEHRZBRENERDH

AR 5K — o B4 100 U5 777 326 g D 6 2 B A ) S SR A A TRl FRATToR I BE AL AR 4K (B Y3 28
(random forest regressor ) At th 4554 . BIHLARMOE — MRS S, EFA LR A —H %k
PR T TR R SR R I, PE R AEAPI (EL R B Ao TR

1111 HEEITE

AT 18 H bike day.csv SCH R B PESE , B 7T LLTE https:/archive.ics.uci.edu/ml/datasets/
Bike+Sharing+Dataset KM, X HHEE—IL1651], FIWSEFIS5 B, AHragutenT A
s e =R R ARSI 25 5 — SRS T PUBN S5 H AR, DR AR R
B AT DO G U5 555 1+ 5

1.11.2 FHLEF
F T KB A Python WMl i A~ [, AARAR T 28 7 A5 3AS , 5En] LI & Fbike_ sharing.py




20 F1xE BEFy

RO TR X AU G TR
(D) HRSFA-SHNRTA, T

import csv
from sklearn.ensemble import RandomForestRegressor
from housing import plot_feature_importances

(2) WATHTLAICSVICE, FIIIMA T esvBEFALREZEIRCS VU, B T e— 28 AL
Pade, HILTRE A O L EE e m k4L
def load_dataset (filename) :
file_reader = csv.reader (open(filename, 'rb'), delimiter=',"')
X,y =11, 11
for row in file_reader:

X.append(row([2:13])
v.append(row[-11)

# R AE L AR

feature_names = np.array (X[0])

O ATRAE L AR, R R S
return np.array (X[1:]).astype(np.float32), np.array(y[1l:]).astype(np.float32),
feature_names

TEIXABRELR, AT CSVICPFEEIC T BT 8l o JERUE BoR e FUIE R, R AR A
o ACRFIEAPREE W ABUE P B ok, IR0 sRBGR [BIE

(3) BEBCEE , FFATERLBARIIUY , LB 5 JFOR SO s HES P B A Qe -

X, vy, feature_names = load_dataset (sys.argv[1l])
X, vy = shuffle(X, y, random_state=7)

(4) MZETAME—RE, TR RUE 7 RO R B A s . X —k, FRATTBF90% ) 5 d
JHT N, T4 10%09580E T .

num_training = int (0.9 * len(X))
X_train, y_train = X[:num_training], yl[:num_training]
X_test, y_test = X[num_training:], y[num_training:]

(5) IR YIRS -

rf_regressor = RandomForestRegressor (n_estimators=1000, max_depth=10,
min_samples_split=1)
rf_regressor.fit (X_train, y_train)

Hr, Z%n_estimatorsEfETPEMLAF (estimator ) AR, FRBENLARMT L6 AYH 3R
PR ; 28 max_dept IR BRI B RIRE ; S8 min_samples_split EdRURH 43
BT HHEER R R R NBEREA
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(6) PO REHLARAR I A AU ZRBOCR -

v_pred = rf_regressor.predict (X_test)

mse = mean_squared_error (y_test, y_pred)

evs = explained_variance_score(y_test, y_pred)

print "\n#### Random Forest regressor performance ####"
print "Mean squared error =", round(mse, 2)

print "Explained variance score =", round(evs, 2)

(7) tr T 2 27 Il Rl B A AP I Y PR %o 1ot _feature_importances T, 5 TR Hi%
FHIE:

plot_feature_importances (rf_regressor.feature_importances_, 'Random Forest
regressor', feature_names)

AT, ATLLIE 2N 1-10 7R BIEE .

L X ] Figure 1

Random Forest

weekday  workingday  holiday

OO+« &8 @

Kl 1-10
BRI (temp) J252M AT ST EREZERNE,

1113 BELZAZR

RIS S TV AR, AR 4 D AR TR
5 T CPIARHIESR, SRR AR T 0. 3 Fl 4015 SR LA Skt - i -
TEVRCRR A, PR B S, AEBUR AR 4 Load_dataset T,



22 1% BEFEI

FRATREZEX £ o &R A Y HRUE 0 FE RS A TR
X.append(row[2:15])

PR P 1 A B S IR, T LA B0 IA -1 s RO RE 1A

LXK ] Figure 1

00+ 8@

Koo1-11
SR —FE, MEHRTTLUE S, BAXHAREREER), X mrr S, Foy R4
2E AU A RFEA AR 20 . BRI, XS Sk a5 A B R, MIEZHEE0A
AT EHABFIE TN EE R T R IE A o, SRR AN T H,

WA — Iy F /NN GE Y A AT 3 8 bike_hour.csv. FRATHEFHRIE3~1451, RIS %
M K Load_datasetfif— S % .

X.append (row[2:14])

BT, AL B RS R UIZREE R T

#HEH BALAKRTE T HR HEHH

Mean squared error = 2619.87
Explained variance score = 0.92

AR B R SR RN - 1207
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foo+ - w@

K o1-12

Fl1-120 R, Sl BRI 2 — R P AR S (hr ), X8 RFFG AT ESE ; HakE
BRSO AR —E



Bl 772K 8%

TERX—3, FAHG LT T

O H# AR (simple classifier )

Q @728 52588 (logistic regression classifier )
Q @AM DI 43254% ( Naive Bayes classifier )
O B A o B 2R A a4

O FARZEIE ( cross-validation ) 6 56455 B A
Q JRIEMFE ( confusion matrix ) 7] #i4k

O fRHUERER A

O MR Pl BT i

Q A B HhZE (validation curves )

Q A2z ik (learning curves )

Q B AMZ (income bracket )

2.1 &

TERLAR A ) U, A A BR AR o oty T2 i e . 0285 E—iad
BTN T) , (D At 2 R Sl M 2 T o AR IR A AR I B VI i i S — e
SRJF R AR AR BEA T 5028

IrIEAs ] LR S B RO RE A A1, Foe ] B0 70 AR LR TR AR PR 7E LSS
H, el LURAR R 2B fese il i, ATRUE R 5T (binary ) 3268%, K& 7>
JEPIZE, WA FIZI0 (multiclass ) 7026w, K 7 sP A AL ISR figp bk o328 (RIS £
YT B 1] Tk o028 RN, R DUE i A A R SO0 A T , R ke 22 5070 28 R AL

IrEAEA TR A TR HLAS 7 > SUSRAY T RN A o FRATT 5 2o ey i FH AT B0 Bl AR B
RS (PLaR=2 IR ), RIS IERIRIN IR Scttt b . 7EiX—Z 1L, FRATRA BIPF 226U
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22 BEMEBITERRS
A 22 W PN B S — A L0 e

221 FHEPRE

(1) i i simple_classifierpy LAFE A S % . IRIARE S M F—F—HF A T numpy
matplotlib.pyplot®E/Ffd, MBATE ZAIE—SrEAKEE .

X = np.array([[3,1]1, 2,51, (1,81, (6,41, 5,21, [3,51, [4,71, [4,-111)

(2) FyiX BLHE R B —SEhRic

y =10, 1,1,0, 0 1, 1, 0]

() FARAMAZE, Frly SR TR, —BIEo T, WRIRANDZE, Ay BETE
AL NOBIN-1 . 2 P edi IR IR ICHTREAS L 20 P 2K -

class_0 = np.array ([X[1] for i in range(len(X)) if y[i]==0])
class_1 = np.array ([X[i] for i in range(len(X)) if y[il==1])

(@) R TXBIEA A EWAAR, EEMRE R, TR

plt.figure()

plt.scatter(class_0[:,0], class_O0[:,1], color='black', marker='s")
plt.scatter(class_1[:,0], class_1[:,1], color='black', marker='x")

BIE— RS E (scatterplot ), AT HAI X /R S8R . ZEpimm S, S8narker
FHARFREIE SR, AR class_oBdE, FIXFRclass_100%80E. B17R05, oI
LI B g 2-1 s i EE .

(5) FEZRTIPRAFARAS o, HR AR R xSy Z [R5 2 A8 TSI . WS B R B
Hi R B 5 A AN [RI A A PR () i — 454 B2k, ARAJE AR ? R LB H Ak T R
WS E Z o)l — 25 T L T o R A& UMy SE e .

line_x ange (10)

=r
line_y = line_x

(6) MACA ARy = Bl — A HZ . UBSATE PR

plt.figure()
plt.scatter(class_0[:,0], class_0[:,1], color='black', marker='s")
plt.scatter(class_1[:,0], class_1[:,1], color='black', marker='x")

plt.plot(line_x, line_y, color='black', linewidth=3)
plt.show()



foo+s@

K 2-1
(7) A AR, AT LA EanE2-2 0 s i EDE

oo+ 8@

K 22
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222 BEZAR

FHUATR RS, T — AR 2 8% . AR A (a, b) e K FH%ETFo, ATRET
KAlclass_0; RZ, BETclass_ 1. WX SE N HITRA, RS RN EX
e, XEERELEE S T — 0] LR BRI EE 2R 70 2588 (linear classifier ), Z i LAFRHE 2k
PEor2edn, BRI RIZ R —REL . WARRIZ R4, BRIEL M 254 (nonlinear
classifier ).

AL 2R Z I AR AT, DR S AR D, nl DA E UL W o 314k . A JLTA>
B S We? W x2S B A T — AL AL ] ( generalize ) We? F—1rf A 4ix— 8L,

2.3 E 1FZiEMDYI s

BARXBEBHIT E—2EN R EYAX AN, (RS R —F 205k, hE—4 %
P, TSy — AN LIRS Z (a2l 2k h i L pdasi Al o 2248 [ )3 5l o] LA R 8dm IR 28 ) —2H
FREIA TR RS GI AL

FRSR

(1) F1EE A FPython i SE B2 48 015, FeAi 148 Fllogistic_regression.py XHH-E NS %, RiX
ELFATHEMHMRER, 2T RO — LI Zibric AR SIS .

import numpy as np

from sklearn import linear_model

import matplotlib.pyplot as plt

X = np.array([[4, 7], [3.5, 81, (3.1, 6.21, [0.5, 11, [1, 21,
[t.2, 1.9], [6, 2], [5.7, 1.5], [5.4, 2.2]])

y = np.array ([0, O, O, 1, 1, 1, 2, 2, 2])

X R34

() Wi — A2 532 4%

classifier = linear_model.LogisticRegression(solver='liblinear', C=100)

HITTAT ) pRESCAT — S8 A SR B, R R E RS solverflic, Z¥lsolver
T BCER AR R G R SESEA, SRCHIRIENSR R, Bis), s I A BB .

(3) #E RN

classifier.fit (X, y)




28 2% #IANERE

(4) 1 H R R 5
plot_classifier(classifier, X, vy)
it 25 SCAIN 1 P R A

def plot_classifier(classifier, X, vy):
# LA AL L R
x_min, x_max = min(X[:, 0]) - 1.0, max(X[:, 0]) +

= in 1.
y_min, y_max = min(X[:, 1]) - 1.0, max(X[:, 1]) + 1.

TR s FATT7E I o AR B8 A BS54 S e/ IME B e A . RT3 hn 17—
A (buffer), #lan EEMRASHAY1.0,

0
0

(5) N TG, HTER M (grid) BRI rBaE, Reitnfmisk, T
THTAREE S SR -

# RERKEENT K
step_size = 0.01

# 2 XA
x_values, y_values = np.meshgrid(np.arange(x_min, x_max, step_size),
np.arange (y_min, y_max, step_size))

A Hrx_valuesHly_valuestld & >R FEEUE I AL 15

(6) Tt 73 SR8 A Kl mi ) G345
SR B EAR

mesh_output = classifier.predict (np.c_[x_values.ravel(), y_values.ravel()])

# R E T

mesh_output = mesh_output.reshape (x_values.shape)
(7) TR X Jam A5 2R AU a0 5

# AFEEE s EALER
plt.figure()

+ EBEREFTE

plt.pcolormesh (x_values, y_values, mesh_output, cmap=plt.cm.gray)
AR —A = YEm E g, BERT LA 44 5, T U@ (color scheme ) &
IR R XA A A S B . AR AT RAFEhttp:/matplotlib.org/examples/color/colormaps_reference.html #¥%,
NP ARG
(8) 42 PR IR s m e |

plt.scatter(X[:, 0], X[:, 1], c=y, s=80, edgecolors='black', linewidth=1,
cmap=plt.cm.Paired)

# BB GRLTEE
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plt.xlim(x_values.min(), x_values.max())
plt.ylim(y_values.min(), y_values.max())

# R E XS5 vy
plt.xticks((np.arange(int (min(X[:, 0])-1), int(max(X[:, 0])+1), 1.0)))
plt.yticks((np.arange (int (min(X[:, 1

plt.show()

Hrf, plt.scatter U SE7E & o x[:, 01FR/R0fh (X)) MAFME, x[:, 1]
FORU (YHl) MBPME. c=yFORBIGORE Y. FHAARCHS cnap i, TATHE E
A AR AR AR B 4, B, FIv AR s, Astritir UEY Sl fHple . x1infliplt .ylim
Wi . AT FRICARFREIEE ,, 80 Hple . xticksMiple.vticks, TEARFREN AR ARFRIE,
AT LA EDW DA HBCE S O o AR AT AR FRAT T B AR bR )t KB 5 s/ M TR 20
SERNZIE, A SRR, I int () sREOH A HUE

9) AR, AT LA 2 a0 2-3 Fr s g H 25 51

[ JOX ) Figure 1

200+« @

E 23

(10) FTHEEFESECHRAA N . S5 cRnmI2451% ( misclassification ) AYFESTE
(penalty ), WHRAESECEEE 1.0, SISRIWNE2-4FT R4,



() @® Figure 1

200+« |

K 2-4
(11) QR SH I B 10000, 233 40EI2-5 R 45

[ ] @ Figure 1

00+ &\

K 2-5
BEE ZHCIIAWIE K, SR ET s . I, 2 28ny i .
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2.4 FEILFMEDUMH o 388
AN LIS 53 R P DU A B R 27 20 40208 . R T A A 3 — b

UL e s o8 _

FHLR
(1) F& A1 1{# Finaive bayes.py XCUMENZS %, HESAMMELTAL

from sklearn.naive_bayes import GaussianNB
from logistic_regression import plot_classifier

(2) FEMREUCES A —>data_multivar.txt CHF, RS TR T EE, 51745
YEAR I IZ 5 I FRFT R BORUEL . ST A8l -

input_file = 'data_multivar.txt'

X []
Yy []
with open (input_file, 'r') as f:
for line in f.readlines():
data = [float(x) for x in line.split(',')]
X.append(datal[:-1])
v.append(datal-1])

X
Y

FATC 25 AE R AbR e o 28N A s x Ay T,
(3) NTHEN.— AR DU 4325 de
classifier_gaussiannb = GaussianNB ()

classifier_gaussiannb.fit (X, vy)
yv_pred = classifier_gaussiannb.predict (X)

GaussianNBRREHEE T 1IEA M ANE DL ( Gaussian Naive Bayes model ).

(4) 5 P ATHI PSR R 1

np.array (X)
np.array (y)

accuracy = 100.0 * (y == y_pred).sum() / X.shape[0]
print "Accuracy of the classifier =", round(accuracy, 2), "%"
(5) 1 B s R A

plot_classifier(classifier_gaussiannb, X, y)

AL S E2-6 TR 1 ETE
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[ NON ] Figure 1

K 2-6

E2-6H AT DLAER, 3 BR300 B ™A H X 53 BT A R s o FERT X e, FRATTE
Xt BEPEI ATk, BLES I ) — SRS iR N A S ( nonoverlapping ) ROEHE T
YRR, PO, 2 — S ARl T B A T, ] DAy e v s PP A A AL AR
Bl FRPATIEOL . scikit-learn i — 73 AT AR dF i D AR, FRATHAE T — e

2.5 PHAEESEIBNZGEFNIXE
AR A TR & A 5 B SRR A B

E 2P
(1) ¥ R A A BB —5 Py thon S+
from sklearn import cross_validation

X_train, X_test, y_train, y_test = cross_validation.train_test_split (X, vy,
test_size=0.25, random_state=5)

classifier_gaussiannb_new = GaussianNB()
classifier_gaussiannb_new.fit (X_train, y_train)

X, IS M cest _sizeBtBM0.25, RN T 25% A8 45 MK . T 75%
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AR TN A e 5 o
(2) T ZE A S A I

y_test_pred = classifier_gaussiannb_new.predict (X_test)

(3) AR UERAE «
accuracy = 100.0 * (y_test == y_test_pred).sum() / X_test.shapel0]
print "Accuracy of the classifier =", round(accuracy, 2), "%"

(4) T H IR P B o5 S A B
plot_classifier(classifier_gaussiannb_new, X_test, y_test)

(5) AT LAE B a0 2-7 s i EE .

[ JON ) Figure 1

200+ ¢aa

2.6 MRZXHIERIEIREERMY

3 S HLAR 7 > B E B A b — 5, FA R i T IR S A A
SR, R T RERG BRSNS E , w2 BRI AR T AT S ik AR e
TR, BATTRESL RIS (overfitting ) A, 33 BERIA R AR BAITE O BRI
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&

k!

34 F2% REHEE

WA THESLS, R —BERAEI R 7o BATEIEARZY, Rilbldss IR RESE ] TR

261 HEETIE

IR SE A IR Z R/, Jeihie— N PEREFE R MALFRBLAR = T BRI, Gl O 03
F8hr: K (precision ). A HI% (recall ) MIF1#54) (F1score ). AJ LIHSEOTE 45 ( parameter
scoring ) FRAFAIHEVRTF 7 o K REZHEBIMSEARIETN 0 2R REA B 7 702 B SR A R it
BVE ST (2R REIR T, Ao AR T ), A BRI E B I RE A K
IR A e (F—LEREAR R T2, (B 2R an iy 7 ik ).

B BHREA 100 A, Hfh A S2MREA R IRATTEOLER ), BUAEAE /0 2 a ok HH ix 82 FE
A B, MRERIEN TR, EINRARIRATEOLIRE . fEX 73 M FEAH, HASZ A 65
AREARTETRA VDL, T RIS MNFEARTRA AL, B2 s 7o A~ 8
KOG E .

Q ZRIEFFEAR R = 65

Q B REEARRE =73

O K5 =65/73 =89.04%

AR R RIT

Q K IR LR B RE AR = 82
Q ZRIEFFEAR R = 65
O B% =65/82=79.26%

— AN IR A 2 AT T B i LA R AR BE RN A 1, S AR bR R AR R, —
MEFRIEFN100%, A4S —Matrst Ak s 25 A THZARFEN AR bR aES [RI A 4b T P
J T RPN ERR I, SIA T FIURIMERR, SER A R0 & bR, SEPr LA B
A R AP FIIE (harmonic mean ):

F1 7350 = 2 5 RS x 4 15/ (FFJE + 14 [u]%%)
LR B EAS o AR AR AT

F1 4343 =2x%0.89x0.79 /(0.89 + 0.79) = 0.8370

262 FHRSR
(1) A B TSI e, IHRBUE R bR . & e EORE -
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num_validations = 5

accuracy = cross_validation.cross_val_score(classifier_gaussiannb,
X, vy,scoring='accuracy', cv=num_validations)

print "Accuracy: " + str(round(l00*accuracy.mean(), 2)) + "%"

(2) R E RS BTSRRI | 78 I3 PP 1455

fl = cross_validation.cross_val_score(classifier_gaussiannb,
X, v, scoring='fl_weighted', cv=num_validations)
print "Fl: " + str(round(100*fl.mean(), 2)) + "%"

precision = cross_validation.cross_val_score(classifier_ gaussiannb,
X, vy, scoring='precision_weighted', cv=num_validations)

print "Precision: " + str(round(100*precision.mean(), 2)) + "%"
recall = cross_validation.cross_val_score(classifier_gaussiannb,

X, y, scoring='recall_weighted', cv=num_validations)
print "Recall: " + str(round(100*recall.mean(), 2)) + "%"

2.7 REREETIL

TRIEHFF ( confusion matrix ) JEPRAREM B MERERV SR, ©A BIFIRATHEAR 40y 4k
BAE AR 2 AT A TR, ST A SO 2R 2 W T R EE B AR R A
TE L o A7 SE SRR LA A SR T 22, TR A RE R T LA B FRA T RA X 26 [R) |1, Se G 7 &l 2-8
J7R TRV HEL I

Predicted Predicted Predicted
class O class 1 class 2

True
class 0

True
class 1




36 %

2F AANKE

FEEI2-8, AT LAE HASFIZE B o3 285 dl . BRARRE 0T, FRATA AR Aot R
FIR0, XRRIEEMNRLGER, B FBclass 0, —IL52 A JE Telass 0. AN —1T4k
sk, BEOIES2. HEMAE, A4S MEARPIER M 1ok, 22K 05 M HEA S T
class 1, A3 AR Tclass 2, FIFRIEER R BT 75 MPIT T80, AR BAJE, class 1HA
A N REAR AR M T AL T class 0, (53 T class 1EET16%. X a2 R T ZAAL A .

FRLR

(1) F&A T H confusion_matrix.py XHIFAE NS . B HCHE B U] B H HEBORE RE R -

from sklearn.metrics import confusion_matrix

y_true = [1, 0, O, 2, 1, 0, 3, 3, 3]
y_pred = [1, 1, 0, 2, 1, 0, 1, 3, 3]
confusion_mat = confusion_matrix(y_true, y_pred)

plot_confusion_matrix (confusion_mat)

XHEH T — S AR, — 4R R BUETEER0~3, WA T I A bRiC A,
confusion_matrixFIEREBUREE, REHEEmE Lk,

(2) AREESE SCIRHR AR 1 1 ] R

+ RBTFIRAIERE

def plot_confusion_matrix(confusion_mat) :

plt.imshow(confusion_mat, interpolation='nearest', cmap=plt.cm.Paired)
plt.title('Confusion matrix"')

plt.colorbar()

tick_marks = np.arange(4)

plt.xticks (tick_marks, tick_marks)

plt.yticks (tick_marks, tick_marks)

plt.ylabel ('True label')

plt.xlabel ('Predicted label')

plt.show ()

X B ] ims how R ARG R, HAb R ECERAEH 7 88, AT HIAHSC R EO E 1 BIE i dmat |
B ZIBERPRE . S8 cick_marks AT EZ0~3, H B P A4 RIc K8,
np . arange PRELS AL I — P numpy 204 .

(3) B TR, WTLIE BN E2-9f R M IEDE
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)
[

[ JOX ) Figure 1
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K 2-9

ME2-9m T LI, XALMBERTE, RiTm B el el REXEFER0, EIR
LRI IX A —SE K (O D, R R ERAOREA I . N, AR LSPRCIEBYIE0, T
PRICIBUE LN, ST —TH0 B RIIREE . L, FrA RS R D IHRE T class-1,
PUNER “BA3 DA ORI o X AERE2-9% Bontt—H TR,

2.8 IREUMtRERE
L] B 3 Tlscikit-learnd TEDKSHE . 4 IIASHIF ARG, B FoRA AU,
FHRSR

(1) ZE—H 1 Python SCAAHOMAT T B9ACHS

from sklearn.metrics import classification_report

y_true = [1, 0, O, 2, 1, 0, 3, 3, 3]
y_pred = [1, 1, 0, 2, 1, 0, 1, 3, 3]
target_names = ['Class-0', 'Class-1', 'Class-2', 'Class-3']

print (classification_report (y_true, y_pred, target_names=target_names))

—

) B, A LER AT TR E S AN 2-10 78 145



recall fl-score

K 2-10
AT BT E AN ER, 0 LB XA pREM AR A rh P BT AT B

29 WRIE[REHIDTERE

T RB BT KBRS BLSE R, FA TR — DL SR 4 2R A B Rie gk, flan
TIVRCE | SRR RN AR RS, SREE IR . 202800 H IR 400 i e a4l
KA Aikbs. kbR, R 5.

291 HEETITIE

YR AT LA Mhttps://archive.ics.uci.edu/ml/datasets/Car+Evaluation | 28454
PRifT EAER A P R MEE U . B IEBERE T e E I, HIBUETE B A

Q buying: PUYHIEMEZvhigh, high, med. low;
QO maint: BUYEJLHEvhigh. high. med. low;
0 doors: WIEEMEZE2. 3. 4. 555;

Q persons: HUEERIE2, 45%5;

Q lug_boot: HUHVEMIEsmall, med. big;

Q safety: BYHE{GEFEElow. med. highs

BRI AT S AT R R, W R RT A REAE TATE, JF R R L
Hr, FATHEENLARARE S BRI S, kBT RENLRRAROE S 0 26405 o
292 FHTE

(1) ZF car.py XM BIIRAS . E 55T A HANTAL:

from sklearn import preprocessing
from sklearn.ensemble import RandomForestClassifier
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(2) Im#EELE -

input_file = 'path/to/dataset/car.data.txt'

# RIEAE
X =[]
count = 0

with open (input_file, 'r') as f:
for line in f.readlines():
data = line[:-1].split(',")
X.append (data)

X = np.array (X)

B S hE S RRe sk, Nk, RATWITREASCE, W17 aH, S5
Kz R M) E8dE . OIS —1Tia— D70, FOIGE— AT T Pythonfi /¥
B HBEAL PREE R , BT L BT I S J M R e T L PR IE 3

B) fE L—Fh, AT GHI RS, ] LU X BRI TR B8 -
# AT ALY B

label_encoder = []
X_encoded = np.empty (X.shape)
for i,item in enumerate (X[0]):

label_encoder.append (preprocessing.LabelEncoder ())

X_encoded[:, 1] = label_encoder[-1].fit_transform(X[:, 1])
X = X_encoded[:, :-1].astype(int)
y = X_encoded[:, -1].astype(int)

H T A 1 RT DLBCA PR A RIEL, B ART UTIRRIC i diehe B A e i o Jefl 17 2
HAR B A [ AR IC b as . BN, 1ug_boot JEMEN] LIBG AR ME , FoBdr—4
TG 3N B MR S bR IC i ae . B—ITHRE—MEEE, KERES L

0L H Yo
(4) BT HRING I 2edn
# HIMAAKS LS
params = {'n_estimators': 200, 'max_depth': 8, 'random_state': 7}
classifier = RandomForestClassifier (**params)

classifier.fit (X, y)

RO ABLZEn_estimatorsfmax_depthZHUHIME, WME A TUMAI B ZS /25t vERa e . T8
T FH— AR AL ) 7 i A B S e 6 [ AT,

(5) NI T AL

# R XEEE
from sklearn import cross_validation



9

&
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40 Ho% elkrEE

accuracy = cross_validation.cross_val_score(classifier,
X, y, scoring='accuracy', cv=3)
print "Accuracy of the classifier: " + str(round(100*accuracy. mean(), 2)) + "%"

— BN ZRbr 432548, AT ZEHE B2 T8 o FRATH =373 LEHIE ( three-fold
cross-validation, fEEHE434, #o#E FHH A BRI UE/2258% ) I ZSEs K rERG T

(6) FENT AR 2 H e B H e X I AR A B T2 . T o 28X —
A BBl AT R

# % — 5 T ) BT 4 AL M 9K,

input_data = ['vhigh', 'vhigh', '2', '2', 'small', 'low']

input_data_encoded = [-1] * len(input_data)

for i,item in enumerate (input_data) :
input_data_encoded[i] = int (label_encoder[i].transform(input_datali]))

input_data_encoded = np.array (input_data_encoded)

S R AR A R A o 75 2 Z B G AR T B bRic i, PO 3RAT]
it ORI S i LU Y RITJR — . W AR S L B TR, Aric it a2 Bl
i, PR B AN HGE ATl ok SR A T A A o 0, AnSRARIES R PR — MEvhighiUiflabed
AR 2FRiC i el AN HE AT e 1, PO EARLBE S 2L BX AP . RS iRk A
BRI SET AR

(7) BUAE T LTSI 1 Rl s A 22 T

# T AT PSR AR B Ak
output_class = classifier.predict (input_data_encoded)
print "Output class:", label_encoder[-1].inverse_transform(output_class) [0]

el I preat ce Tyl Y o Un2iha i BEgm s A% hAnic, ARA EXTRATBEA LR
o Wi, Minverse_transformiEXIFRCHITING, FEHBUSEORIIIEX, RISITE
l’—‘H%O

210 SIS UERZ

H TR B ALAR AR S 7 0 2 48%, (HRIFA B W € LS5, ARTOREHA S
n_estimatorsflmax_depthZH, BN IR AFBEE (hyperparameters ), 73254 IPEREZH &
B R . YU SHT, WRAT LUE B AR 00, RSN T o X2
UEHHZREVE T o X Le 4 nT LAAE BB S S S EOG RIS s o JEAR 1, FRATTXHER%
RS EGHE TR, HAWSEOT DR RS . T R nT L ) s S5 AR A I 25
oA
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EMTE
(1) 777 E—F5 i Python 34, A LL FARHS .

# EriEd &

from sklearn.learning_curve import validation_curve

classifier = RandomForestClassifier (max_depth=4, random_state=7)

parameter_grid = np.linspace (25, 200, 8).astype(int)

train_scores, validation_scores = validation_curve (classifier, X, y, "n_estimators",
parameter_grid, cv=5)

print "\n##### VALIDATION CURVES #####"

print "\nParam: n_estimators\nTraining scores:\n", train_scores

print "\nParam: n_estimators\nValidation scores:\n", validation_ scores

FEXA R, AT [ R max_dept hBEAIE R E SLor2ts o FoA TR PEAG 2 45 im XoF
AT, TRMparameter_grid@ X TR0, PGSR STE25~2002 [A] B8
AEGEAR—IR, PAFRI YN ZRAF 5 TR IR 57

(2) 17, AT ATEAr AT TR AR SN E2- 1R 453

##### VALIDATION CURVES #####

Param: n_estimators
Training scores:
[[ 0.80680174
[ 0.79522431
. 80101302
. 8024602
. 80028944
.80390738
.80390738
.80390738

.80824891
80535456
. 80680174
.80535456
.80463097
.80535456
.80463097
.80607815

.80752533 0.80463097 ©.81358382]
.81041968 0.8089725 .81069364]
.81114327 0.81476122 0.8150289 ]
.81186686 0.80752533 0.80346821]
.81114327 ©.80824891 0.81069364]
.81041968 0.80969609 ©.81647399]
.81114327 0.81476122 ©.81719653]
.81114327 0.81403763 ©.81647399]]

[SIUSIS IS SIS I SIS
(SIS USRS IS

Param: n_estimators
Validation scores:

[[ 0.71098266 .76589595 0.72543353 .76300578 @.75290698]
[ 0.71098266 .75433526 0.71965318 .75722543 0.74127907]
.71098266 .72254335 0.71965318 .75722543 0.74418605]
.71098266 .71387283 0.71965318 .75722543 0.72674419]
.71098266 .74277457 0.71965318 .75722543 0.74127907]
.71098266 .74277457 0.71965318 .75722543 0.74127907]
.71098266 .74566474 ©0.71965318 .75722543 0.74418605]
.71098266 .75144509 0.71965318 .75722543 0.74127907]1]
B 2-11
(3) R E R EDE -
§ Bk &R
plt.figure()

plt.plot (parameter_grid, 100*np.average(train_scores, axis=1), color='black')
plt.title('Training curve')
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plt.xlabel ('Number of estimators')
plt.ylabel ('Accuracy')
plt.show()

(4) 12 A AN E 2- 1271

fO0+ 8@

K 2-12
(5) HIZERI T X max_dept hBEHATIAIE :

classifier = RandomForestClassifier (n_estimators=20, random_ state=7)

parameter_grid = np.linspace(2, 10, 5).astype(int)

train_scores, valid_scores = validation_curve(classifier, X, y, "max_depth",
parameter_grid, cv=5)

print "\nParam: max_depth\nTraining scores:\n", train_scores

print "\nParam: max_depth\nValidation scores:\n", validation_ scores

TA1Hn_estimator sBEUE E N20, B Emax_dept nBERMXTYERERF M . 7447 T H
B R 25 SR AN 2-13 7R o

(6) AEHE 1 B -

# EhdAR

plt.figure()

plt.plot (parameter_grid, 100*np.average (train_scores, axis=1), color='black')
plt.title('Validation curve')

plt.xlabel ('Maximum depth of the tree')

plt.ylabel ('Accuracy')

plt.show()
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Param: max_depth

Training scores:

[[ ©0.71852388 0.70043415 0.70043415 0.70043415 0.69942197]
[ 0.80607815 0.80535456 ©.80752533 0.79450072 ©.81069364]
[ 0.90665702 0.91027496 ©0.92836469 ©.89797395 0.90679191]
[ 0.97467438 0.96743849 0.97105644 ©0.97829233 ©0.96820809]
[ 0.99421129 0.99782923 0.99782923 ©.99855282 @.99421965]]

Param: max_depth

Validation scores:
.71098266 @.76589595
.71098266 0.75433526
.71098266 0.72254335
.71098266 0.71387283
.71098266 ©.74277457
.71098266 0.74277457
.71098266 0.74566474
.71098266 0.75144509

.72543353
.71965318
.71965318
.71965318
.71965318
.71965318
71965318
.71965318

76300578
75722543
75722543
75722543
75722543
75722543
75722543
75722543

75290698]
74127907]
74418605]
72674419]
74127907]
741279071
74418605]
74127907]]

[SISISIS SIS IS
[SICSISIS IS SIS IS
[SIUSISIS USRS IS IS

K 2-13

(7) i8S, TR BIA0E2- 14 i EE

[ ] ® Figure 1

Validation curve

Accuracy

70 " . n . . " .
2 3 4 5 6 7 8 9 10

Maximum depth of the tree

K 2-14

211 EEFSIdh%

o ] 2R AT DA TRAR U ZR Bl SR i R/ K AL I BB B B2 >4 38 B35 E T BR A
W, X — AR A . TSI RO, 82 2T it Zeim ik o
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e

. 1 TER
EMT R
e S
(1) FTHF L~ Python X, IILALLFARHG
# )&
from sklearn.learning_curve import learning_curve
classifier = RandomForestClassifier (random_state=7)
parameter_grid = np.array ([200, 500, 800, 11001])
train_sizes, train_scores, validation_scores = learning_ curve(classifier,
X, y, train_sizes=parameter_grid, cv=5)
print "\n##### LEARNING CURVES #####"

print "\nTraining scores:\n", train_scores
print "\nValidation scores:\n", validation_scores

AT 200, 500, 800 . 1100 Y1 E a4 (1 /NI BB R B P RE 5 A o FRATTHE
learning_curveji%gtpE@CV?%%&ﬁ%E%ﬁ@B, e H AT A XBHIE

() iz, AT AR AT TP B BN 2-15F7R 4521

#it### LEARNING CURVES #####

Training scores:

[[ 1. 1. . . . ]
[1. 1. .998 .998 .998 ]
[ 0.99875 0.99875 .99875 .99875 .99875 ]

1

[ 0.99909091 0.99545455 0.99909091 ©0.99818182 0.99818182]]

Validation scores:

[[ 0.69942197 0.69942197 0.69942197 0.69942197 0.70348837]
[ 0.75433526 ©0.65028902 0.76878613 0.76589595 0.70348837]
[ 0.70520231 ©.78612717 ©.52312139 0.76878613 0.77034884]
[ 0.6416185 ©0.75722543 0.64450867 0.75433526 0.76744186]]

B 2-15
(3) FH R EE -

# B &R

plt.figure()

plt.plot (parameter_grid, 100*np.average (train_scores, axis=1), color='black')
plt.title('Learning curve')

plt.xlabel ('Number of training samples')

plt.ylabel ('Accuracy')

plt.show()

(4) 12 I anE 2- 167
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[ JOX Figure 1
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K 2-16

BIRVGREAR L ARG, D5 ZRER b, (R ENRE S SEud Eila . iRk
FRRHB NGRS, SiaHFeE 2 sti. Nk, IIZRdESE M B PR — 5 2245
BRI LA H BRI,

212 HEWAME

ARG 140 B E AT 02 e PR — N A B A SR G, T REAY S H 2SR T S0K HI“fI%
TaREETS0K” . BB Mo B 2, HL T AN B BT A 45 s TR T B
Fm2AMER, fEXMEN T, SRR CmiS e Tty FHaikit—EREn] LIS E S
HE T DA B AR KGRI B R G . TR T3 A 1 A A R 4 B O

https://archive.ics.uci.edu/ml/datasets/Census+Income .

FHPR
(1) BAPR: Hincome.py U A Z 2%, FIANER DU 7328 Skl A, 1556 S AP N6 -

from sklearn import preprocessing
from sklearn.naive_bayes import GaussianNB

(2) Iz H e -
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input_file = 'path/to/adult.data.txt'

# IR AR

X =[]

y =[]

count_lessthan50k = 0
count_morethan50k = 0
num_images_threshold = 10000

(3) FRATHHAE HI A B v 1920 000 EidlE si—— BRI 26010 0004, PRUEWI UGS IA i 25
TEBHIYINZRINT, QSRR AR o4t s iR e T — 2R, IR A e de st o) T3k 2 A I,
S P A SRR s B A A B A T 2

with open (input_file, 'r') as f:

for line in f.readlines():

if '?' in line:
continue

data = linel:-1].split (', ")

if datal[-1] == '<=50K' and count_lessthan50k < num_images_threshold:
X.append (data)
count_lessthan50k = count_lessthan50k + 1

elif datal[-1] == '>50K' and count_morethan50k < num_images_threshold:
X.append (data)
count_morethan50k = count_morethan50k + 1

if count_lessthan50k >= num_images_threshold and count_morethan50k >=
num_images_threshold:
break

X = np.array (X)
[FIREHD, Xt Je— I S B4 1 S . FRATIE 2R Z BT IRAEAL B, FEREE a3 28 fix.
(4) T s BT AT R RV o B, ) I SO P DA 8 i s -

T RO BB

label_encoder = []

X_encoded = np.empty (X.shape)

for i,item in enumerate (X[0]):
if item.isdigit():

X_encoded[:, 1] = X[:, 1]
else:
label_encoder.append (preprocessing.LabelEncoder ())
X_encoded[:, 1] = label_encoder[-1].fit_transform(X[:, 1])
X = X_encoded[:, :-1].astype(int)
v = X_encoded[:, -1].astype(int)

isdigit () PRECH BIRATAIRT — IR PERAREUEEE . FNTHE TR o2 e 8o B a2
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U, REALITA RGO A RAFAE— 83 h T AR R R T
(5) MZkor2ts:
¢ EIHAB

classifier_gaussiannb = GaussianNB/()
classifier_gaussiannb.fit (X, v)

(6) AEEE 73K N GRBE A AR 4, 7 s TR E RESR AR -

# R LB E
from sklearn import cross_validation

X_train, X_test, y_train, y_test = cross_validation.train_test_split (X, v,
test_size=0.25, random_state=5)

classifier_gaussiannb = GaussianNB()

classifier_gaussiannb.fit (X_train, y_train)

v_test_pred = classifier_gaussiannb.predict (X_test)

(7) SFEBERERR s -

# HHEHSRBHFLE S
£

1 = cross_validation.cross_val_score(classifier_gaussiannb,
X, vy, scoring='fl_weighted', cv=5)
print "F1 score: " + str(round(100*fl.mean(), 2)) + "%"

(8) 45 T ARFBF W g B— Bl a1 326 o FRATG AR s i o 2605 T AR R A X

# 3¢ —F AR T ) BT 5 AL K

input_data = ['39', 'State-gov', '77516', 'Bachelors', '13', 'Never-married',
'Adm-clerical', 'Not-in-family', 'White', 'Male', '2174', '0', '40', 'United-States']
count = 0

input_data_encoded = [-1] * len(input_data)

for i,item in enumerate (input_data) :
if item.isdigit () :

input_data_encoded[i] = int (input_datal[il])

else:
input_data_encoded[i] = int (label_encoder[count].transform(input_datali]))
count = count + 1

input_data_encoded = np.array (input_data_encoded)
9) XA LI T2 T

# TR AT P A B AR A 5 R
output_class = classifier_gaussiannb.predict (input_data_encoded)
print label_encoder[-1].inverse_transform(output_class) [0]

FZ BRI EEH—HE, i Hpredict ksl H2eRy, AR5 Hinverse_transform
FHARCHEA TR, B e il FoR IE R, SRIETEM AT TR ARFTENH K,



s pUFEL i

TERX—3, FAHG LT T

QO HISVM ( Support Vector Machines, ZHf[ali#l ) #7 L2548
Q HSVME T AR5 a

O i DA AN 0]

0 R HCEF R

Q FHEIHESE

Q @ FF T %

O AR I i

3.1 &Y

TR ( Predictive modeling ) W RE&EE 41T H i 5| NSz — . LA, T R%L
PEAEA e HAURBTE DD AR, TR 2 5 o (ERIRFZ IR Antay, P A i FH R 7L oA >
JEE2

T AR — i FR BN R GEARAT BB, &t —RERERS TR S iy AL i 5 5t
FIARSCIB O FR IS EAR . A TAR SR LB B £ — AR, AR5 T MR 25 0 AR e A
T

TET AR AR, 75 2R ORI A SRR DI . — BRI, it m] DA —Sedprofk
Y e, AREHEBIARE. " RUE S 72RO R R FE R QU BB . AR Zi A HISVM
NN, LM AR MR

PR 2 FH T AT REXT R GEAT 7™ A R O RR A By o i, SR BRSO, At

e 2L . KRR FERT R AHABR TG . o, AP AL RS, 25
WWBLE [N 3R AT RE SR R G T O, SRS FE ISR 2 Rk 46 PR S ARl
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3.2 B SVMEa&tEndss

SVMUE HIAA 732 00 011 45 ) Wi B2 ST AL . SYMUE i X B D7 R AR i, W] LR
PG 2 R ) e LRI A WARARX SVMANK T, rT AT D LA R BRI IR 7]

Q http://web.mit.edu/zoya/www/SVM.pdf
Q http://www.support-vector.net/icml-tutorial.pdf

Q http://www.svms.org/tutorials/Berwick2003.pdf _

T A B U S VMEE R 25

321 HZI{E

N T TR RS, S T T . A TS svm py S RLE A IR U . fEssr
SVMZHI, S Belidtr T EULAGIAIR o FA PRI QRS SO B data_multivar txtSCPF. R
BRI T AT . BRI — I Python 3O, ARJRAESCHERHEIN T T A TCAD -

import numpy as np
import matplotlib.pyplot as plt

import utilities

# A BN
input_file = 'data_multivar.txt'
X, yv = utilities.load_data (input_file)

WIS T T AR AL, ARG TE TR A SR PR, 3 PR F B load_data () J1ik:

# BN P E S R E R
def load_data(input_file):
X =[]
y =[]
with open (input_file, 'r') as f:
for line in f.readlines():
data = [float(x) for x in line.split(',')]
X.append(datal[:-1])
v.append(datal-1])

X = np.array (X)
y = np.array(y)

return X, y
ity LR R 2, IR B

class_0 = np.array ([X[1] for i in range(len(X)) if y[i]==0])
class_1 = np.array ([X[i] for i in range(len(X)) if y[i]l==1]



50 % 3% TR A

Bl ez m, A e Tim ok .

plt.figure()

plt.scatter(class_0[:,0], class_0[:,1], facecolors='black', edgecolors='black',
marker='s")

plt.scatter(class_1[:,0], class_1[:,1], facecolors='None', edgecolors='black',
marker='s")

plt.title('Input data')

plt.show ()

AR, AT LA B 3-1 s A o

E o 3-1

P31 phy A AL OB AR I —— SR D RN Z 0 3R LA S AR TE UL, FRA]
AR P PSSR . FRATTA E BRIt B Ny — AT LUK S0 7 BRI 0 5 B s JF R

322 FHISRE

(1) FA T 2B A 3 3 N SRSt S A B 4R o 2 [RIRE A Py thon ST R IR AL AR -
¥ B BAR £ R svMI AR

from sklearn import cross_validation
from sklearn.svm import SVC

X_train, X_test, y_train, y_test = cross_validation.train_test_split(X, v,
test_size=0.25, random_state=5)

ERHRLR lindorl(2948899818@qq.com) = BEFIY
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(2) A A% pR%L (linear kernel ) FILATL—SVMXT S, WK T i R BUINE S, 1HS
Zhttp://www.eric-kim.net/eric-kim-net/posts/1/kernel_trick.html, 7ECAH A LL FACAS .

N

params = {'kernel': 'linear'}
classifier = SVC(**params)

(3) MAENT IR SVM I 26405 1
classifier.fit (X_train, y_train)

(4) BUAERT IR B0 Jeam i WA T -

utilities.plot_classifier(classifier, X_train, y_train,
plt.show()

(5) BN, FT LA B ANE 3281 R IR

'Training dataset')

o0 @® Figure 2

Training dataset

00+ |

K 32

plot_classifier PREUHIZ /47RO [ pRE—AE, HBBIMEI TSN, VRATLIFE
utilities.py SCHF LA F BT A 40715 .

(6) & T KRB B LA MABAEE AT AEPython SN T T LA -

y_test_pred = classifier.predict (X_test)
utilities.plot_classifier(classifier, X_test, y_test,

'Test dataset')
plt.show()
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% 3F Tl

(7) 1847, ATLAE BN 3-3 s i EE

[ XOX ] Figure 3

Test dataset

00+ a

Kl 33
(8) # PRI IR R M . ZEPython S ST MY A LAY
from sklearn.metrics import classification_report

target_names = ['Class-' + str(int(i)) for i in set(y)]

print "\n" + "#"*30

print "\nClassifier performance on training dataset\n"

print classification_report (y_train, classifier.predict (X_train),
target_names=target_names)

print "#"*30 + "\n"

9) iz A0S, AT AR AT L H AR BN 3-4 R 4R

HHUHHHH
Classifier performance on training dataset
precision recall fl-score support

Class-0 0.55 . . 105
Class-1 . . . 120

avg / total . . . 225

R
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(10) BB BT A MNABHE A B 73 264 -
print "#"*30
print "\nClassification report on test dataset\n"

print classification_report (y_test, y_test_pred, target_names=target_names)
print "#"*30 + "\n"

(11) B4R, AT AFEA AT T A E 2R 3-5 s il 45

D S

Classification report on test dataset

precision recall fl-score support

Class-0 . 0.96 . )
Class-1 . . . 30

avg / total . 0.65 . 75

B
K 3-5

MR TR 1 P R AT LUR Y, S50T7 RS8R I B B 1Y, 2 i RN
BRI A LM 230 . FRATICHE I — 25 ] DAy B P AP AIEOI s 58 58 B2k, R 2%
AR LA 2 2k 3 B X A A

3.3 A SVMEIFL Mo Aes

SVM Ry 7 AR LM A3 g BAIE TR 25800, 75 2 AN R OAZ pRBCEE ST AR E 202888 . i T Al
PR UL, B EPAE O, AR R IR BRI 1 th 2 A, BERT DU 20X R g, T L
I m £ pR%X ( Radial Basis Function, RBF ),
JEZ A

(1) XFFEE—FEO, TR — 20U R B S ALt 2 o 1EFIRE Y Python XA
R T mAIA

params = {'kernel': 'linear'}
A4 AR T A CR «
params = {'kernel': 'poly', 'degree': 3}

BORFR AT T — A =R AT AR T7 iU, it ar Lk 2 B2 i
B, Mg, TIREIGREAES A, POATHRSREE TR,
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(2) s, ATLAE EAnE3-6 i n B EIE

[ XOX ) Figure 2

Training dataset

»o0+

&a

E 3-6
(3) I AT LIFEAR 24T T H A A B WK 3-7TH 7R B 2t

R

Classifier performance on training dataset

precision recall fl-score support

Class-0 . . . 105
Class-1 . . . 120

avg / total . . . 225

HHAH R

Bl 37
(4) FATIE AT LUTAR [ 3 pR B 7 AR LM 268 o TEIRIREAYPython ST 8 2R TR AUAS «
params = {'kernel': 'poly', 'degree': 3}
R R
params = {'kernel': 'rbf'}

(5) s, ATLAE BN 3-8 R i EE .



R
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[ XoX ] Figure 2

Training dataset

200+ 8@

K 3-8
(6) IV LIAEA 24T T H A E BN E 3-9 R 953 254 o

b

Classifier performance on training dataset

precision recall fl-score support

Class-0 0.95 0.98 0.97 105
Class-1 0.98 0.96 0.97 120

avg / total 0.97 0.97 0.97 225

e

K 3-9

3.4 MRRLBBEAN TR

FIHATA L, FA b BRAY (R REHER S A 28 R A s a8 LU RO O, (HUR AR LS AR
t, BATATTREERER IR BIX 2 BB . AT, Ho— 2SR EdE A 80 T RE LA 2R Y
ZIRZ, TERXFANTE T UNGRI 2K A 2 o 1A 2 B s B B he e, TR A2
RYR R B 220 R . NI, 5 BRI BRI R 22 51, JFREINETRR, A BEfRUE AR
AT o

E2ii b

(1) Sz ds .
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input_file = 'data_multivar_imbalance.txt'
X, y = utilities.load_data (input_file)

(2) FE TR MA X SRt . HcdiE nT Ak A RS AT T 1 e B AT AR s AR TR, AT LA
%7 svm_imbalance.py I GIEACHS . 24005, W LIE BN E3-1081m 1 EDTE .

®0e Figure 1

Input data

K 3-10

(3) T HENERZ pRBUE L — S SVMIT A, AU AT &1 AU e Al e o s 4710,
LA B 3-11FR I EDE o

®0e Figure 2

Training dataset

200+« 8@

K 3-11
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(4) PR RES AR ABAT IR T o HSR 7 RAr A REIX 7 PIFPZE AL, T2 Class-0
AERTE 0%, AT LATEAR 4T THAE BN 3- 1287 70 2l i

R

Classification report on test dataset

precision recall fl-score support

Class-0 . . . 42
Class-1 . . . 258

avg / total . . . 300

Koo3-12
MEB- 120 AT LIEH, class- 0 Z0%,
(5) FRATLRLEAS R YX A AL, AEPython SCAFH 8 2 T T A CHS -

params = {'kernel': 'linear'}
A AR
params {'kernel': 'linear', 'class_weight': 'auto'}

%ﬁclass_weightEél{/lfﬁﬁi%%ﬂ“z:ﬁ%ﬂﬁﬁ/ﬁ%ﬁi, VHEALEE, L 2RAUASE A ] A
SO P ISAAUR

—

(6) IS, ] LIFERNE3-13 R ER .

[ o ) Figure 3

Test dataset

°00+ |« B BE

K 3-13
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(7) AT LMEA AT THAE BN EB-14877R 19 732640

B
Classification report on test dataset
precision recall fl-score support

Class-0 . . . 42
Class-1 . . . 258

avg / total . . . 300

R

& 3-14
ME3-14FT LIBEF], class-0METTEARZ0% T -

35 IEHEEE

TR BENE H O A B R T 0 2R B B, ISR E A . S— A3 EdE S w2k
hEE AT, FRATAT LI GRS VM. H iy R A BAE BE
EZEI A

(1) EE T AZFsvm_confidence.py X H UIEACHS , X B HAER.O . B, & XL
T AL -

# MEHREESLRGESD
input_datapoints = np.array ([[2, 1.5], [8, 9], [4.8, 5.2], [4, 41, [2.5, 7], [7.6, 271,
[5.4, 5.911)

(2) e e 5 B 5 A B -

print "\nDistance from the boundary:"
for 1 in input_datapoints:
print i, '-->', classifier.decision_function (i) [0]

(3) AT LAFEAr AT LR AR BN 3-15 R i 45

Distance from the boundary:
1.5] --> 0.92489688282
9.] --> 0.642239002462
5.2] --> -2.03541766793

4.] --> -0.07623172175

7. 1 --> 0.734559329252
2. ] --> 1.09824378145
5.9] --> -1.21145495531

K 3-15
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(4) BL PR AR T S THEE AE R, R EIEANRRMER M R TRAT 1426
ar B AN R BRI A 2R N TR AR, TP (Platt scaling ).
R 3R L — R AN [ 2 1) ) g A i OB 38 B B 5 125 o 32 M) LA Jd il http://fastml.comy/
classifier-calibration-with-platts-scaling-and-isotonic-regression i U FE 27 ST LR 5 HH AN 25 . T T2k

2 MRS R U ZRSVM

# MEEHLE
params = {'kernel':

'rbf', 'probability': True}

classifier = SVC(**params)

Z ¥ probability ] THHURSVMII G R E 8 AR

(5) Mkt

classifier.fit (X_train, y_train)

(6) T3 AR R A B

print "\nConfidence

measure:"

for i in input_datapoints:

print i, '-->"',

classifier.predict_proba (i) [0]

predict_proba PR T EE{H.

(7) T LAFEA AT T H P B F AN 3-16 R 45 5

Confidence measure:
[ 2. 1.5] --> [ 0.05126939 0.94873061]
[ 8. 9.] --> [ 0.11146888 ©0.88853112]
[ 4.8 5.2] --> [ 0.99728099 0.00271901]
[ 4. 4.7 --> [ 0.51684952 0.48315048]
[ 2. 7. ] -—> [ 0.08697132 0.91302868]
[L7. 2. ] --> [ 0.03124531 0.96875469]
[5. 5.9] --> [ 0.96844526 0.03155474]
Kl 3-16
(8) FAEALIE A SRR
utilities.plot_classifier(classifier, input_datapoints, [0]*len (input_datapoints),

'Input datapoints',

'True')

) B, ATLE BN E3- 17 M ETE .
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[ JoX ) Figure 1

(5.4,5.9)

foOo+ B@E

E 3-17

3.6 FHRMESH

B BRI, BSEO ISR TERE 2R B AT RATE B W7 SVMAR UL Y
HEEL

FRLR

(1) B AT LAZHperform_grid_search.py U FIRACAS , 33X HL AR 008853 . ik LRl
HIT 0k 8 SCIRAIE . INERSE s, IFH R o N 8ds AR B R AE Z J5 , ml Se b
AT GRS :

R  Eon st &

parameter_grid = [ {'kernel': ['linear'], 'C': [1, 10, 50, 6001},
{'kernel': ['poly'], 'degree': [2, 3]},
{'kernel': ['rbf'], 'gamma': [0.01, 0.001], 'C': [1, 10, 50, 6001},
1
27\ Fr S—t
(2) 78 SR EAE I HE b5 -
metrics = ['precision', 'recall_weighted']

(3) FHITFU RIS R S AL

for metric in metrics:
print "\n#### Searching optimal hyperparameters for", metric

B R#tXE 5 lindorl(2948899818@qq.com) E= BERRN
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classifier = grid_search.GridSearchCV (svm.SVC(C=1),
parameter_grid, cv=5, scoring=metric)
classifier.fit (X_train, y_train)

(4) BHEIRAIND

print "\nScores across the parameter grid:"
for params, avg_score, _ in classifier.grid_scores_:
print params, '-->', round(avg_score, 3)

(5) FTEN BT OB KL

print "\nHighest scoring parameter set:", classifier.best_params_

(6) AT, ATLATEA 4T TH A B0 K 3- 18R R 2521

#### Searching optimal hyperparameters for precision

Scores across the parameter grid:
{'kerne 'C': 1} --> 0.676
{"kerne ¥ : 10} --> 0.676
{'kerne ', 'C': 50} --> 0.676
{'kerne i ', 'C': 600} --> 0.676
{'kerne ', 'degree': 2} --> 0.872
{'kerne’ 'degree': 3} --> 0.872
{'kerne 'C': 1, 'gamma': 0.01} --> 0.98
{'kerne : 1, 'gamma': 0.001} --> 0.533
: 10, 'gamma': 0.01} --> 0.983
: 10, 'gamma': 0.001} --> 0.543
': 50, 'gamma': 0.01} --> 0.959
': 50, 'gamma': 0.001} --> 0.806
': 600, 'gamma': 0.01} --> 0.967
{'kernel': 'rbf', 'C': 600, 'gamma': 0.001} --> 0.983

Highest scoring parameter set: {'kernel': 'rbf', 'C': 10, 'gamma': 0.01}

K 3-18

(7) NEI3-18 T LR H, REREE RS T A i S5 EXARGT, BSEENE. C
{H Al gammaly 2Ry, BIALK 222K AR RI S EN A SR I REAESEL 2 FRTEIMNABR AR -
AR

y_true, y_pred = y_test, classifier.predict (X_test)

print "\nFull performance report:\n"
print classification_report (y_true, y_pred)

(8) AT, ATLATEA 4T T BN A0E3- 19 7R Y2521

Full performance report:
precision recall fl-score support
0.0 . . . 45
1.0 . . . 30

avg / total . . . 75
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3.7 BIAEHTUNET

FET R 2E B HH T A o B A Il FRAT TR ST — AN S VMR Bl — R KA Hh
I TAYNER . 2B AE 1T LLFE https://archive.ics.uci.edu/ml/datasets/Callt2+Building+People+Counts
B, FRATRE X s S RS AR, LA Al o0 ik A o 98 R 9 BHiE 4R A7 U FE building_event
binary.txt3C{Fflbuilding_event multiclass.txt3C{4H

3.71 HEIE

TEHFANT AR Z 1, TR/ E B E PR, building event binary.txt L {F ) E—FTHBH 641~E 5
DE TR R X6 HRAHEF IR .

o &

Q =

Q AffE]

Q BRI AL

R VNN PN

Q 2EAES

HIS/N AT B i A, FRATTAO AR 55 2 Tl R 2 A 23 A 716 30

building_event_multiclass.txt LA B—1 TH 6112 53 HI B FEAF R A . 3K Es 4k LE AT
R4, SRR TR AT IR ST, X6 EF R R AT

O £

Q H#

Q i [E]

Q BT REER AEL

Q kAR AL
Q G2

RS AF BRI AR, FATTRE 55 RPN R 28 7 A A0 30

3.7.2 FHELE
(1) B2 1T LA 2 Fevent.py LU HOTEARED . BIEE— 1 Python Ui, SRIGHIA T I AIACHD
import numpy as np

from sklearn import preprocessing
from sklearn.svm import SVC
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63

input_file = 'building_event_binary.txt'

# TRBUBAE
X =[]
count = 0
with open (input_file, 'r') as f:
for line in f.readlines():
data = line[:-1]1.split(',")
X.append([data[0]] + datal2:])

X = np.array (X)

FeA HEAE AR A
(2) T HHRREFAT A U e B A% 5

AR

label_encoder = []

X_encoded = np.empty (X.shape)

for i,item in enumerate (X[0]):
if item.isdigit () :

X_encoded[:, il = X[:, il
else:
label_encoder.append (preprocessing.LabelEncoder ())
X_encoded[:, 1] = label_encoder[-1].fit_transform(X[:, 1])
X = X_encoded[:, :-1].astype(int)
v = X_encoded[:, -1].astype(int)

(3) R MR R . AR A NS I ZRSVMAr 254 «

# HEZSVMEER

params = {'kernel': 'rbf', 'probability': True, 'class_weight': 'auto'}
classifier = SVC(**params)

classifier.fit (X, v)

(4) BRI AT LA T A8 SR 1

# X LEEE
from sklearn import cross_validation

accuracy = cross_validation.cross_val_score(classifier,

X, vy, scoring='accuracy',6 cv=3)
print "Accuracy of the classifier: " + str(round(l00*accuracy.mean(), 2))

(5) FI—D BB sAS VM :

# AR — AR T ) BT 4 AW K

input_data = ['Tuesday', '12:30:00','21"','23"']
input_data_encoded = [-1] * len(input_data)
count = 0

for i,item in enumerate (input_data) :
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if item.isdigit():

input_data_encoded[i] = int (input_datalil])

else:
input_data_encoded[i] = int (label_encoder[count].transform(input_datalil))
count = count + 1

input_data_encoded = np.array (input_data_encoded)

$ AR AR ETAN AT P R
output_class = classifier.predict (input_data_encoded)
print "Output class:", label_encoder[-1].inverse_transform(output_class) [0]

(6) BT, LR AT T HHP ARSI 45 R .

Accuracy of the classifier: 89.88%
Output class: event

(7) W2 Fbuilding_event_multiclass. txt XA building_event_binary. txt SCEVE A A BdE SC
1, TR AT THP BRI 58 .

Accuracy of the classifier: 65.9%
Output class: eventA

3.8 MEXBERE

AR A SR T S5 i SVM— AR T o 72 E— 1 B AT TR SVMAE S — A4~ 26
fr, N HEPREEAE g — AN [ AR A S i

3.8.1 HEIIE

FATHe ZLAd T Y Kl 5 T L) 7E https://archive.ics.uci.edu/ml/datasets/Dodgers+Loop+Sensor [
o XMEIREGT TIBZUIEAFEERBN (Los Angeles Dodgers ) #4737 W3RN, (AF
T BRI 9 HTRCRE 7RO Etraffic. data.txCCPFA L A1 A I 2 4R RO 7 ER A
LIRS

o 2

Q Afa

Q X FBRBA

0 PRERIE S 7 IEAEAREE

Q AR A R R

3.8.2 FHLE
(1) FTHEBUTESZ.SVMEIEEE . KT LS % traffic.py K TR . B E#E—1Python



N
u}

3.8 fFARARET 65

SCF, SRR A -
# RSV K B8 SRR E

import numpy as np
from sklearn import preprocessing
from sklearn.svm import SVR

input_file = 'traffic_data.txt'

# IRRUBAE
X =[]
count = 0
with open (input_file, 'r') as f:
for line in f.readlines():
data = line[:-1]1.split(',")
X.append (data)

X = np.array (X)

FeA HEAE AR A
(2) X E G TR -

AT B AR

label_encoder = []

X_encoded = np.empty (X.shape)

for i,item in enumerate (X[0]):
if item.isdigit():

X_encoded[:, 1] = X[:, 1]
else:
label_encoder.append (preprocessing.LabelEncoder ())
X_encoded[:, 1] = label_encoder[-1].fit_transform(X[:, 1])
X = X_encoded[:, :-1].astype(int)
v = X_encoded[:, -1].astype(int)
(3) TR ) B R AL BT IF U RS VMIAT I 5 -
# 3 FZSVR
params = {'kernel': 'rbf', 'C': 10.0, 'epsilon': 0.2}

regressor = SVR(**params)
regressor.fit (X, vy)

TE L THRARSH, SHcHtE TR RIS, S8epsilonfiE T AT A PR o
(4) HIZE SR UEA A £ [m] 5 27 A PERE -

# R XEE
import sklearn.metrics as sm

y_pred = regressor.predict (X)
print "Mean absolute error =", round(sm.mean_absolute_error(y, y_pred), 2)
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(5) FE— el i LA T I

# xR — AT ) B AT 4 AL X,

input_data = ['Tuesday', '13:35', 'San Francisco',6 'ves']
input_data_encoded = [-1] * len(input_data)
count = 0

for i,item in enumerate (input_data) :
if item.isdigit():

input_data_encoded[i] = int (input_datalil])

else:
input_data_encoded[i] = int (label_encoder[count].transform(input_datalil))
count = count + 1

input_data_encoded = np.array (input_data_encoded)

OB AT AL R
print "Predicted traffic:", int (regressor.predict (input_data_encoded) [0])

(6) IBATAES, AT A 4T TR B BILUTF 4528

Mean absolute error = 4.08
Predicted traffic: 29



ik — 3, el DAL T A

O Hk-means 5 R 285 dE

O Hia &AL (vector quantization ) JEZEE A

Q 7 ¥EER ( Mean Shift ) A

Q HEERIZREZS (agglomerative clustering ) #4743 /74H
Q WM RERIENRIERCR

O HIDBSCANSE H sl A e i Al

O REREBEEERE R

Q EL K P AR

41 &N

Tl B 5 S0 — MO SR C R B S A LS 213 BIE AT IR, FRATAE %L
PRl A R AL A BARie, WL, 52~ 0K al LIARYEARICE B Sl , IR 8diedt 7028,
B, 7ETCHRE =T B, FRATBAT IR 25 T o 24 ] —LEAR UM b Edi de kA 7
SYERE, WL IEIX R T

B WA TC MR 2 S R B, AR — XX AR R T . YT B TC A IC R 4
JURMERERT, SREHIE R o X SR AR SRR DR Rt 7400 40, ol an R CG iR 2
( Euclidean distance ). JCME > 12 N TAFPGIR, WEERIZH . BE2eig . T air.
THEAE . T4

4.2 H k-means B EBHRHIE
k-meansE L R IR TR R IA 2 — o XA H H A FAEHE R A RS MR AZE R

Rk o R P AR SEIRY ,  RILEA5 20 P A B s 2 o i B R BT Rl s
A6 o 0 SRR X k-means 5.3 AN K T i, W] LLFE http://www.onmyphd.com/?p=k-means.clustering&
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ckattempt=1 _[-2%>]

E24i b

(1) AT B 52 B 2 i Ekmeans.py SCHAH . FRATTSEBIE— B I Python SCF, #RIESA
THMET:

import numpy as np

import matplotlib.pyplot as plt
from sklearn import metrics

from sklearn.cluster import KMeans

import utilities
(2) fnzc ABE, SRIEE AR AR . FRATI T data_multivar.txt 40 SC1F

data = utilities.load_data('data_multivar.txt')
num_clusters = 4

(3) FMTH EBE B M AL R ARETHY . AkEE Python TR R AT A AUAS :

plt.figure()

plt.scatter(datal:,0], datal:,1], marker='o',
facecolors='none', edgecolors='k', s=30)

x_min, x_max = min(datal[:, 0]) - 1, max(datal[:, 0])

_min, y_max = min(datal:, 1]) - 1, max(datal:, 11)

plt.title('Input data')

plt.xlim(x_min, X_max)

plt.ylim(y_min, y_max)

plt.xticks(())

plt.yticks(())

AT, LB RIANE4-1 R T .

06 Figure 1 "

200+ =@

B 4-1
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(4) BAERT LIRS T Semtnfb— A k-meansXi %, SRIRUIZRE .

kmeans = KMeans (init='k-means++', n_clusters=num_clusters, n_init=10)
kmeans. fit (data)

(5) BRI )E, FATHETHA T, 4kEEm Python ST H AR T 40D «

# R EREHIENT K
step_size = 0.01

# @B AR
x_min, x_max = min(datal:, 0]) - 1, max(datal:, 0]) + 1
y_min, y_max = min(datal:, 1]) - 1, max(datal:, 1]) + 1

x_values, y_values = np.meshgrid(np.arange (x_min, x_max, step_size), np.arange(y_min,
y_max, step_size))

# FR A A& F TR AR b A AR

predicted_labels = kmeans.predict (np.c_[x_values.ravel(), y_values.ravel()])

(6) FATTC &3m0 i) RS B PEAL AR . 45 P ORI g AR I ok, B AN AL R

# PR

predicted_labels = predicted_labels.reshape (x_values.shape)

plt.figure()

plt.clf()

plt.imshow(predicted_labels, interpolation='nearest',
extent=(x_values.min(), x_values.max (), y_values.min(), y_values.max()),
cmap=plt.cm.Paired,
aspect='auto', origin='lower"')

plt.scatter(datal:,0], datal:,1], marker='o"',
facecolors='none', edgecolors='k', s=30)

(7) PO R TEEE L

centroids = kmeans.cluster_centers_

plt.scatter(centroids[:,0], centroids[:,1], marker='o', s=200, linewidths=3,
color='k', zorder=10, facecolors='black")

x_min, x_max = min(datal:, 0]) - 1, max(datal:, 0]) + 1

y_min, y_max = min(datal:, 1]) - 1, max(datal:, 1]) + 1

plt.title('Centoids and boundaries obtained using KMeans')
plt.xlim(x_min, x_max)

plt.ylim(y_min, y_max)

plt.xticks(())

plt.yticks(())

plt.show()

AT, AT LR BN 4-2 R B EDE o
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2/ojo+“ 8@

43 RRESEWEHEER

k-means R W F LN HZ —iEREEMN . AU, RERMHE “PI&HA” (rounding
off ) MINYERRAS . FEACIREL 755 — BRI, S HVOE A AFRB DAz m], filin, R HiE
BOREERM B AL INEL, TR A S B HEEAEA#23.73473572, 23,7300 . IR S0/ NEGR 3
H BN L HHA 24, X TIRATH BT K

[FIEE, P AR MESHE BINGERE Iy, U TR AR, R

WIRZ , HRAT LLFEhttp://www.data-compression.com/vq.shtml 22 3 R L N 25 . Kbl 12
TR s, AT RGBS D0 LR BOR At B MR 3R, AT SE IR IR f s

RSB

(1) ARF R 523 A0S B & it fE vector_quantization.py X/ . TG G E U SZHK) . Bk
TS AN—BRR P, ) —ASH i Python U, ARG AT RS .

import argparse

import numpy as np

from scipy import misc

from sklearn import cluster
import matplotlib.pyplot as plt
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(2) Bl eR%k, PR ASE AT EIE R AEAMEE PR 1 ARG it &
YE R ASEL
def build_arg_parser():

parser = argparse.ArgumentParser (description='Compress the input image \
using clustering')

parser.add_argument ("--input-file", dest="input_file", required=True,
help="Input image")
parser.add_argument ("--num-bits", dest="num_bits", required=False,

type=int, help="Number of bits used to represent each pixel")
return parser

(3) FRIE—A e %, JRIEGRMARIE

def compress_image(img, num_clusters) :
OFEANIE A SR (BAZ, HiE®) #4, A& ffk-meansK L H i+
X = img.reshape( (-1, 1))

# A IBiEffk-meansk £

kmeans = cluster.KMeans (n_clusters=num_clusters, n_init=4, random_state=5)
kmeans.fit (X)

centroids = kmeans.cluster_centers_.squeeze /()

labels = kmeans.labels_

N EANBAEREBCRLAT A, FHETHRAGHR

input_image_compressed = np.choose(labels, centroids) .reshape (img.shape)

return input_image_compressed
@) BB R 2, RIATHEER R4 TER B BiE A5, 1 e SCIE & pREL:

def plot_image(img, title):
vmin = img.min ()
vmax = img.max ()
plt.figure()
plt.title(title)
plt.imshow(img, cmap=plt.cm.gray, vmin=vmin, vmax=vmax)

(5)?kﬂ]iLTAElé§4£€%ﬁ?Eﬁ¥§ﬁﬁ BT, FHEENLFE R main, A LIHLH A SEUEHEEIT
ATACER, SR )5 I A

if _ _name_ =='__main__':
args = build_arg_parser () .parse_args()
input_file = args.input_file
num_bits = args.num_bits

if not 1 <= num_bits <= 8:
raise TypeError ('Number of bits should be between 1 and 8')

num_clusters = np.power (2, num_bits)

# AT ERE



72 H4% RBEFI rE
compression_rate = round (100 * (8.0 - args.num_bits) / 8.0, 2)
print "\nThe size of the image will be reduced by a factor of", 8.0/args.num_bits
print "\nCompression rate = " + str(compression_rate) + "%"
A
(6) In#EEm A KA
# mBIANE AR

input_image = misc.imread(input_file, True) .astype (np.uint8)

# B TRIEEAR

plot_image (input_image, 'Original image')

(7) HIE A RIS BORAE

# E4EE A

input_image_compressed = compress_image (input_image, num_clusters)

plot_image (input_image_compressed, 'Compressed image; compression rate =
+ str(compression_rate) + '%')

plt.show()
(®) MAEFRAN T C AL ERLF 1o a7 LR T TS :
$ python vector_quantization.py --input-file flower_image.jpg --num-bits 4

AR R anE4-30 78

@ @® Figure 1
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[ I ] Figure 2

Compressed image; compression rate = 50.0%

poo+ 8@

K 4-4
(9) FAHEF MR R ARG LURREE 212, BRI o R AT THAE T T i a4

$ python vector_quantization.py --input-file flower_image.jpg --num-bits 2

A LA B 45 i R & 4-5 R

[ JON ) Figure 2

Compressed image; compression rate = 75.0%
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°00+ |« 8@

H 45

(10) AR AE MR R B 48 HoRe B 201, T LA 3 2 R e RS ry — kRl ER . 1217
TR
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$ python vector_quantization.py --input-file flower_image.jpg --num-bits 1
B R 4a 3R i 4-6 7 o

[ ] D Figure 2

Compressed image; compression rate = 87.5%

200 IR

400

4.4 BIAMEZRHRAEIRE

PMEFER e — AR R M 2 Bk, TR S 2R S o A B A
JEMER 2 PR ( probability-density function ), 7y BEZERFEZS [0] AR 4 PRI A0 R 3R H B0 o5
By “BExX” (mode ), x8e “BizU” WXt F—HERE R %4 (local maxima ) 437 B9 5. H{E
RS AL LS e B AN B S e R S

A — AL, FRATEAEANAE S TR 2 DER SO TR B e HEER AL
DI L 55 R AR AT B3R5 pR B AR AS . T R SO B s B, IR A e D L TR
P S PRI o T2 AR N — AL T iR, BB ST45 NI . /R 7T LATE hitp://homepages.inf.
ed.ac.uk/rbf/CVonline/LOCAL COPIES/TUZEL 1/MeanShift.pdfrf12# > S LA N 25

E2ii B
(D) ARG 5E A C 2 Emean_shift.py SCIFH o FATE R B2 ISR . Hoeldg—
HraPython 3L, AR5 S A—LLT LI BRI R4«

import numpy as np
from sklearn.cluster import MeanShift, estimate_bandwidth

import utilities
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75

(2) Mdata_multivar.txt 3CFH R A ZE :
#AEI AN A e R AR

X = utilities.load_data('data_multivar.txt')
(3) TR E A SER A PR .

# EFEAHbandwidth
bandwidth = estimate_bandwidth (X, quantile=0.1, n_samples=len (X))

# FMeanShiftit A R £

meanshift_estimator = MeanShift (bandwidth=bandwidth, bin_seeding=True)
(4) VI ZRpe il .

meanshift_estimator.fit (X)

(5) PRI :

labels = meanshift_estimator.labels_

(6) BRI PR SR U IERY i, SRJSFTENER IR A

centroids = meanshift_estimator.cluster_centers_
num_clusters = len(np.unique(labels))

print "Number of clusters in input data =", num_clusters
(7) AR AL

# B BELEFRE T
import matplotlib.pyplot as plt
from itertools import cycle

plt.figure()

# A EAY 2R B TR 69470

markers = '.*xv'
(8) B s I B AT :

for i, marker in zip(range (num_clusters), markers):
# @k AT EAMNEHF PR

plt.scatter (X[labels==1i, 0], X[labels==1i, 1], marker=marker, color='k")

# BREHPS

centroid = centroids[i]

plt.plot (centroid[0], centroid[l], marker='o', markerfacecolor='k',
markeredgecolor='k', markersize=15)

plt.title('Clusters and their centroids')
plt.show()

9) B, ATLAE BN 4-7 R R EDE .
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[ XoN ) Figure 1
. Clusters and their centroids
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4.5 HEREEXBAFITHIESH

N REERIZRBRZ T, AT EEPMZ RS (hierarchical clustering ), BIREHZE
— IR, SIS A B A TR EERRREERE ( tree-like clusters ), JEUK R L5
AT LA — B 20K

JBRBIE TR A W ER, Wl A BN, B AS XW? 7EA R R
Ak, R SRR AR R AR X SRSERE AW A I, BRI SRS I
W—ERER, XYUPCVRBRRELE. SZHRME, H L FERIFEEEN—TERE
LRI, AW R, BT P SEREAS B —A Sl A 28 i o R AT LAZEhttp:/nlp.stanford.edu/
IR-book/html/htmledition/hierarchical-agglomerative-clustering-1.html=%= > T 22 PN 25,

RSB

(1) AFIHSEREARILER L iU FE agglomerative.py XA o LEFRATE B E UM SEIAY . Bk
DT HIPython SCIF, SR S A — L5 B B L

import numpy as np

import matplotlib.pyplot as plt

from sklearn.cluster import AgglomerativeClustering
from sklearn.neighbors import kneighbors_graph

(2) 7E L— L BUBER IR RIS pRAL
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def perform_clustering (X, connectivity, title, num_clusters=3, linkage='ward'):
plt.figure()
model = AgglomerativeClustering (linkage=1linkage,
connectivity=connectivity, n_clusters=num_clusters)
model.fit (X)

) FEBIRIL, ARIFTREAFERELEEIE Pihric:

# RIARIT
labels = model.labels_

# NEA B RERR HIRL

markers = '.vx'
(4) HEAREE, ARG R s m e EE

for i, marker in zip(range (num_clusters), markers):
# 3BT RS0 B A
plt.scatter (X[labels==1, 0], X[labels==i, 1], s=50,
marker=marker, color='k', facecolors='none')

plt.title(title)

(5) A THUREERIZWERERMIH, FAVTEN — 223 1] g e —i . [Pt AEE
PR R TIRAE o TN 1A B S AE — L AR ] LSRN — 28, AN AR 2S [8] AR 4T Y A
B —2 THE L—> BREOR I — 2 5 BRI A B a5 -

def get_spiral(t, noise_amplitude=0.5):

r =t

X = r * np.cos(t)
y = r * np.sin(t)

return add_noise(x, y, noise_amplitude)
(6) TE LA pRE T, FRATHGIN 7 —LEBERS | KA XREART D — SRR e M. T X
M PR

def add_noise(x, vy, amplitude):
X = np.concatenate((x, vy))
X += amplitude * np.random.randn (2, X.shape[l])
return X.T

(7) FAT T P2 L —A> BRECR AR T B ih 26 _L A9 %58 55 (rose curve, UFR Arhodonea curve,
AR AR HR A TE 5% M 2R ):

def get_rose(t, noise_amplitude=0.02):

REHRAEFTAL; R EBRRFHK, RAHRAKKRER; WwRk21BK, 2R 2KKLM
=5

= np.cos(k*t) +
= r * np.cos(t)
= r * np.sin(t)

0.25

MOX RO/ #E

return add_noise(x, y, noise_amplitude)
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(8) M T HEIMZREN:, FATTHE X —"hypotrochoidph%l:

def get_hypotrochoid(t, noise_amplitude=0) :
a, b, h =10.0, 2.0, 4.0
x = (a - b) * np.cos(t) + h * np.cos((a - b) / b * t)
v = (a - b) * np.sin(t) - h * np.sin((a - b) / b * t)

return add_noise(x, y, 0)
(9) BAETT LUE L FE Rfmain T :

if _ name_ =='__main__ ':
# AR AR
n_samples = 500
np.random.seed (2)
t =2.5 * np.pi * (1 + 2 * np.random.rand(1l, n_samples))

X = get_spiral (t)

#NE SR AR 09 B R R AR
connectivity = None
perform_clustering (X, connectivity, 'No connectivity"')

# OARE R AR R AR RANIE L B0 B
connectivity = kneighbors_graph (X, 10, include_self=False)
perform_clustering (X, connectivity, 'K-Neighbors connectivity')

plt.show()

(10) iBF7AS, T LA 21 anf&l4-8 s BIEIE (A RMEATEEHRAHIE ).

000 Figure 1. ——

pojo+ 8@

& 4-8
(11) 7] LIBE a0 4-9Fr s K L (4 B434E ),

ERt#tXLRA lindorl(2948899818@qq.com) = EERMY
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®0e Figure 2
. K-Neighbors cc tivity
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MIEI4-8FEI4-9 P AT LI Y, (B AT LA EFRA HE e — R a0 B Sl —4, iR
FEFE e IR ERAL B HE T RIS,

4.6 TNRBREANRISIR

FIHATCMIE, IRAMTELNG TIFMEEE D, HBAE RIS NI RERER . g2,
] LU E 5 JE IR E I T LB TR R HERf e, (B, FE OB A0, RATEEN A
kg, B, w5 E—Rh R R ER R I

JE i B BIE I — N e SRR B B . XS AE R AN R AR S
B —AERE A RS EAE R IS R  TRERLE — R bR X R E, TR, FRAT
FKH— MR B R B ( Silhouette Coefficient ) 157 BUTEFR . 124502 A UE LAY,
TEREXT

95 = (x — y) / max(x, y)

o, ) FRTENR] — AR AR a5 5 AR AT P B , y 2R R s S filt
(9 73— DA A PR

E2iiik

(D) Al e A C 2 Eperformance. py U . FATEF E 2 WA LB . # et —
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ASBTEIPython 3, ARG S A—SETE BRI 6L -

import numpy as np

import matplotlib.pyplot as plt
from sklearn import metrics

from sklearn.cluster import KMeans

import utilities

(2) Mdata_perf.txt ST HHom A A £ :

# B AR
data = utilities.load_data('data_perf.txt"')

() N T EE R R R RO, FATEN—RIIME, R

scores = []
range_values = np.arange(2, 10)

for 1 in range_values:
# DAL
kmeans = KMeans (init='k-means++', n_clusters=1i, n_init=10)
kmeans. fit (data)
score = metrics.silhouette_score(data, kmeans.labels_,
metric='euclidean', sample_size=1len (data))

print "\nNumber of clusters =", i
print "Silhouette score =", score

scores.append (score)

(4) I P45 H D £

# B EHA

plt.figure()

plt.bar (range_values, scores, width=0.6, color='k', align='center')
plt.title('Silhouette score vs number of clusters')

# 3l R

plt.figure()

plt.scatter(datal:,0], datal:,1], color='k', s=30, marker='o', facecolors='none')
x_min, x_max = min(datal:, 0]) - 1, max(datal[:, 0]) + 1

y_min, y_max = min(datal:, 1]) - 1, max(datal:, 1]) + 1

plt.title('Input data')
plt.xlim(x_min, x_max)
plt.ylim(y_min, y_max)
plt.xticks(())
plt.yticks(())

plt.show()

(5) BATICHS, TTLAEA AT T A B ANE4- 10575 125 L
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Number of clusters = 2
Silhouette score = 0.529039717547

Number of clusters = 3
Silhouette score = 0.557246639118

Number of clusters = 4
Silhouette score = 0.583275751783

Number of clusters = 5
Silhouette score = 0.658279690976

Number of clusters = 6

Silhouette score = 0.582358411948

Number of clusters = 7
Silhouette score = 0.528610740989

Number of clusters = 8
Silhouette score = 0.459759448983

Number of clusters = 9
Silhouette score = 0.415953573837

(6) B 2T anE 4-11 5178 o

[ XON ) Figure 1

Silhouette score vs number of clusters

OO+« B @

Ko 4-11
(7) NIE4- 11T I, SRR RIBCE, U SEPREE i 4-12017R
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[ NoN ] Figure 2
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AU P 4-12 0 UL A A KIS S P LA SR . FRATT USRI T — D S A RIS AR Y
INEHEGE AT o T B R OISR ISR A TT I, WPIRE 6 5 AR By T IR ) e e R R
TR EAR A

4.7 Fi DBSCAN ExEmfhE&EHH=E

I Fk-meansH 1L MG, DAHUERECE E— M A S TEESSH R, FRATHSTF
ANHEEXME B o TR RERER S EES 0], 8 e RS iR B R SE R, HiX
A EEFER A R . XMEE B — T DL B AR R AR B S 2 DBSCAN ( Density-
Based Spatial Clustering of Applications with Noise, 77 M YL TR RYRISH ) Miamik .

DBSCANK s 5 e B AR T4 . WA S E T ERE, IBANixA 152
S E TR —NMERE, ZEEEA— NepsilonZ 8, Al LTI A S 3 HAh S 8 RIEE
WARMWA SIS T 2 M epsilonl, EMTATRELE —DHERE T . R LITE
http://staffwww.itn.liu.se/~aidvi/courses/06/dm/Seminars2011/DBSCAN(4).pdf2# > T Z [l N 25 . 1 F
J7 ) BT IR T T DA S5 05 o QR — 28 S TR 5 X 35, DBSCANL AL 15
YER S8, TSR BT A— 1

E24i b

(1) ARG SEERACHS B L iltfEestimate_clusters.py X7 . HATEER B2 WMEHMA, B
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S IPython LI, SRJR A —LET BT MO RL T I
from itertools import cycle

import numpy as np

from sklearn.cluster import DBSCAN
from sklearn import metrics

import matplotlib.pyplot as plt

from utilities import load_data?2

(2) Mdata_perftxt3Cf iz A K g . XA E—F B E ST F—FE, XA RT LA B AT
[ AR SR X L P R 7725«

input_file = 'data_perf.txt'
X = load_data (input_file)

(3) BT BAR P A ROE S R Sehiin il —Les i

# FRFMAepsilon i

eps_grid = np.linspace (0.3, 1.2, num=10)
silhouette_scores = []

eps_best = eps_grid[0]
silhouette_score_max = -1

model_best = None

labels_best = None

(4) WRSHC=)

for eps in eps_grid:
# | Z4DBSCANKR £ A
model DBSCAN (eps=eps, min_samples=5).fit (X)

# RIARIT
labels = model.labels_

(5) YA, BATHTT ZHEBERESR AR -

# RIS
silhouette_score = round(metrics.silhouette_score (X, labels), 4)
silhouette_scores.append(silhouette_score)

print "Epsilon:", eps, " --> silhouette score:", silhouette_score
(6) AT EARAFFE bR B (A 20 FIOXT N [ epsilon A :

if silhouette_score > silhouette_score_max:
silhouette_score_max = silhouette_score
eps_best = eps
model_best = model
labels_best = labels
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(7) i HARTEE

# @EFEHA

plt.figure()
plt.bar (eps_grid, silhouette_scores, width=0.05, color='k', align='center')
plt.title('Silhouette score vs epsilon')

# AT R AR
print "\nBest epsilon =", eps_best

(8) EIRAL A BT FIFRIC IR AL -

# RSB B EE 5ARE
model = model_best
labels = labels_best

(9) A LB A BAT S B RE , BATFFESUNEA]:
¥ M EAFIR T XA 5 EE R A
offset = 0

if -1 in labels:
offset = 1

(10) SRR E I -

¥ BEFTHEBERE

num_clusters = len(set (labels)) - offset

print "\nEstimated number of clusters =", num_clusters
(11) FREUZ RS

# O] AR PR B S A A6 BR A KT

mask_core = np.zeros (labels.shape, dtype=np.bool)
mask_core[model.core_sample_indices_] = True

(12) B PR ERS R T L, B ERBUNREIPRICE S, RIE A ECAFRIPRIC .
# B EHLER

plt.figure()
labels_uniqg = set (labels)
markers = cycle('vo’s<>"')

(13) HIEAQEEEA SR A RS ST AR AR i I H Ok -

for cur_label, marker in zip(labels_uniqg, markers):
# OB BB AT R E ) RS
if cur_label == -1:
marker = '.'

# h SRR AT
cur_mask = (labels == cur_label)
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cur_data = X[cur_mask & mask_core]
plt.scatter(cur_datal:, 0], cur_datal:, 1], marker=marker,
edgecolors="'black', s=96, facecolors='none')

cur_data = X[cur_mask & ~mask_core]
plt.scatter(cur_datal:, 0], cur_datal:, 1], marker=marker,
edgecolors='black', s=32)

plt.title('Data separated into clusters')
plt.show()

(14) 1S, AT ATEAT 217 T E A A B N 4-13 R U251 .

silhouette
silhouette
silhouette
silhouette
silhouette
silhouette
silhouette
silhouette
silhouette
silhouette

Epsilon:
Epsilon:
Epsilon:
Epsilon:
Epsilon:
Epsilon:
Epsilon:

Epsilon:
Epsilon:
Epsilon:

—_—_—_ 000000000
N—=0WoNOU ~w
[ SIS B IO IE S IS IO IS S

Best epsilon =

Estimated number of clusters

K 4-13

(15) ZFIEEI K 4-147 75

[ ] ® Figure 1

Silhouette score vs epsilon
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(16) FHFZ O bR A A 23 e A0 B5cd o5 an Pl 4- 15 o

®0e Figure 2

Data sep d into clusters

K 4-15

4.8 REBRZHIEEX

EFRATE B W] e M B 2 ) AT B AR oA o (BRI D E A A B i A 2/ D3R
IR 75 B — AP SRE 3B B8 2 ( Affinity Propagation ) BHORERE, XMV LS H BHE P A4
AR ACRMEEE A, SHREVEAE SA AUPE B (B, R IT A B0 2R BSOS 7E i U MR
s, R ERAERS (exemplar ). B2 N2 1] 5% http://www.cs.columbia.edu/~delbert/docs/DDueck-
thesis_small.pdf,

ARG S BT RE I 18] N B ISR T 7 A, FRATTAY FAREARSE et 1 B sk th 22 RIA T A
AP

AL
(1) B A 523 05 B 2 fE stock_market.py SXHFH . TRATTE B EIE UM SEEAY . B et dE—
AR RIPython ST, SR A —LLT B B T .

import json
import datetime

import numpy as np

import matplotlib.pyplot as plt

from sklearn import covariance, cluster

from matplotlib.finance import quotes_historical_yahoo_ochl as quotes_yahoo
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Q) TATE— T IA RS LU R AR S, HARLE B 7Esymbol_map.jsonSCHA-H1
TN AN S

# AT R
symbol_file = 'symbol_map.json'

(3) AT WIS ST A S OB «

# e BT A &
with open (symbol_file, 'r') as f:
symbol_dict = json.loads(f.read())

symbols, names = np.array(list(symbol_dict.items())).T
(4) LEFRATHEE ST I ] B B TS AN B ] BV hyin A KSR B RS L s ]

# BRI L
start_date = datetime.datetime (2004, 4, 5)
end_date = datetime.datetime (2007, 6, 2)

(5) B A B EE -

quotes = [quotes_yahoo (symbol, start_date, end_date, asobject=True)
for symbol in symbols]

(6) HH TR 2T —SEAFAE AT, FRA T AR A TT RN ML A 19 2 S 0 B i -

# RIUIT & Al A A
opening_quotes = np.array ([quote.open for quote in quotes]) .astype (np.float)
closing_quotes = np.array ([quote.close for quote in quotes]) .astype (np.float)

# A B R E (kAN-TFAN)

delta_quotes = closing_quotes - opening_qguotes
(7) Exr— Py 22 R

# AAAXMTE I EBER

edge_model = covariance.GraphLassoCV ()
(8) FEfd FHEHE Z i Se Xt e A ThR ik .
# ORIEAT R

X = delta_qguotes.copy().T
X /= X.std(axis=0)

(9) FIB R Ay .

LAY 5
with np.errstate(invalid='ignore') :
edge_model.fit (X)

(10) TATIEC LAMER LRI 1

# RS SR AR

_, labels = cluster.affinity_propagation (edge_model.covariance_)
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e

num_labels = labels.max/()

# ATEPRELR
for 1 in range (num_labels + 1):
print "Cluster", i+l1l, "-->", ', '.join(names[labels == 1i])

AT, TR e 4T THRAE BIE4-16 R 4R o

1 --> ConocoPhillips, Chevron, Total, Valero Energy, Exxon

2 --> CVS, Walgreen

3 --> IBM, Cisco, Microsoft, Texas instruments, Ford, HP, Dell

4 --> Cablevision

5 --> Pfizer, Apple, Caterpillar, Canon, Boeing, Toyota, SAP, Honda, Mitsubishi, Sony, Mc Donalds
, Unilever, Wal-Mart
Cluster 6 --> Kimberly-Clark, Colgate-Palmolive, Procter Gamble
Cluster 7 --> Yahoo, Amazon

Cluster 8 --> American express, Wells Fargo, Navistar, Bank of America, Time Warner, Ryder, Kellogg, Home
Depot, AIG, Goldman Sachs, General Electrics, Marriott, Xerox, JPMorgan Chase, DuPont de Nemours, 3M, Co

mcast

Cluster 9 --> GlaxoSmithKline, Novartis, Sanofi-Aventis

Cluster 1@ --> Pepsi, Coca Cola

Cluster 11 --> Raytheon, Lookheed Martin, General Dynamics, Northrop Grumman

Cluster 12 --> Kraft Foods

K 4-16

4.9 BEIEFEASIRE

TCWTB 2 ) B 2N 2 — R T8 03 o BARAEBATTIT AT it AR B B A A
e, (R IIHAN I ARSI B SCE 2, AR ANTREAT LISCHEAS A RTS8 T i 7%t
JUEBOR L PEAFE L, BCIR SRS RS . R ARG BT AT O ERARE A o T HHE G R 2 > 1
M= S0 L, BRI,

FAPE S5 — T ERF MY E P $73838 , 2K Hhttps:/archive.ics.uci.edu/ml/datasets/Wholesale+

customers AT /AT . BAn R AL E TSR b B B R0E, HAREREIEARERE,
T A %6 P 4 Bt DG B B 5 A 0 SR

E24i B

(1) A5 ) 52 3RS B 4 fE customer_segmentation.py SCFH . FATTE B B WAL . B
e — A H I Python U, SRIG A —SeTE BRIP4 :

import csv

import numpy as np

from sklearn import cluster, covariance, manifold

from sklearn.cluster import MeanShift, estimate_bandwidth
import matplotlib.pyplot as plt



(2) Mwholesale.csv3C A Hfinz A £ -

#OARHT AN A e AR

input_file = 'wholesale.csv'
file_reader = csv.reader (open(input_file, 'rb'), delimiter="',")
X =[]

for count, row in enumerate(file_reader) :
if not count:
names = rowl[2:]
continue

X.append([float (x) for x in row[2:]])

# 3 Hnumpy $ e
X = np.array (X)

(3) MIRTHI N A —FE, Hr— DI E R R .

# & LA $bandwidth
bandwidth = estimate_bandwidth (X, quantile=0.8, n_samples=1len (X))

# JMeanShift k&t H R £

meanshift_estimator = MeanShift (bandwidth=bandwidth, bin_seeding=True)
meanshift_estimator.fit (X)

labels = meanshift_estimator.labels_

centroids = meanshift_estimator.cluster_centers_

num_clusters = len(np.unique(labels))

print "\nNumber of clusters in input data =", num_clusters
Vicl > o

(4) FTER AT R SR 0

print "\nCentroids of clusters:"

print '\t'.join([name[:3] for name in names])

for centroid in centroids:
print '\t'.join([str(int(x)) for x in centroid])

(5) EPERIE (milkFlgroceries ) FYZRISLERATIAL, LIARH B A4 i -
# BAETAA
centroids_milk_groceries = centroids[:, 1:3]

# Mcentroids_milk_groceries P #J# 4@ P b

plt.figure()
plt.scatter (centroids_milk_groceries[:,0], centroids_milk_groceries[:,1],
s=100, edgecolors='k', facecolors='none')

offset = 0.2
plt.xlim(centroids_milk_groceries[:,0].min() - offset *
centroids_milk_groceries[:,0].ptp(),

centroids_milk _groceries[:,0] .max() + offset *
centroids_milk_groceries[:,0].ptp(),)
plt.ylim(centroids_milk_groceries[:,1].min() - offset *
centroids_milk_groceries[:,1].ptp(),
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centroids_milk_groceries[:,1].max () + offset *
centroids_milk_groceries[:,1].ptp())

plt.title('Centroids of clusters for milk and groceries')
plt.show()

(6) AN, W LIfEAT AT T B E BN E4-17 R 1 45

Number of clusters in input data = 8

Centroids of clusters:

Fre Mil Gro Fro
9632 4671 6593 2570
40204 46314 57584 5518
8565 4980 67298 131
32717 16784 13626 60869
22925 73498 32114 987
112151 29627 18148 16745
16117 46197 92780 1026
36847 43950 20170 36534

K 4-17

(7) WE4-18 R 2 1 JEmilk (2845 ) Flgroceries ( Z45% ) PHMFAERIERISH L, Himilk
FRHERRT R XAHARFR ,  groceries AR XS b Yl AL A

[ NON ) Figure 1
Centroids of clusters for milk and groceries
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K 4-18
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TEX 3, FAGEAZ LU TR

Q MEEE R A A

Q WEHLEFF I HKZ (pipeline )

Q FHRETLE

Q HEE—PKNNZ R

O HEE—KNNEIEE

Q T RERCHEES 4340 ( Buclidean distance score )

Q & R EMEIE 25X ( Pearson correlation score )
Q FHRBdRE T RARLUE

Q Al

51 &y

HERET | B — I RETTIN P 4R ORI o R F o | SR T T A SR dsa e, A T — i
FEAETIEE o FA T T S BT AT RE B A AT, R ATSE A 2R VU SO e P i e Hh ok, ke
AR 5 13 mT LUAT B TR P RS v A i N A ok . A A | X 24 57 B
IRA—AMRPER R il 5, 100 P Rl el AN il RELEHR A ORI OC A - il A Sl A I 2,
LA P 9% . A LA R (AiNetflix ) ™ HHRBHEE RGO P S 5,

e 530 w DM AL JE (collaborative filtering ) oL T N 293 JE ( content-based filtering )
ey Az — 2R o PR IE VA AN ) Z AR AE T2 e i 0 2 Bibl) it DB M S i P ity
R FEA P S H P AP 23R AR | AR 5 ol FH 3RS SR T i > FH P T RIS R A Y
25 ML NI B B S A B RRAE R 25 F P HEAE BE 22 RO RS 1 it ) PO AR L B A 2
DG Mo A TR R/ A R I ek U
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52 AR WERKAS

BLas~ > RGP Y 32 B AR o Ei A BRI K 26 o TE R s A BIBLE 7~ Sk vh A T
SRZAT, T B BRSO B, RS TT AR RE A . e —ERAY | R
JEALER S~ REER R, JA — M AR AL B OK AR R B2 AR ZEA K B fE
ATLAEI 30 RO A BRI K 2 R SR pRE AL 5 o AN O TR B PR A 77 2GR T I
SE PR, TR R R AR 7 A PR G o 45 R RN 2 5k 2 s BOR I I — T
R REE S, AR QI IEAREL, TGP AL & R — K

E AP
(1) AgE—4Python3C {4, FALLTFRTA:
import numpy as np
(2) 7 S REL, R — 1 ooE NS

def add3 (input_array) :
return map (lambda x: xX+3, input_array)

(3) & L A REL, BRI IT R R 2.

def mul2 (input_array) :
return map (lambda x: x*2, input_array)

(4) 5 SR =A%, KB — TR s -

def sub5 (input_array) :
return map (lambda x: x-5, input_array)

(5) B —pREE AR, FXSE R B A SR, IR — NG R X5 RO
A bR SRR P RA T I — A R

def function_composer (*args) :
return reduce(lambda f, g: lambda x: f(g(x)), args)

AV reduce BRI T ITA BT, BUBURRETA AR A BB S I
(6) AT LUMR AR5 1o H o SC— L2 udla F— A

if _ name_ =='__ _main__ ':
arr = np.array([2,5,4,71)

print "\nOperation: add3 (mul2 (sub5(arr)))"
(7) AR E R 5, AR TR, AR anE

arrl = add3 (arr)
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arr2 = mul2(arrl)
arr3 = subb5(arr2)
print "Output using the lengthy way:", arr3

(8) T T EAAT ARG Y R B2 5 4 S B RTRE A D

func_composed = function_composer (sub5, mul2, add3l)
print "Output using function composition:", func_composed (arr)

(9) ATLAIEAE b a7 2 A AR SR B 5, (HR R 7 AR E R FIAR AT 2R
1 HASEA AT Y . 57 2R R B %EE%%E

print "\nOperation: subb (add3 (mul2 (subb5 (mul2 (arr)))))\nOutput:", \
function_composer (mul2, sub5, mul2, add3, subb5) (arr)

(10) iAW RAEAr AT TR B AN 1& 5-1 7 i th 45

Operation: add3(mul2(sub5(arr)))
Output using the lengthy way: [5, 11, 9, 15]
Output using function composition: [5, 11, 9, 15]

Operation: sub5(add3(mul2(sub5(mul2(arr)))))
Output: [-10, 2, -2, 10]

K 5-1

5.3 MWENFIFEIIRKE

scikit-learn 6L LA T MUK . AT ERE AL, el aid— 1 Ee
X, EE AR . XK T LGS A B R ss . o] | ARl
BT SR XK, DU AR [ SRR A RRE . FHREAL
AR AR T 102655

531 ¥ E
(1) Bl —Python 3, FALLTFFETFAL:

from sklearn.datasets import samples_generator

from sklearn.ensemble import RandomForestClassifier

from sklearn.feature_selection import SelectKBest, f_regression
from sklearn.pipeline import Pipeline

(2) Az 27 Rl

# AR AR
X, y = samples_generator.make_classification/
n_informative=4, n_features=20, n_redundant=0, random_state=5)
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—ATARESAE T — 2 04U IE I B, PR RO — N BOME . 7EX HL, ARAT LU B ek
n_featuresé%iﬁﬂé@%ﬂﬁ*?ﬁEﬁﬂﬁ%ﬂ@ﬁiiﬁo

(3) HENL UKL S — D R AR st — DA A PR A B AP O RRAE . X B kY (E
H10:
¥ IR FE

selector_k_best = SelectKBest (f_regression, k=10)

(4) BT TR L 5 20 R TR LR AR 3 2588 3 280 -

# MALAM S £ B

classifier = RandomForestClassifier(n_estimators=50, max_depth=4)

(5) H PRV LIAIERKLL T o pipeline ML RVFRATHTE X SR AIHETR K 2 -

# MENEF T RAKE

pipeline_classifier = Pipeline([('selector', selector_k_best), ('rf', classifier)])

AT PIAERK L N BHIR E 4 PR E— AT AU R R PR 4 N selector, HHREML
BRIP4 A f o ARE R DUE B AL A4 PR

(6) Wl LI Hrix e 240, H E—L B AR &Ex s , filan, s BaERE
PR PR R EI B e, TEFINLRMR et bin_estimatorsH(EIX E 25, AT LU mAL
SCEl, R, X RMFREAE L —LEPS .

pipeline_classifier.set_params (selector__k=6, rf_ n_estimators=25)
(7) $ PRI 26405
# NGHLBE

pipeline_classifier.fit (X, vy)

(8) VISR A 0 4 111 45

# MG R AR
prediction = pipeline_classifier.predict (X)
print "\nPredictions:\n", prediction

(9) PE AR TR RE

§ ATE R BE S
print "\nScore:", pipeline_classifier.score(X, y)

(10) 3B 7] LAA B P EERRfE e, IR LA TER S

# AT S R B F R IE

features_status = pipeline_classifier.named_steps|'selector'].get_support ()
selected_features = []

for count, item in enumerate (features_status):
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if item:

selected_features.append (count)

print "\nSelected features (0-indexed):", ', '.join([str(x) for x in

selected_features])

N g

(11) i24 7405, A IFEar 24T T B A 2000 B 5-2 Frs 1) 45

Score: 0.96

Selected features (@-indexed): 4, 8,

532 T{E/RIE

PN T B R, A TE T 1T LAAL AR/ INAE S B0t 3l / N3 48 2 B R i AR o
ﬁﬁﬁo S’Ehk/l\ AR D7 2R T M i AR IE e, B R S T s e R,
SRJF NRFAIE i) A U U 75 Il o PR RGeS — A AT o

M X B, TS [ AR MR A — R R TP B, PR
MIRFIE . FATE PR AR K LT PATX AT AL B — BB AR, — DR RRAE
ARG 1, AT LR NRRAIE [ 12T BENLRR AR A i s A DI 2R 8800

54 FHHIEL

T AR AR — Nl HISAASE, HH ARSI ZRB0 4R h A il SR B R ko . #2F
Kz ﬂnﬁﬁﬁﬁ‘ﬁ’%ﬁo

EREAE
(1) B#E—A-Python3CF, FALLTFRTAL:

import numpy as np
import matplotlib.pyplot as plt
from sklearn.neighbors import NearestNeighbors

(2) R — LR Y — R -
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# AR
X = np.array([[1, 1], [1, 3], [2, 2], [2.5, 5], [3, 1],
(4, 21, (2, 3.51, [3, 31, [3.5, 411)

(3) FA 1Y B AL E AR EIH3 Mlr A . E SUASHL

# FRRLARGIE
num_neighbors = 3

(4) & L REHEE R, X DR A B TE R AR -

# T NBIRE

input_point = [2.6, 1.7]

(&) BEBIER G, IR
# 3k AR

plt.figure()

plt.scatter(X[:,0], X[:,1], marker='o', s=25, color='k"')

(6) AT FHEIAS, HESHSECE L—"NearestNeighborsXi4, F M AZHEIIZ%
A0E ¥

# R ARETY
knn = NearestNeighbors (n_neighbors=num_neighbors, algorithm='ball_tree').fit (X)

(7) TR A S A T AR
distances, indices = knn.kneighbors (input_point)
(8) FTEN A e 4 -

# ATEPRASRILAR &

print "\nk nearest neighbors"

for rank, index in enumerate(indices[0][:num_neighbors]):
print str(rank+l) + " -->", X[index]

indicesBHRE—NOHIF AR, PIUAT EM AT E IFTEN HhEd A .
(9) W B AKE AT, JFIEH Rk B2 -

#8 R AR

plt.figure()
plt.scatter(X[:,0], X[:,1], marker='o', s=25, color='k"')
plt.scatter (X[indices] [0][:][:,0], X[indices][0][:]T[:,11,
marker='o', s=150, color='k', facecolors='none')
plt.scatter (input_point[0], input_point[1],
marker='x"', s=150, color='k', facecolors='none')
plt.show()

(10) BATARES, W LALEATA4T T B A E 240 & 5-3 0 7 i H o
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k nearest neighbors

1-->[2 2.1
2-->1[3. 1.]
3.1

oo+ B@

E 54
(12) Gl s-5 s it s UG R R T IRESHE S R3S e &R v

oo+ B@

& 55
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55 #HE—1 KNN 72z5

KNN (k-nearest neighbors) & ki SRR ZREU AR THRAR TN G 32— Fh ik

AR A R BRI R TR, T AR BIKNNI S — D 28k ke o $ R ok > fnfif ity i
FERY IS4 o

55.1 FHSRE

(1) Bl —Python 1, FALLTREFAL:

import numpy as np

import matplotlib.pyplot as plt

import matplotlib.cm as cm

from sklearn import neighbors, datasets

from utilities import load_data

(2) FA K5 FH 2 data_nn_classifier.xtSCAE ARG . iz A B :

# MBI NS
input_file = 'data_nn_classifier.txt'
data = load_data(input_file)
X, v = datal:,:-1], datal:,-1].astype(np.int)
HIMS LS SR, e —F S hn%s, P BRI ] oy AR F 3R o
(3) Kk AZds T AL
# 3k AN AE
plt.figure()
plt.title('Input datapoints')
markers = '“sov<>hp'
mapper = np.array([markers[i] for i in vy])
for 1 in range(X.shape[0]):
plt.scatter(X[i, 0], XI[i, 1], marker=mapper[i],
s=50, edgecolors='black', facecolors='none')

AT R EE R, FFHEE AR AR,
(4) N THIEEIY 2SS, T B E A1 IR L AR ML 5 SGZSHANT

# IR E R ARG AN
num_neighbors = 10

(5) A TR A AL, T2 SIS, T RPN IZ 0 et . 8 MBS AR AN
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(6) & TR HEKNN AT 45

# AIERNN R BAE A S 3479 4R

classifier = neighbors.KNeighborsClassifier (num_neighbors, weights='distance"')
classifier.fit (X, vy)

(7) A= RS SR I A 5 o % AR AR =

¥ HIiAgRSEAR

x_min, x_max = X[:, 0].min() - 1, X[:, 0].max() + 1
y_min, y_max = X[:, 1].min() - 1, X[:, 1].max() + 1
x_grid, y_grid = np.meshgrid(np.arange(x_min, x_max, h),

np.arange (y_min, y_max, h))

(8) PFAN 72 A B A K i i
# SRR A B

predicted_values = classifier.predict (np.c_[x_grid.ravel (), y_grid.ravel()])
(9) K Hm H

# ERFEZEFHELER

predicted_values = predicted_values.reshape (x_grid.shape)
plt.figure()

plt.pcolormesh (x_grid, y_grid, predicted_values, cmap=cm.Pastell)

(10) FefrTimi i TR @RI, R ER I A A s A b, R T S T A B R AE T
AL TEEL e

for i in range(X.shape[0]):
plt.scatter(X[i, 0], X[i, 1], marker=mapper[i],
s=50, edgecolors='black', facecolors='none')

plt.xlim(x_grid.min(), x_grid.max())
plt.ylim(y_grid.min(), y_grid.max())
plt.title('k nearest neighbors classifier boundaries')

(11) # P RMEEE S, BB SEMRETER 2. & SOFm e .

# W XI AN B A
test_datapoint = [4.5, 3.6]
plt.figure()
plt.title('Test datapoint!')
for 1 in range(X.shape[0]):
plt.scatter(X[i, 0], X[i, 1], marker=mapper[i],
s=50, edgecolors='black', facecolors='none')

plt.scatter (test_datapoint[0], test_datapoint[1l], marker='x",
linewidth=3, s=200, facecolors='black")

(12) FHRAF AR A HUKNN -

# RIBKNNpy R R
dist, indices = classifier.kneighbors (test_datapoint)
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(13) ) HKNNIFR A R :

# B HKNNy LR
plt.figure()
plt.title('k nearest neighbors"')

for i in indices:
plt.scatter(X[i, 0], X[i, 1], marker='o',
linewidth=3, s=100, facecolors='black")

plt.scatter (test_datapoint[0], test_datapoint[1l], marker='x"',
linewidth=3, s=200, facecolors='black")

for i in range(X.shapel[0]):
plt.scatter(X[i, 0], X[i, 1], marker=mapper[i],

s=50, edgecolors='black', facecolors='none')

plt.show()

(14) FEAr AT TR APITEI S 2Ea0 i tH 45

print "Predicted output:", classifier.predict (test_datapoint) [0]

(15) PATHCRS, 25—l th R SRR T R AR 70417, WPl 5-67 7 o

2[o[o+«m@

B 56
(16) 2 i@k b FUZ /R T FHKNN 2S48 A3 i 7, WnEs-7R1R o



55 ME—NKNNSEE 101

foo+ 8@

B 57
(17) 8 =gk UG R R T I s S 7 B, WnEIS-8 7 o

200+ =@

K 5-8
(18) 2 DU gk MG R T 10t AR 2 B, AnIEIS-9Fi 7w o
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552 T{ERE

KNNZFZEGAEAE T BT A m] B8, JFARAEAR DL BE R bR i i) R s AT 202 o XA
LURE SR B o LR S R BRI U 4 1200 — N ES B EOR , Wt R LB /e TR AT
AT EARIALATE A RIS BATAT Z PR

—BARIKNN, Btet— 28Rk, — i rUE i KNN SRR ORI T 028 X
AN AR 2T BIFIKNNEH WL ZE b AR kOB E 1, IR AR T — o487y
Hedtit, MBI, F R R FERNNGRBR AR R BT R A WE—2 . S TR A £
Fhttp://www.fon.hum.uva.nl/praat/manual/kNN_classifiers 1 What is_ a kNN_classifier .html,

56 #E— KNN [El)3zE

PATTE L A FHKNNBE LA A28 T, T FHKNNEILM R4, T ok2%>) I
AT FR R KNN ] I 25
5.6.1 FHLE

(1) AgE—"Python3Cff, FALLTFRTA:

import numpy as np
import matplotlib.pyplot as plt
from sklearn import neighbors
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(2) HE Il — S IR TEZS A3 A5 IR A B -

# AR AR
amplitude = 10
num_points = 100

X =

(3) TR A —SE R S | A—SEBEHLYE . AR ) H A 7R T RE R AR e

I

amplitude * np.random.rand(num_points, 1) - 0.5 * amplitude

E

ISR 51T PREL:

# I H BARSF R R
vy = np.sinc(X).ravel ()
v += 0.2 * (0.5 - np.random.rand(y.size))

(4) Bt T Ak -

# BEMAEERY

plt.figure()

plt.scatter (X, y, s=40, c='k', facecolors='none')
plt.title('Input data')

(5) BAME LA B T — 208, FFAT XTI L T 1S R B Y . 1 TR SO AR ™)

H A

 RMARAELOR O E R Z— R

x_values = np.linspace(-0.5*amplitude, 0.5*amplitude, 10*num_points) [:, np.newaxis]

FE SUXAN AL Y WA 5, DR AT 1A 22T XX B8 S DA RS 2%, T8 AN R AR S
(6) & X EATERAIAEL

# R SR ARAIAN
n_neighbors = 8

(7) M sE LS EARIIR I FUIZRKNN ] 25

# B Gm)a B
knn_regressor = neighbors.KNeighborsRegressor (n_neighbors, weights='distance"')
y_values = knn_regressor.fit (X, vy).predict (x_values)

(8) R AL A th Bl S B A —ikL, LAAE TR [l A A PERE R B -

plt.
plt.
plt.
plt.

plt

plt.
plt.
plt.

plt.

figure ()

scatter (X, y, s=40, c='k', facecolors='none', label='input data')

plot (x_values, y_values, c='k', linestyle='--', label='predicted values')
xlim(X.min() - 1, X.max() + 1)

.2ylim(y.min() - 0.2, y.max() + 0.2)

aopxis('tight")
legend ()
title ('K Nearest Neighbors Regressor')

show ()

O) AT, ik SR TR AR A, InPE5-107 7R o
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2/0/0+ 8@

K 5-10
(10) 58 Mg EZ R T FHIKNNEESS T 2 fE, W s-1175

- predicted values
000 input data

tlo/o+|« &@

K s-11

56.2 TIERIE

[ 48 By e OO S e R A 1) o X817 rp o B [ R A Hh 2, AU — 292 BR
e, FA AR m]E AR n] AT RS S e X AT B — s dnc REORTER
KNN[EEAS, %R BBk B AR IE LR . sincrREUYE SLATH

ERt#tXLRA lindorl(2948899818@qq.com) = EERMY
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sinc(x) =sin(x)x (x!=0)
=1 (x=0)

Mx ROBT, sin(x)/xZERO/OAER, I T EI A% R AR TCFR 4 3 T O RE AR PR o FRATT
FEN T —dUEfiN 2, IF B T —AES AR M ORI, IE e Z i B iR A 2
i ) T S T et i

57 TERKEESE

BIEC A T IR MIHLER: T K LA L AR 2R B SRR, R I T DIFIR TR 5 12 /Y
HUFT o O TR MRS 18, W EE SCRIMUEE AR, DAER )5 8 e peke e P AL
Fro BRICHRES /M Bt fe— X RER R RS, T AT SR s 2 AT R WO LA S . 1 TR AT
eS| 55 38R T Nt S A P ) AR L LA 34

E2i P
(1) AEE—4Python3C {4, FALLFRTFAL:

import json
import numpy as np

(2) & X—AHTHEPAH P Z I RO LR 8 sRg . S — eIl Foe S 7E8ds
JErb

# tHuserlfeuser2 ¥Rk K 96 5 4 5%

def euclidean_score(dataset, userl, user2):

if userl not in dataset:
raise TypeError('User ' + userl + ' not present in the dataset')

if user2 not in dataset:
raise TypeError ('User ' + user2 + ' not present in the dataset')

() N TIHE L, H EAREONA P P A LR

# REAANR P L 200
rated_by_both = {}

for item in dataset[userl]:
if item in dataset[user2]:
rated_by_both[item] = 1

(4) ARBA WA P L FEREE R R, WP Z R BRI (/DR
PaIE P P R R ICEE TR R ):

# B RAANR P ARIIFST, F5A0
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if len(rated_by_both) == 0:
return 0

5) M TEAILRITE, R ESE MR R, IRRZEIE—k, (S ARSI 122 [A] «
squared_differences = []
for item in dataset[userl]:
if item in dataset[user2]:
squared_differences.append(np.square (dataset [userl] [item] -

dataset [user2] [item]))

return 1 / (1 + np.sqgrt (np.sum(squared_differences)))
WERPES AL, ARAE I RIS 22 3R SARN , R P P i s B AR, X2 3 14 SR 48 b
IRBIRR
(6) JNZREHE L4 fmovie ratings.json A4

if name__=='__main
data_file = 'movie_ratings.json'

with open(data_file, 'r') as f:
data = json.loads(f.read())

(7) BEPABERL P, TH R TR S /4L

userl = 'John Carson'
user?2 = 'Michelle Peterson'

print "\nEuclidean score:"
print euclidean_score(data, userl, user2)

(8) i1 T1ZACHS, W] LAE BIRK G B - B e R ey 24T T A

58 IHTEKE/RIEMEXART

DR PGB M RO — D E R BOR RS, (e —LE8u . P, B AR & R B0 I TR
T8 FET R T U5 B R A G R AL

FHRPR
(1) AgE—Python3Cf, FALLTFRTA:

import Jjson
import numpy as np

(2) #& P oRE =T Z 8] B R B SCE R B ekl S — 225l
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A AERE P B

# it Huserlfeuser2 8y Rib4n £ A $
def pearson_score(dataset, userl, user2):
if userl not in dataset:
raise TypeError ('User ' + userl + ' not present in the dataset')

if user2 not in dataset:
raise TypeError('User ' + user2 + ' not present in the dataset')

(3) FRHHA P P S A LS -

# RIAANR P L e 0@
rated_by_both = {}

for item in dataset[userl]:
if item in dataset[user2]:
rated_by_both[item] = 1

num_ratings = len(rated_by_both) _

(4) ARBA AT P LRI o B, X P TP Z R BT AR, iR (el o

# W RBARPAKA S, FHHRO
if num_ratings ==
return 0O

(&) TR AP I I HZ A

# HHARFSEH NPT
userl_sum = np.sum([dataset[userl][item] for item in rated_by_both])
user2_sum = np.sum([dataset[user2] [item] for item in rated_by_both])

(6) FFSLITATHIII T L VRS T IR

# A H BT A AR B R R A9 5 09T e

userl_squared_sum = np.sum([np.square(dataset[userl] [item]) for item in
rated_by_both])

user2_squared_sum = np.sum([np.square (dataset[user2] [item]) for item in
rated_by_both])

(7) TR AR AL A

# HHREE G RRZA
product_sum = np.sum([dataset[userl] [item] * dataset[user2][item] for item in
rated_by_both])

(8) T B AR AT AR AT B 4 T 3%

# AR RidbAn XA

Sxy = product_sum - (userl_sum * user2_sum / num_ratings)
Sxx = userl_squared_sum - np.square(userl_sum) / num_ratings
Syy = user2_squared_sum - np.square (user2_sum) / num_ratings
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(9) IR ORI TR L -

if Sxx * Syy == 0:
return 0

(10) GR—PIIEH, IR IA] R IRAAOC R L -
return Sxy / np.sqgrt(Sxx * Syy)
(11) %€ XmaineRBOFHE AN Z A1 J IR EH O R AL

if name__=='__main__':
data_file = 'movie_ratings.json'

with open(data_file, 'r') as f:

data = json.loads (f.read())
userl = 'John Carson'
user2 = 'Michelle Peterson'

print "\nPearson score:"
print pearson_score(data, userl, user2)

(12) is ATz, mT AR 2 B R AR R B s ey AT TR A

59 FHIBEETHIEMUAF

P EHERE S | B R — AR R R AE SR T RN P, AR UL, S P A s ey
ST AR R 25 S HARRIR T o 35 T R T ] SHRAR BT

FHRPR
(1) AgE—4Python3C {4, FALLFRITA:

import Jjson
import numpy as np

from pearson_score import pearson_score

(2) X —Aek%k, HTFREHmAH AP . 2R ECa3 N M ASE: BIRE . WA
PSR PNLG E—LREREZHA P 2RO EESIRET . WA CSAE, W
T 2T RZ R P 54 e rb A A P P B 2R G R B

# FREZHESHEMARN P AARGRA P

def find_similar_users (dataset, user, num_users):

if user not in dataset:
raise TypeError ('User ' + user + ' not present in the dataset')
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# THPTR R P Rk AR KR
scores = np.array ([ [x, pearson_score(dataset, user, x)] for x in dataset if user !=
x1)

(3) ik BuAG oy 4i B R HES ] -

# RSB H PN HEA

scores_sorted = np.argsort (scores[:, 1])

I AR IS A HER

scored_sorted_dec = scores_sorted[::-1]

(4) FEC A e IR 18]

# RIEBERARS S
top_k = scored_sorted_dec[0:num_users]

return scores[top_k]

(5) % XmainkR%h, hngm ALz

if _ name_ =='_ _main__ ':
data_file = 'movie_ratings.json'

with open(data_file, 'r') as f:
data = json.loads(f.read())

6) HAFAEAEL3I T ETohn carsontifIBIF . FLL T A TREH

user = 'John Carson'
print "\nUsers similar to " + user + ":\n"
similar_users = find_similar_users(data, user, 3)

print "User\t\t\tSimilarity score\n"
for item in similar_users:
print item[0], '\t\t', round(float (item[1]), 2)

(7) IBATAES, TR S AT LR A WoR T3, Ws-12005%

Users similar to John Carson:

User Similarity score

Michael Henry
Alex Roberts
Melissa Jones

510 SR

ZI, WATE LA T —MEFET RS AR GURE T, 3P R — PR R AT
RGL. AR TR AT A1 R R EOR M RS | B, 1T RE B BRI Se B .
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34 B
(1) Bl —Python X, FALTREFAL:

import json
import numpy as np

from euclidean_score import euclidean_score
from pearson_score import pearson_score
from find_similar_users import find_similar_users

(2) X =R G P A SRR R B 1 ek AR I P R A TR A v

# ALRRPERCHIHES
def generate_recommendations (dataset, user):
if user not in dataset:
raise TypeError('User ' + user + ' not present in the dataset')

(3) FHEIZ T SR AT Y B R AR G R L

total_scores = {}
similarity_sums = {}

for u in [x for x in dataset if x != user]:
similarity_score = pearson_score(dataset, user, u)

if similarity_score <= 0:
continue

(4) FENERPGZ TP R HLEE -

for item in [x for x in dataset[u] if x not in dataset[user] or dataset [user] [x]
== 0]:
total_scores.update({item: dataset[u] [item] * similarity_score})
similarity_sums.update({item: similarity_score})

(5) WAFIZH B I B P v A B 5, AR BES T P AR LR o R VA T AL 2 .

if len(total_scores) == 0:
return ['No recommendations possible']

(6) A T BUREMIC RN, T AR — T RES I .
#AR—A R YR ARILI] R

movie_ranks = np.array([[total/similarity_sums([item], item]
for item, total in total_scores.items()])

(7) X Rz JRAAH X R TRE T HES )«

# ARSE F— P R AR X R BGEAT R A HES

movie_ranks = movie_ranks[np.argsort (movie_ranks[:, 0])[::-1]]

(8) FJr PRI HERE R LR -
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# REGEABEFG LY

recommendations = [movie for _, movie in movie_ranks]
return recommendations
(9) & XmainbR%L, MEEHELE.

if name__=='__main__':
data_file = 'movie_ratings.json'

with open (data_file, 'r') as f:
data = json.loads(f.read())

(10) AMichael HenryH: i

user = 'Michael Henry'
print "\nRecommendations for " + user + ":"
movies = generate_recommendations (data, user)

for i, movie in enumerate (movies) :
print str(i+l) + '. ' + movie

(11) P gohn carsonBI AW, HILTE MMETERENT, NZRnR0fErE . REFRE
FPiatT o R I -

user = 'John Carson'
print "\nRecommendations for " + user + ":"
movies = generate_recommendations (data, user)

for i, movie in enumerate (movies) :
print str(i+l) + '. ' + movie

(12) iBF7iZACE , ol I 24T TR E S NES- 13T R i 4s 5

Recommendations for Michael Henry:
1. Jerry Maguire
2. Anger Management

3. Inception

Recommendations for John Carson:
1. No recommendations possible

K 5-13



TR ER

TERX—5, FAENZGLUT T

Q HAmICHAT A 2 A PR A

Q FEPCOREHRE YR T

QO HIEIE IR R R 5 238 U B EEATE 2
Q FHHm 750 5 SCAR

Q A4S ( bag-of-words model )

Q Bl SOR S

Q PUES

Q S a) - 1 ek

Q I EA R SR AR X

6.1 &Y

A HPHINLP (Natural Language Processing, BfAIBES ) EICATHEERSE A
AL ENR—ER 4 o THRENIER T A R 2Rk B 25 F AU AR 55 . SR, SIRAITAITHE:
LA FRAESS AL B B SCARKT, SRR RIME ., TFANLPL AR T = —Fh ki, PUEATHEL
RXER AR B B S, i HE SRR A AR MM ES . X FIIEATTLUETF .
B A

N T RRPEX AR, He T LA > FINLPRLS A o X SERE AN SOARBAE A=, DA AT
PIHRAS RN T i N T REZ Bl K M T NLPAISCA /BT R R A D45 5 . NLP K FH 4
WA RG I | FEOMT . A TREARTE L SSARUIAE . NLPIY H AR I A — 215k,
DA AT LA S S SCRH LSS i o ISR — HARSEEL, M AR ERR P B 5 ok T
BLPATHE S o X — Tl BN SCA ST, DA AR ] A SCA B 4@ B0 2 SR R . FRATHER
2 FH 3| Python P AIYNLTK ( Natural Language Toolkit ) £, 7EFEF 78 FRAY2E2 Z 0T, SCHifiiRE
LT TNLTK, 22850 LIS http://www.nltk.org/install. html, {RIE T B ZZHENLTKE R, X
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SER A L S AR 2R PRI AR, X SCAR T AN T Ay RN ER 0y, R RAT LS %
http://www.nltk.org/data.html,

6.2 FFRICHEMTEY AT IR R

FRICRRAT S A SCA 0 R — 2 T S BE s e o k28 A Bl R EAmie , il n] UK — Bt
SOy B AR B ) RS Tk ARSI L A SORF AR SCAS 3381 A B SCRIARIC .
B2 KA G o] S RE BRI AT

FHTE
(1) AIEE—"Python U, ZESCHHIMALLTF A . X BE SCT —2 T i il SCAs
text = "Are you curious about tokenization? Let's see how it works! We need to analyze

a couple of sentences with punctuations to see it in action."

(2) T ARMF T M. NLTKERHE T — M)t as, B emaixsise.

§ 3} 6 F AR

from nltk.tokenize import sent_tokenize
(3) M AR s T T b s, SREGHFRC:
sent_tokenize_list = sent_tokenize (text)
(4) FTTENH R TR BT A 181 35

print "\nSentence tokenizer:"
print sent_tokenize_list

(5) B AT AENLP R AR R FAY o NLTKRH T LA R B Bl fgdr e o e i AR i B
N AR TR «
bk — A IR B

from nltk.tokenize import word_tokenize

print "\nWord tokenizer:"
print word_tokenize (text)

(6) NLTKH1 53 #h—A> AT LA I 1 Bml i T e I Punk eword, B LIS SAF S0 HISOAR, W2
IR AR AT, R B A
§ A — A AR B G i AT B

from nltk.tokenize import PunktWordTokenizer

punkt_word_tokenizer = PunktWordTokenizer ()
print "\nPunkt word tokenizer:"
print punkt_word_tokenizer.tokenize (text)
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(7) WA ZER bR A5 IR B BRI A FAricH,  rTRUwor dpunce bRt -

# ) — AN egWordPunc t AR LM AT 8
from nltk.tokenize import WordPunctTokenizer

word_punct_tokenizer = WordPunctTokenizer ()
print "\nWord punct tokenizer:"
print word_punct_tokenizer.tokenize (text)

(8) &FCILE LA Etokenizer.py SUIFH A H o 24 T1Z05, ATLAIEMA 1T T H B FE R K 6-1
Ui Ok AR ES e

Sentence tokenizer:

['Are you curious about tokenization?', "Let's see how it works!"”, 'We need to analyze a couple of senten
ces with punctuations to see it in action.’]

Word tokenizer:
['Are', 'you', ’'curious’, 'about’, 'tokenization', '?', 'Let’, "'s", 'see', 'how', 'it’, ‘works’', '!', 'W
e', 'need’', 'to’', 'analyze'’, 'a', 'couple', 'of', 'sentences’, 'with', ’'punctuations', ’to’', 'see’, 'it'
ViAo S e
in', 'action’, '.']
Punkt word tokenizer:
['Are', 'you', ’'curious’, 'about’, 'tokenization', '?', 'Let’, "'s", 'see', 'how', 'it’, 'works’', '!', 'W
e', 'need', 'to', 'analyze’, 'a', 'couple’', 'of', 'sentences', 'with', 'punctuations’', ‘to', 'see’', 'it'
i : '
in', 'action.’]
Word punct tokenizer:
['Are', 'you', ’'curious’', ’about’, 'tokenization', '?', 'Let’', "'", 's', 'see', 'how', 'it', 'works', '!’
, 'We', 'need', 'to', 'analyze', 'a’', 'couple', 'of', ’'sentences’', 'with’, ’'punctuations’, 'to', 'see’, '’
it*, 'in"; ‘action", '.']

6.3 fREUCALIERET

ALPESCASCRSES, nTRESRE R R AN FEIE, LLIR “play” M), XANFRIR] ] RELL4SFh
X HBEL, #Flin “play” “plays” “player” “playing” 4§, X6 HAT[ARE S LAY PAIR Z% . 76 3C
AoHreh, $REBGX L s IR AR R A R, EA B TIRATHRI— 25 5 BOR TN SCAS, 1)
THEH) B AR 2K A AR A8 SRl R AR s FOE o 98] 4 Ul FH S & XA PR P R e ) ) 2
#B, DASEHCRIRI A RIE o BT R A G AT 7E Python H 58 B iA] T4 HL

6.3.1 FHLE
(1) AgE—Python3Cf, FALLTFRTA:

from nltk.stem.porter import PorterStemmer
from nltk.stem.lancaster import LancasterStemmer
from nltk.stem.snowball import SnowballStemmer

(2) 7 S—BE R )R AT i) T L
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words = ['table', 'probably', 'wolves',6 ‘'playing', 'is',6 'dog', 'the', 'beaches',
'grounded', ‘'dreamt', 'envision']

(3) & X—PRYJE2 BT TR R 5155 -

# PR 6998 TR &
stemmers = ['PORTER', 'LANCASTER', 'SNOWBALL']

(4) WIS/ AR 4

stemmer_porter = PorterStemmer ()
stemmer_lancaster = LancasterStemmer ()
stemmer_snowball = SnowballStemmer ('english')

(5) M T LABEST I RAIE ZOR i i Bs A TR ok, e BB AR A A X

formatted_row = '{:>16}' * (len(stemmers) + 1)
print '\n', formatted_row.format ('WORD', *stemmers), '\n'

(6) BN AR, I3 )T PRI A 7] TR

for word in words:
stemmed_words = [stemmer_porter.stem(word),
stemmer_lancaster.stem(word), stemmer_snowball.stem(word) ]
print formatted_row.format (word, *stemmed_words)

(7) A E S TEstemmer.py LI P4 o IB4TIZA0RS, FTRITEAT A7 TR & B anfEl6-2
P 45258 . IIEl6-2rh T LI, Lancasteria] T4 Hics i 4 45 2R 5 HAB ) T B2 IBCas i
HEERAR

WORD PORTER LANCASTER SNOWBALL

table tabl tabl tabl
probably probabl prob probabl
wolves wolv wolv wolv
playing play play play

is is is is
dog dog dog dog

the
beaches
grounded
dreamt
envision

6.3.2 T{ERIE

VL 3 a4 BUA L A i H AR PR B T, BRI RS . BTN R Z A7 F
PAER AR AR AR . W 45 BT AIE 3, Lancasterial T3 BUas H H A PR 1a] T 3L B as 55 ™

the the
beach beach
ground ground
dreamt dreamt
envis

the
beach
ground
dreamt
envis
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o AR AR AR UL, Porterial TR HUAH R IR FEAANY, 1M Lancaster ] TS BUAr S e A% 1.
Lancasterin] T BCas 52 i) TAETE OB, MELIRAR . Lancasterial T H ORI A B BEAR DR,
(B B2 di /D B AR o, A G 5 23 e Snowball il 52 HLAS .

6.4 RIAFTRNGEERXARRERRN

TEIR ) B ARt 2 i oy HFOE , (e 2— AN E 451k k. fEai—1H, nrLd
F 2 AR B A 2 ) BRR] ORI AR B, Blansiin] “wolves” BIAJFAL “wolv”, i)
A BRI AR A AN B — A B B ] TR A D aE A 0t B R A T IR RS R A AR S, R T LA
[ X — IR, B IR AR EE 2, Bl “ing” 5% “ed”, SRJEIR LAY FIEIES,
XN FIE W TR (lemma ), AEXFFAIR “wolves” MORARIAE, AILIMSE] “wolf” AY%HE .
iy R ZE R AR IC R — Dl e — 4. T A A AT EaRTE R R

EZi P
(1) Bl —4Python 1, FALLTREFAL:
from nltk.stem import WordNetLemmatizer
(2) 5& L —H B A FIRE IR

words = ['table', 'probably', 'wolves', 'playing', 'is'
'dog', 'the', ‘'beaches', 'grounded',K ‘'dreamt', 'envision']

3) B WASATR B TRTE A IR, NoUNTRE IR a8 FIVERBIAITE B JFL 4% «

# AIRR A ER &
lemmatizers = ['NOUN LEMMATIZER', 'VERB LEMMATIZER']

(4) FETFworaNet B IR JFAF A H— X 42
lemmatizer_wordnet = WordNetLemmatizer ()
(5) T LIS R IE 200 B TEN R, 75 S0 HOERf Ak =X

formatted_row = '{:>24}' * (len(lemmatizers) + 1)
print '\n', formatted_row.format ('WORD', *lemmatizers), '\n'

(6) IARINERA I, FEHTAIE L AR T I L i

for word in words:
lemmatized_words = [lemmatizer_wordnet.lemmatize (word, pos='n'),
lemmatizer_wordnet.lemmatize (word, pos='v')]
print formatted_row.format (word, *lemmatized_words)

(7) S B 27 lemmatizer.py SR ZA H o 181 TZAES, TR RIUNE 6-3 i itk H 2%
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ML TR “is” AYIETEIR)E, noun R IRIEAS MIVERBIAITE AL SR g 03 IR A A A fl AR

WORD NOUN LEMMATIZER VERB LEMMATIZER

table table table

probably probably probably

wolves wolf wolves
playing playing

is is

dog dog

the the
beaches beach beach
grounded grounded ground
dreamt dreamt dream
envision envision envision

K 6-3

6.5 MIREVFIEXIIIAE

IrHURGIE T AL B REHLAR R iy A SCAR 0 R . SRRCHE BT AR AR, 0 B S FA R,
OrBREIEERANT AT PR S o P RAESCAR T R o AR HIAR R R SOR SR, it _
SR SORE T YL, LM R — 22000 1EIX—A7, B ASOR I o T3, B & 15
SERH A

EMPER
(1) QI Python3Cf, S ALL FAUF .

import numpy as np
from nltk.corpus import brown

(2) & LRSI HI B pRER S — R SO IR 25 AR R

# AL 3k

def splitter(data, num_words) :
words = data.split(' ')
output = []

(3) Ptf i —LE i A 2 R A AL

0
[]

(4) X X LE BRI HEA TR A .

cur_count

cur_words

for word in words:
cur_words.append (word)
cur_count += 1



118 B 6T oM ILAHKE

(5) ZAT 00 B RS 5 BT 8 SR R AR AR, AT A o

if cur_count == num_words:
output.append (' '.join(cur_words))
cur_words = []
cur_count = 0

(6) WIS B AR AR T, IR Mz AR
output.append (' '.join(cur_words) )

return output

(7) EX— A mainti %, MAWIERVZE (Brown corpus ) HMNZEEYE . FHRIRET10 0002 .

if _ name_ _=='_ _main__':
# AT B E R B e A A 3R
data = ' '.join(brown.words () [:10000])

(8) & X ARH A0 5 i) B B H

# ARk @26y EiA 4R

num_words = 1700
(9) 7 LA AR HE

chunks = []
counter = 0

(10) XX A SCARBIEM FHsplitter B, IR HATEN i .
text_chunks = splitter (data, num_words)

print "Number of text chunks =", len(text_chunks)

(11) 2EBAUS E £ 7k chunking. py SCUF 45 H o 124712400, AT LA B4 A B 40 H A TED
TEATAT TR, JFHBmEH ROZ 6.

6.6 fIEiRRERE

QR 2R EEA PR S RO T BRSO SORY , A B AR AR SE R e, DRSS
FHIXSEHE R 7 > ik o IS SAAT 2R s, DI Al A X SeXda gt 15200, I A
AR ERTEMFNRE (bag-of-words ), THILEIEMFTA SCRIH BT A B fhg T i RYRERY . =7
225, RS R SORY i A R ) T TR R AR SORY A T A

6.6.1 FHTE
(1) Bl —Python X, FALTREFAL:
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import numpy as np
from nltk.corpus import brown
from chunking import splitter

(2) 5 X —PmaineRQ %, MATRITERLZE N5 A LR -

if _ name_ =='_ _main__ ':
# B E R BRI
data = ' '.join(brown.words () [:100001])

(3) B A3 IS B

# Ao EiaRE
num_words = 2000

chunks = []
counter = 0

text_chunks = splitter(data, num_words)
(4) A T X B SCA Py ]

for text in text_chunks:
chunk = {'index': counter, 'text': text}
chunks.append (chunk)
counter += 1

(5) F—H AR A SCRS- TR RS . SCRY-TRIRE R % T SR B4 BA] S BB TR
Hscikit-learnSE A HEXREIAE RS, PEMAR L TNLTK, scikit-learnfg 58 &7 1/ 10 S8 X —AF 45 19 77 =0
SAT R

# RIS AL - 4B 5
from sklearn.feature_extraction.text import CountVectorizer

(6) 7E XS, FHHRBOCH - TR

vectorizer = CountVectorizer (min_df=5, max_df=.95)
doc_term_matrix = vectorizer.fit_transform([chunk['text'] for chunk in chunks])

(7) MvectorizerXf R HEEBUANT, FFTENH

vocab = np.array (vectorizer.get_feature_names|())
print "\nVocabulary:"
print vocab

(8) FTEW ST AR P

print "\nDocument term matrix:"
chunk_names = ['Chunk-0', 'Chunk-1', 'Chunk-2', 'Chunk-3', 'Chunk-4']

(9) N TATEIEARIES, T DA S A% Ui e

formatted_row = '{:>12}' * (len(chunk_names) + 1)
print '\n', formatted_row.format ('Word', *chunk_names), '\n'
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(10) IEARHTAT Huim], FTEREA IR B AN R B g R

for word, item in zip(vocab, doc_term_matrix.T):
# “item” RELOIMHKIESE (csr_matrix) HAELMH
output = [str(x) for x in item.data]
print formatted_row.format (word, *output)

(11) &S B £ fEbag_of words.py R4, 817120, "TLIAE BG4 1T TEP AW
TR H S, S AR RN, AnEl6-4PT R .

Vocabulary:

[u'about' u'after’ u'against’ u'aid’ u'all’ u'also’ u'an’ u'and’ u’'are’
u'as' u'at’ u'be’ u'been’ u'before' u'but’' u'by’ u’committee’ u'congress’
u'did’ u'each’ u'education’ u’'first’' u'for' u'from’ u'general’ u'had’
u'has’ u'have' u'he’ u'health’ u'his’' u'house’ u'in’ u'increase’ u'is’

u'it' u'last' u’'made’ u’'make’ u'may’' u'more' u'no’ u'not’ u'of’ u'on’
u'one' u'only’ u'or’ u'other’ u'out’' u'over' u'pay’ u'program’ u’proposed’
u'said’ u’'similar’ u’state’ u’such’ u'take’ u'than' u’that’ u’'the’ u’them’
u'there’ u'they’ u'this’ u'time’ u'to’ u'two’ u'under’ u'up’ u'was’
u'were’ u'what’ u’'which’ u’who’ u'will’ u'with’ u'would’ u’year’ u'years']

K 6-4
(12) 55 3053 R SRS -1l R, XA R R, s U B R AT LT, nE6-507R .

Document term matrix:
Word Chunk-0 Chunk-1 Chunk-2 Chunk-3

about
after
against
aid
all
also
El

and
are

ES

at

be
been
before

g

N
w
NNONUUIOOBRN—=0O0W=U—Www

w
WONANW= = =

—_
W= Ue W

WUIN—=SONORAOIIUTWUI=NN =

S

NOWNNOUWURUITWN = =N =
ONWN=BANAWNNWN=NW=

- N
-

committee

K 6-5

6.6.2 T{ERIE
AR T ) T A ]«

Q A)F1: The brown dog is running.
Q f|)F2: The black dog is in the black room.
QO A)F3: Running in the room is forbidden.
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DA E3AIE A LL R 9N ME— Ay A ] .

Q the

Q brown

Q dog
Qs

Q running
Q black

Q in

4 room

Q forbidden

FATH FH 3k 2 BRI AR A ) b R BRI s b T o B — M REAE ) R 3402
LR, P AfE—ERIR NN 9 -

QaF1: [1,1,1,1,1,0,0,0,0]

Q aF2: [2,0,1,1,0,2,1,1,0]

Q aF3: [0,0,0,1,1,0,1,1,1]

PR AR RHE ) S , AT UL AR T B3R X i 88 ) B EA T 04T T

6.7 BIEMADAER

AT B BB SO SR 43 AR, SOENLPHEE R S B B X U ]
—FhEOR, EEET—FUAEF-df SR, BN IESN-E S SAE (term frequency—inverse
document frequency ) X G T EA B TR B 75 —2H SOR o B — > SRy iy s 20k
BRI AR ARAE 1) R ASOCR 93 28, /R AT LAAEhttp://www.tfidf.com P R F T Z3EA0 /24

6.7.1 ML E
(1) QI Python3Cf, S ALL FAUF .

from sklearn.datasets import fetch_20newsgroups

(2) HFE—AIAIFNEER, I H AT M iy 7 208 S, TSR N2 T 1 20 A5t A 1) —
i
category_map = {'misc.forsale': 'Sales', 'rec.motorcycles': 'Motorcycles',

'rec.sport.baseball': 'Baseball', 'sci.crypt': 'Cryptography',
'sci.space': 'Space'}
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(3) FETWIRIE SRRz SR &8 -

training_data = fetch_20newsgroups (subset='train', categories=category_map.keys(),
shuffle=True, random_state=7)

(4) ARSI -

# A AERR I

from sklearn.feature_extraction.text import CountVectorizer

(5) HIVNZREHE SR IBURFAL -

vectorizer = CountVectorizer ()
X_train_termcounts = vectorizer.fit_transform(training_data.data)
print "\nDimensions of training data:", X_train_termcounts.shape

(6) ¥ PRI 2. X BB 200k R DL ( Multinomial Naive Bayes ) 732845 :

# MGEHSRE
from sklearn.naive_bayes import MultinomialNB
from sklearn.feature_extraction.text import TfidfTransformer

(7) & X —LEBEHLA AR A1

input_data = [
"The curveballs of right handed pitchers tend to curve to the left",
"Caesar cipher is an ancient form of encryption",
"This two-wheeler is really good on slippery roads"

]
(8) A& Xtf-idfArfagnXi 4, k.
# tf-1idfT# B

tfidf_transformer = TfidfTransformer ()
X_train_tfidf = tfidf_transformer.fit_transform(X_train_ termcounts)

(9) TR S, BRI G2 TR R D302t «
# 3RAAE N £ B

classifier = MultinomialNB().fit (X_train_tfidf, training data. target)
(10) FHIRIIEE e e A ds -

X_input_termcounts = vectorizer.transform(input_data)

(11) FHtf-id PS4 28 28 8 g A5 «

X_input_tfidf = tfidf_transformer.transform(X_input_termcounts)

(12) JHYNZxI #9700 sk Sk A m) 5 A0 H 2820

# U A A

predicted_categories = classifier.predict (X_input_tfidf)



AN
(13) FTERHIH »
# ATEPd ek
for sentence, category in zip(input_data, predicted_categories):
print '\nInput:', sentence, '\nPredicted category:', \

category_map|[training_data.target_names|[category]]

(14) EFARS E 2 AEthdf py KR ZA . B17iZS, T LIEM AT TR E 2 i E 6-6t
N Ok TR O

Dimensions of training data: (2968, 40605)

Input: The curveballs of right handed pitchers tend to curve to the left
Predicted category: Baseball

Input: Caesar cipher is an ancient form of encryption
Predicted category: Cryptography

Input: This two-wheeler is really good on slippery roads
Predicted category: Motorcycles

Kl 6-6

6.7.2 TIERIE

PR T TE B R GUE, F AR T SOR vh A B e p B A RAR AR SOk
HZUGE BB, [FRE, R “is” A “be” AR IE NI A REEUIE BN AR AT, i
AT ZRICH A SEPR T AR LE i), TRTROR, WX M 22, R, SRX iRz
I, A2 AR TR g, X P R EREAR A SRIBCGH BRI, SRR
FRAOSAE R, PR X 2 T AT 702

1855 ( The term frequency, TF ) F&/R— 1 FLIRI7EL & SCR H BRI o B TSR SCR A
JEARTR], X SRR 1Y) T BB ERSARZEARA, PRI FR 2O HREAL, s ek n] DATE- 45
PSR T AT XTI . S TS BRAEAL , FRATT AR B LA SCRY b BIr A BRI A 40, 13 ST A ST 3R
(inverse document frequency, IDF) F/R%5E RIS, M E0 ME AR, B0 A i)
SEFIEHEEN . O T HUAIPe 2 E IR Rl A, R A RECK A AR N, AT
THEE ORI S H B LB a] B SCRE H B LR 308 SORYABIA R A IBON BR B

B, “is” =i “the” AFAIHLRYHAIRAEA SO R N, (HEX I AN IR B X L8
A ZRE SR AR o R, SR — S B S B —U, RS Bl AN oA 5 I,
AT RARLE I T — & URHL, (HAN KA ZE LA 2 T4 Mg P 1) BRLm] o f-id PELAR 330 mT DA Pk
AT EORI AR, IFH AT U T 008 o 10K 5 1545 HItf-idf T B OHE R AR T
T
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6.8 RAIME5

FENLPH, st ik 2 UM e — MR A BRI 5 . X EE G R0, B2 ERE
IR IS HRRE . filtn, iR E—D2FLL “la” 458, IBAeRA e — M2t
HF, W “Angela” B(#F “Layla”. 74k, WER—DMZFLL “im” 458, BABMRATHEE—1
BHAT, Bl “Tim” 30F “Jim”. EfT 0B FRRmeEtE NG, T DoREX AN S280
FET A A B

E2EA
(1) Bl —Python 1, FALLTREFAL:

import random

from nltk.corpus import names

from nltk import NaiveBayesClassifier

from nltk.classify import accuracy as nltk_accuracy

(2) 7 X —A~ T B A LI O RRE Y pREK
# BRIUHT N 18 0945 42

def gender_features(word, num_letters=2):
return {'feature': word[-num_letters:].lower ()}

(3) & Xmainkk%l, ToB—Lrbric IR .

if _ name_ _=='__main__':
# RIBARIT L AR
labeled_names = ([ (name, 'male') for name in names.words ('male.txt')] +
[ (name, 'female') for name in names.words('female.txt')])

(4) BLEREHLA BRI E, THRE LI -

random.seed (7)
random.shuffle (labeled_names)

(5) E X —Lhg AriE4
input_names = ['Leonardo', 'Amy', 'Sam']

(6) PFAATET 22 DA RETAT, RHVX NS HE N 1~5, BURIEHR AT, BRI
L IVRNANIDE NS i €

# HERAHENE
for 1 in range(l, 5):
print '\nNumber of letters:',6 1
featuresets = [ (gender_features(n, 1), gender) for (n, gender) in
labeled_names]
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(7) B85 73 R N ZRScd i S A R 4 -

train_set, test_set = featuresets[500:], featuresets[:500]
(8) FIANER DL Hir 73 e i 26 -

classifier = NaiveBayesClassifier.train(train_set)
(9) IZHe A A —METE 0 25 8 IORCR

# AT R B RSN

print 'Accuracy ==>', str (100 * nltk_accuracy (classifier, test_set)) + str('%")

# AT Sk 4R
for name in input_names:
print name, '==>', classifier.classify(gender_features (name, 1i))

(10) &FCIS E £ fE gender_identification.py U H . 81 TS, AJLIERmASIT LA
AN P 6-7 7 1) i 245

Number of letters: 1
Accuracy ==> 76.6%
Leonardo ==> male
Amy ==> female

Sam ==> male

Number of letters: 2
Accuracy ==> 80.2%
Leonardo ==> male
==> female
==> male

Number of letters: 3
Accuracy ==> 78.4%
Leonardo ==> male
==> female
==> female

Number of letters: 4
Accuracy ==> 71.6%
Leonardo ==> male
==> female
==> female

E  6-7

6.9 SHTRIFHIIER

TRRES HENLPERAZ WG N 2 — o 5T R85 E — Beah E B SCAS SRR 2 T Y
Wi, -, WATE A P VA = ATl RO T RN T —A4
FiE EEMAE L RO TR 2S5 P B4, WSS A sk BTRiss
P,
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6.9.1 FHTE
(1) Bl —Python X, FALTREFAL:

import nltk.classify.util
from nltk.classify import NaiveBayesClassifier
from nltk.corpus import movie_reviews

(2) % L= TR BURFIE R s %L

def extract_features(word_list):
return dict ([ (word, True) for word in word_list])

(3) BATHE LINGEE, X HUR AINLTREL AR L S Jds -

if _ name_ _=='__main__':
# e BRAME H TR
positive_fileids = movie_reviews.fileids('pos"')
negative_fileids = movie_reviews.fileids('neg"')

(4) B X SRR R S AU S FITH R PFIE -

features_positive = [ (extract_features(movie_reviews.words (fileids=[£f])),
'Positive') for f in positive_fileids]

= [ (extract_features (movie_reviews.words (fileids=[f])),

) for f in negative_fileids]

features_negative
'Negative'

(5) F5 Bt o N 2R B S A A Al 45 -
R HIER (80%) AMlRKHBR (20%)

threshold_factor = 0.8
threshold_positive = int (threshold_factor * len(features_positive))

threshold_negative = int (threshold_factor * len(features_negative))

=} £V
(6) PEEURFE «

features_train = features_positivel:threshold_positive] +
features_negativel[:threshold_negative]

features_test = features_positivel[threshold_positive:] +
features_negative[threshold_negative:]

print "\nNumber of training datapoints:", len(features_train)

print "Number of test datapoints:", len(features_test)

(7) FA TR HIRIANR DU 02685 . & SO G IFI1 %%

# DA FE NS A B

classifier = NaiveBayesClassifier.train(features_train)

print "\nAccuracy of the classifier:", nltk.classify.util.accuracy (classifier,
features_test)

(8) AP AN AL T Rt A AR AT fie A {5 B (0 BLI] o 3 ek 46 B ] LU RE W26 m]
PABIHZENBATE , BIRLEnT LIRS e . R HATEI R
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print "\nTop 10 most informative words:"
for item in classifier.most_informative_features()[:10]:
print item[0]

(9) A= —LEREHLA A T

# A Ry
input_reviews = [
"It is an amazing movie",
"This is a dull movie. I would never recommend it to anyone.",
"The cinematography is pretty great in this movie",
"The direction was terrible and the story was all over the place"

]
(10) fEX Ly A i) Lisf T deds, RAGHIMNES

print "\nPredictions:"

for review in input_reviews:
print "\nReview:", review
probdist = classifier.prob_classify(extract_features(review.split()))
pred_sentiment = probdist.max ()

A

(11) FTENH H
print "Predicted sentiment:", pred_sentiment _
print "Probability:", round(probdist.prob(pred_sentiment), 2)

(12) 2L T £ 7Esentiment_analysis.py XI5 . @170, FTLIAE 247 LES
A% 25 RAFE3INI Sy . DR R MERA L, nEl6-8f .

Number of training datapoints: 1600
Number of test datapoints: 400

Accuracy of the classifier: 0.735

Kl 6-8
(13) 8 3oyt b A R B R A e, WnEl6-9R o

Top 10 most informative words:
outstanding

insulting

vulnerable

ludicrous

uninvolving

astounding
avoids
fascination
animators
affecting

K 6-9
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(14) 5 = X A TR BN, A& 6-1087.

Predictions:

Review: It is an amazing movie
Predicted sentiment: Positive
Probability: 0.61

Review: This is a dull movie. I would never recommend it to anyone.
Predicted sentiment: Negative
Probability: @.77

Review: The cinematography is pretty great in this movie
Predicted sentiment: Positive
Probability: .67

Review: The direction was terrible and the story was all over the place
Predicted sentiment: Negative
Probability: .63

E  6-10

6.9.2 T{ERIE

AT FINLTR BANE DL 2 as b1 14325 . 7ERIE SR IR BT, FAT 1A LRI T
JI A FOnE—BAR] . SRTT, NLTK 2R s 2 i85 2 = i pas Sy, BRIt A 31 1 72 i
ke, FNLTK 20 4 s Oz 50

PR 7 N e S RS AR 5, nT ANz 2eds, DME a2 BRI o
WA F A 7 B IR 5], ] LUAE 20610 535 “outstanding” FnBITE, 1Ml “insulting”
FORHMIFE . XRAFFABNGELR, By ESURIRNTERIE T LIRSS

6.10 A EBEFIRAX AR

IR AR UM SO B R B n B, E B2 R I — 4 SO A Bl = s A, =
AR AT DATE A M 2 USRS, DMK B SO A 740 AT . ERR R NLPRF SR 1) — NS BRI, R
A] LAFEhttp://www.cs.columbia.edu/~blei/topicmodeling htmI £ & H LN, AT0F FH 5 gensim /& ,
FEMEATHE ORI Z 00, i IRRC %% Tk fE , BARL P 0T LI 2 % https://radimrehurek.
com/gensim/install.html,

6.10.1 FASE
(1) Bl —Python L, FALITREFAL:

from nltk.tokenize import RegexpTokenizer
from nltk.stem.snowball import SnowballStemmer
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from gensim import models, corpora
from nltk.corpus import stopwords

(2) 5 L—APRECK Inzkdm AZ s, AFKE H 2IA 542 fIE ¥ data_topic_modeling. txt SCAS SCA4: .

L% - &
def load_data (input_file):
data = []
with open(input_file, 'r') as f:
for line in f.readlines():
data.append(linel[:-117)

return data
(3) 5 LTI SCARY S o XA AL IR FEAR LY (X, I DN A SO i UL G 1Y
FHE :
# R LA
class Preprocessor (object) :
# A EAP RS ATANIE

def __init__ (self):
# AL BN AGA XA AT 25

self.tokenizer = RegexpTokenizer (r'\w+')
(4) AT AT, LEAHT IR AT L AR . S 2 3 _
W, Fln “in” “the” “is” 4.

#REAE H 39 ) A

self.stop_words_english = stopwords.words('english')

(5) & X—~Snowballii] T-HE 7 :

# 4l SnowballisFRIRKE
self.stemmer = SnowballStemmer ('english')

(6) 7E XL — AL BEpR KL, TASTHRCARDT . 5T LER Al i

#OARITRRAT. ABIRAE A8 TR
def process(self, input_text):

# ARITAEAT

tokens = self.tokenizer.tokenize (input_text.lower ())

(7) INSCAS i KB T

# AR M

tokens_stopwords = [x for x in tokens if not x in self.stop_words_english]

(8) XFhricigin] T4

#78THRI

tokens_stemmed = [self.stemmer.stem(x) for x in tokens_stopwords]
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(9) 1R AL PR JF BIARIE -
return tokens_stemmed

(10) & X —"PmainbR%. MO inacd A B «

if _ _name_ _=='__main__':
# A NRIE N
input_file = 'data_topic_modeling.txt'
# B A

data = load_data(input_file)
(1) FHFRATE SO L— X4

# AT %

preprocessor = Preprocessor ()

(12) A BESCFR ESCA, IS Bt BEGT AOpRIC -

# A2 AT 8 A

processed_tokens = [preprocessor.process(x) for x in data]

(13) B — N ETARIC SR B iR, T R

# QR T AR A #94) SL

dict_tokens = corpora.Dictionary (processed_tokens)

(14) FHALBLS AOFRTC A — > SCRS - 1R HE % «

# B A -9A 4B E
corpus = [dict_tokens.doc2bow(text) for text in processed_tokens]
(15) B SCAS AT LA A 8, AT B &K FI 52576 ( Latent Dirichlet Allocation,
LDA ) i =B, AR SHOT I I LLDARIARIXT 4 .
# 2 R R ) 0B AT R A AR LDAKE R

num_topics = 2
num_words = 4

ldamodel = models.ldamodel.LdaModel (corpus,
num_topics=num_topics, id2word=dict_tokens, passes=25)

(16) U A £, AT LR 2 B2 A i~ R TR B 1Y

print "\nMost contributing words to the topics:"
for item in ldamodel.print_topics (num_topics=num_topics, num_words=num_words) :
print "\nTopic", item[0], "==>", item[1]

(17) L3RI 2 A topic_modeling py SCPEFh 45, SBFF%INRS, ATLIE #6447 TR
iy as R E6- 11K
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Most contributing words to the topics:

Topic @ ==> 0.049*need + 0.030xyounger + 0.030xtalent + 0.030*train

Topic 1 ==> 0.064*need + 0.063*order + 0.038*encrypt + @.038*understand

K 6-11

6.10.2 T{E=IE

Fe A A i TR SR R A T X B RERAE B TRk S S A X BB FAR] AR A T DA
e FNE . ZFTEHIENZIAZL (regular expression ) Aricas, 2l R BRI A
b s s bR g B TR] (5 IR] R BR IR D — R B AR, DS F Rl 22 SR T DAk N — 2
FHiml (flan “is” F “the” ) BYMES TP, ZJ5, et iin Hea, DRI, Dk
FI A A BRI T AE— A SCAR ST T BB B B b FE AR (A A 0 Fh il 2 X RE S B |

AR T PR 5w 7R 3 A B AR A i F AR | B B KR B 7 53 AT K SCR R A W]
BRR A, XL “mhH” FAgE], X ok A RRIERA —E FOHER Y . BRSO
A BR R TR B e R, B AKOR S T A A e — A B R, 2B R R T 3
R, TR A R B A AR R T U SCRY 4] T LATE http://blog.echen.me/2011/08/22/introduction-
to-latent-dirichlet-allocation F $% 3| T Z 14041,

PRAT DUIAE R B S5 R P B R, WA “talent” F1 “train” FnizdhEB, 1A “encrypt”
FORBR T, X BAUGRES 1T ARH /N SCAR S, FEIXFE/ N SCA SCE R, A —LE LR AT fiE
HERAIB A, AR, GRS R R S kiz Tzt y, M,




A Y 3‘_—1_‘ n
EEﬂRﬁU

TERX—5, FAENZGLUT T

Q BEIBCRNZ il AR AR

Q K5I S K
Q AEXSHAERE IS
Q SHMFER

Q $RBUBUEREFE

Q B R SRR AR R

Q Gl —EE IR

7.1 &Y

TEE VUSSR U AR LA AR . AT IR, T R R A P SR, PR
WO ARG R SR AR Z SRR, BN SR a | RE S el e R
G

FIORTR B S5 5 2R 2R Rl — Ml & T A IR AR S S P ARZAFRICR,
PGS | g WL B SR, A TRMEE X —A i sl RS AR A2
AR, NIRRT IAREAN B i 8 . BUAE, FRAT A EEHLAS-tLRE LRI RE B 07 sUBE A 5

TEIE R4, OFEENIRTTE Tl Er A4 N5, BaniOoniet=# . B im0 0
BT TR RS, A S RO R W A SR T ) X —
g, AT T A — E IR B RR

7.2 EEVFNLGHI S INEE

AR AT BECE WO IR A5 ST i R B . O — M I iR, T RAEFRAT]
ARG 3ty PRARE U 5 RO EEAR G5 S TETT IR Z BT, 5 2 B 5 WS e S PR i 5 MBI 3K
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LR E IS RE ARSI . o TR R OIR X, 7 25 S S 2 TR
HERA AT BN, TEFFIE R 144100 HzROWERPEATRAE, DOl BRE BEADIP 55 B i il
441001, SRR IXLEAIARERLIRAT o Hmih i, BERR1/44100 AR —UAE . AACRAERIR
FHBRTE A O F I, 22 BOE BIME 5 R 2R o

FHER
(1) QEE—"Python 3, FFFALTRFH:

import numpy as np
import matplotlib.pyplot as plt
from scipy.io import wavfile

(2) i Fiwavfilefd Minput_read.wavH Sz B 45 SO -
# R A A

sampling_freq, audio = wavfile.read('input_read.wav')

(3) FTENEAME S HIA RS L

# AT AR

print '\nShape:', audio.shape

print 'Datatype:', audio.dtype

print 'Duration:', round(audio.shapel0] / float (sampling_freq), 3), 'seconds'

(4) ZE G S WAFRETE— D160 A FT 5B R B . Pl se( .
# AR RACHAE

audio = audio / (2.**15)
(5) PEHCAET30OMA, IR -

# RILAT30AME @ B
audio = audio[:30]

(6) Xt Ry lltt, BN, I HLXh 2% ORI R - HEA T4 -
# O 4

x_values = np.arange (0, len(audio), 1) / float (sampling_ freq)
(7) B ERAL I A D

# R

x_values *= 1000

(8) o HLim -

# @k EFETANY
plt.plot (x_values, audio, color='black'")
plt.xlabel ('Time (ms) ')
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plt.ylabel ('Amplitude")
plt.title('Audio signal')
plt.show()

(9) &EMUHE 2405 firead _plot.py 3CHFH . BATiZA WS, al LA BINE7- 1R ifE .

[ NON ] Figure 1
Audio signal
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B 71
(10) 7] LI BILHTED AN 7-2 0078 145

Shape: (132300,)

Datatype: int16
Duration: 3.0 seconds

K 72

7.3 REHESEHRAIE

TG SRR | EE AR ) IE S R AR G o IESL I AREIESZ %k . S5
FIIR N BB TARZAE B . 5L b, —AE0ES it AR N A dee . A b3
M RAE IR FRXAFELN . FEHITHETRMEIZ0, RTE T f—E BN (Fourier
transforms ) AU, W LIFERttp://www.thefouriertransform.com P Fk B PR A T/ 2H . R
Qnur g B S AR Rm

E24i B

(1) A —A4~Python X4, IS AU FRETFAL:
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import numpy as np
from scipy.io import wavfile
import matplotlib.pyplot as plt

(2) EeBtinput_freq.wav i 530 .

# RBE AL

sampling_freq, audio = wavfile.read('input_freg.wav')
(3) XMEZ A TR UEAL :

bR R

audio = audio / (2.**15)

4 EIUE S — P NumPy %, I AR O

# REBHEKE

len_audio = len(audio)

(5) H& T AA P AR e, (B AR RS T AP ORI, DRI R 5 e A5 5 (T 50
FA T HAR R RIT S, I 2k A5 A (EF 7 .

# BRAEZ et Tk

transformed_signal = np.fft.fft (audio)

half_length = np.ceil((len_audio + 1) / 2.0)
transformed_signal = abs(transformed_signal[0:half_length])
transformed_signal /= float (len_audio)

transformed_signal **= 2

(6) $EHUF KB

# R THRE

len_ts = len(transformed_signal)

(7) AR 5 K B 5 5 R A2

# HFER Mz 5 RA2

if len_audio % 2:
transformed_signal[l:len_ts] *= 2

else:
transformed_signal[l:len_ts-1] *= 2

(8) TRAF S HI T A2 A4 -

ORRAEG T

power = 10 * np.logl0l(transformed_signal)
(9) XEtZ Tl . 45T R T ZEAE RAE R XS H A TAR I, TP G R -
# 3 S ] 4y

x_values = np.arange (0, half_length, 1) * (sampling freq / len_ audio) / 1000.0

(10) 2% f5 5 -
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28

plt.figure()

plt.plot (x_values, power, color='black')
plt.xlabel ('Freq (in kHz)')

plt.ylabel ('Power (in dB)')

plt.show()

(11) E S B L4 35 fifreq_transform.py SCIFAR . as AT, 1 LA BIANE 7-3 s i 118

[ JoX ] Figure 1

Power (in dB)

-110

o 2% . . . " " .
.0 0.5 1.0 15 2.0 25 3.0 35

Freq (in kHz)
OO+ & &

K 7-3

7.4 BEXESBHERBMES

FATAT LU NumPy HE BE 5 o ATRIC 20, S5 S 2 —LE R 2 RS, M
FZI A A SR SRS 5 o

JEZ P
(1) A —4-Python X4, IS AU FRETFAL:

import numpy as np
import matplotlib.pyplot as plt
from scipy.io.wavfile import write

(2) 7 L= SR, T AR A B 4

¥R SUAEF IRt ok A

output_file = 'output_generated.wav'
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3) fEEEWAE RS . AR B3 sKERES, RAEHE 44100 Hz, 50050
HH587 Hzo BV F A (ERRE A—2xpiEl2xpi:

# A5 F AR A

duration = 3 # B3 A

sampling_freqg = 44100 # ¥ liHz

tone_freqg = 587

min_val = -2 * np.pi

max_val = 2 * np.pi

(4) AR VRS S S o H U S — A IR R R, HASES R e oE X

# EARFAGES
t = np.linspace(min_val, max_val, duration * sampling_freq)
audio = np.sin(2 * np.pi * tone_freqg * t)

(5) MR FHGIn—LEME

# gk B
noise = 0.4 * np.random.rand(duration * sampling_freq)
audio += noise

(6) e iXSLfEFEA N 160 AR, SRR ILARAE

# o lefa A E

scaling_factor = pow(2,15) - 1

audio_normalized = audio / np.max(np.abs(audio))
audio_scaled = np.intl6 (audio_normalized * scaling_factor)

(7) F5 55 5 Ak th SC

# BNk A

write(output_file, sampling_freq, audio_scaled)
(8) FIHIT 100 {E I 1% 15 5«

# RIUATL00AMA

audio = audio[:100]

(9) A I T

# AT 4

x_values = np.arange(0, len(audio), 1) / float (sampling_freq)

(10) K R T Al ) B e A N D
R I 6 A2 B ) A

x_values *= 1000

(11) %S

# 2EFAETAE
plt.plot (x_values, audio, color='black")
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plt.xlabel ('Time (ms) ')
plt.ylabel ('Amplitude')
plt.title('Audio signal')
plt.show()

(12) &AL E 20 & fE generate.py LA o BT, AT LI 200 E 7-4 B R 1 ES

e o Figure 1

200+ 8@

75 ARESR

PRAEHUE T Aey A AT, T T [ ) S B B A — 2695 2K . http://www.phy.mtu.edu/~suits/
notefreqs.html¥|2 T &R E B, GlaN4. G. D%, DISCEATAHRBMES, T IERE T B A B FRLy

7.
H 7o

TS
(1) AlEE—~Python 34, I AL FREFPAL:

import json

import numpy as np

from scipy.io.wavfile import write
import matplotlib.pyplot as plt

(2) LA e B, ZRREEE T A S BE A -



# LA
def synthesizer (freq, duration, amp=1.0, sampling_ freg=44100) :

(3) )z pt e Ay -
# QB 4

t = np.linspace(0, duration, duration * sampling_freq)
(4) JI A SRR REE R B, ABESIE AR

¥ MEFAET

audio = amp * np.sin(2 * np.pi * freg * t)
return audio.astype(np.intl6)
(5) /& Xmainphfi, FATHRMAL T304 Ftone_freq map.jsonfISONSUA:, % AL 4G — 2L
B LA R AT AR

if _ name_ _=='__main__ ':
tone_map_file = 'tone_freg map.json'
(6) n#kizscAt
#EBURF B A A
with open(tone_map_file, 'r') as f:
tone_freg_map = json.loads(f.read())

(7) B AR A B2 R G

# % E ARG I AR

tone input_tone = 'G'

duration = 2 # 245 A)
amplitude = 10000

sampling_freq = 44100 # ¥{iHz

(8) LA ZH0R FliZ pR % :

#OAERTH

synthesized_tone = synthesizer (tone_freqg map[input_tone], duration, amplitude,
sampling_freq)

(9) F5HE AR5 5 A St XA«
# B AHk A

write('output_tone.wav', sampling freq, synthesized_tone)

(10) FIRRERL AR A TIT SR, EMISEGI . RSB . Am— RS
MEBY, LEHA S ARAEGE . E — A By SO RrZemtfa] (Fb ) A9/F31

# TR A G
tone_seq = [('D', 0.3), ('G', 0.6), ('C', 0.5), ('A', 0.3), ('Asharp', 0.7)]
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(1) AP I A EN RIS M PR AL :

# MEETFEFIGTRES
output = np.array ([])
for item in tone_seq:
input_tone = item[0]
duration = item[1]
synthesized_tone = synthesizer (tone_freq map[input_tone], duration,
amplitude, sampling_freq)
output = np.append(output, synthesized_tone, axis=0)

(12) B2 E U555 At 3

¥ B Ak
write('output_tone_seqg.wav', sampling_freq, output)
(13) AL C 240 5 TEsynthesize_music.py X H . FHBAREAF4T Houtput_tone_seq.wav
ST, AR ] DU B 2R

7.6 REUTUBEFE

RITATHE T AMAREHE S5 ek . 78 280 B CE S PO R G, AT S H B RRAE o
WG S 5o Z 5, T B A e, /RN EE R # (Mel Frequency
Cepstrum Coefficient, MFCC ) 1] DAffHLX AN [m), MFCCE Jeit 555 TRk, SR g
i R BHCR % AR B A 20 G R AR EURRAIE o ANSR TR ZEPHAT], 7T LA A http:/practicaleryptography.
com/miscellaneous/machine-learning/guide-mel-frequency-cepstral-coefficients-mfces, 7ESFFTHE Tk
BY2F 2] Z 00, IR E 4 %% T python_speech featuresfl, “Z¢%¢45 Fg 1] L5 % http://python-
speech-features.readthedocs.org/en/latest, 1% F A28 WA #EHUMFCCHHIE

EMLE
(1) QA PythonSC I, IS ALL FRTAL:

import numpy as np

import matplotlib.pyplot as plt
from scipy.io import wavfile

from features import mfcc, logfbank

(2) EHtinput_freq.waviis A S

# BN F R LA

sampling_freq, audio = wavfile.read("input_freqg.wav")

(3) FEHUMFCCHIIT AR FFAIE «
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# RIRMFCCAeid i & 454
mfcc_features = mfcc(audio, sampling_freq)
filterbank_features = logfbank(audio, sampling_ freq)

) ITENSHL, AR WARES DDA

# ATEP AR
print '\nMFCC:\nNumber of windows =', mfcc_features.shapel0]
print 'Length of each feature =', mfcc_features.shapell]
print '\nFilter bank:\nNumber of windows =', filterbank_features. shapel[0]
print 'Length of each feature =', filterbank_ features.shapel[l]
N ==t Y
(5) 46 MPCCHEAE IO . FEEIE, AR KT 10
# @b AR

mfcc_features = mfcc_features.T
plt.matshow(mfcc_features)
plt.title('MFCC')

(6) Kb Peas A AE T AL o X AT BRI HEUE K19«

filterbank_ features = filterbank_ features.T
plt.matshow(filterbank_features)
plt.title('Filter bank')

plt.show()

(7) B E 440 fEextract_freq_features.py SCH4H . 124712/ CHS, AT LIASEANE7-50 7
FIMFCCHHIEEI& .

2oo+ @

(8) UBIE AR L EU G an & 7-6 T
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e e Figure 2

Filter bank
0 5 10 15 20 25 30 35

700+« B @

(9) Zeum i B an B 7-7 R R i 25 5

MFCC:
Number of windows = 40
Length of each feature = 13

Filter bank:
Number of windows = 40

Length of each feature = 26

Ko 7-7

7.7 RIERIRBRER

FEORAT LIHE TR &R T, AP BIBR S /RF KR (Hidden Markov Models, HMMs )
RAEEE P o BB IR AR AR A A7 I [R] 5 B ASEAY  [R S — AN A 5 [l e 2 —
AIFRIFIMES, PR SRR RS AL [ 1 T35 40055 A 3L s i i i 4o PR 25
AR, FRATH B PR R AR LEFRRCIRA, DUMEXTF S5 @8, /R 7T LA 7Ehttps://www.robots.ox.ac.
uk/~vgg/rg/slides/hmm.pdfer F 1 2 ¢ T R /RBFRB A o - T4 T R ANEE 2 Z 01T, THBI IR
PRE L4356 T hmmlearnfd, %2361 7] 45 F http:/hmmlearn.readthedocs. org/en/latest, & | K22 >]
e B e SRR R A A

FHLR
(1) Bl —Python 3L, 7E L— IR BIHE R T /RBRA .

# Q0 K KL HMMAR it A2

class HMMTrainer (object) :
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(2) Pilafeizds, N AR E IR R BB (Gaussian HMMs ) SRXJEHR AR . S48
n_componentsE X T BRER S AN, S8 cov_typeid X T BRI 22288, S50
n_iteri®E X T INZRIEEARIREL .

def __init_ (self, model_name='GaussianHMM', n_components=4, cov_type='diag"',
n_iter=1000) :

XS P E R TR K o A IEG A Se 250 & 3, A RER TG iz .
(3) Wih ALt .

self.model_name = model_name
self.n_components = n_components
self.cov_type = cov_type
self.n_iter = n_iter

self.models = []

(4) FILAT Z80E SR

if self.model_name == 'GaussianHMM':
self.model = hmm.GaussianHMM (n_components=self.n_components,
covariance_type=self.cov_type, n_iter=self.n_iter)
else:
raise TypeError ('Invalid model type')

(5) i AKHE — P NumPy %, B R R OCRARE — IR m R, B RRE A A S e

IS -

def train(self, X):
np.seterr(all="ignore")
self.models.append(self.model.fit (X))

(6) FT MR E SL— MR T 1% -

# A ARARE TR
def get_score(self, input_data):
return self.model.score(input_data)

(7) ATAAIEE T — D SORAEPREE S /R BHA B AN AT, H Rl i B — SR WA B
HBATEoL. T —TrR A — S R, S & fEspeech_recognizer.py I H

7.8 BIBE—MEFT IR

AT 5 B SRR R R TR U AR 3 BB 12 SO PR AT https://code.
google.com/archive/p/hmm-speech-recognition/downloads . HH 61 & 74N a] B Hd], I H AR
AT LSBT 5 2 1o — RN B AE , (H2 S TR AT TER i an e 1 — A5 R
BRI FPUINT A F A B . BTG 20— A — D R SR BHEAL . AR BT A A



144 FT7FE EFIRA

SCAFHR R, 5 BSOS R T T RO, IR e S A . T R T BIE AT — A
IR IRBER

E24i b
(1) Bl —Python3CfF, JFFALITRFAL:

import os
import argparse

import numpy as np

from scipy.io import wavfile
from hmmlearn import hmm
from features import mfcc

(2) 7 LA~ PR BCR AT AT I A S L

# RATET NS B
def build_arg_parser():
parser = argparse.ArgumentParser (description='Trains the HMM classifier')
parser.add_argument ("--input-folder", dest="input_folder", required=True,
help="Input folder containing the audio files insubfolders")
return parser

(3) % XmainpR%l, fEBTHIASEL:
if _ name_ _=='_ _main__':

args = build_arg_parser () .parse_args()
input_folder = args.input_folder

(4) VIR AL B R B A A Y A o
hmm_models = []
(5) ff T A 25 B A RS0t P S ) i A B AR

# AT SR

for dirname in os.listdir (input_folder) :

(6) FEHT AT 5K -

# ORI Uk B AR

subfolder = os.path.join(input_folder, dirname)

if not os.path.isdir (subfolder):

continue
(7) F3CMIe R RIAIZZEARIC . HILATE Jr 2R R i ok -
# RIARIT

label = subfolder[subfolder.rfind('/') + 1:]
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(8) WAL T I ZRAy At

# ML EE
X = np.array([])
y_words = []

(9) EAEE— A7 3 I R A F AR -
ORI FRICH (ARG AR

for filename in [x for x in os.listdir (subfolder) if x.endswith('.wav')][:-1]:

(10) BEBUERAFICF -

# EIREANE A A
filepath = os.path.join(subfolder, filename)
sampling_freq, audio = wavfile.read(filepath)

(11) $EHMFCCHFE -
# FRIUMFCCHHAE

mfcc_features = mfcc(audio, sampling_freq)
(12) FEMFCCHRHIE TR N 2] 545 5«

# CEMFCCHFAER M B|X T &
if len(X) ==
X = mfcc_features
else:
X = np.append (X, mfcc_features, axis=0)

(13) A A bR IC R B -

# R AARIT
y_words.append (label)

(14) — BAREUE YA AA SCIFRAE , 8T AN AR SR B IAEAL T, B R /R
PR — N TC B o7 > B AR UL, BT LIOF AN 2 HIRR IO AT X0 i — S i e ) AR oAb
o ARE R SRR — R SRR AR

# R AR

hmm_trainer = HMMTrainer ()
hmm_trainer.train (X)
hmm_models.append ( (hmm_trainer, label))
hmm_trainer = None

(15) FRI—DARBH T INZRAY IS5
# MRS

input_files = [
'data/pineapple/pineapplelb.wav',
'data/orange/orangel5.wav',
'data/apple/applel5.wav',
'data/kiwi/kiwil5.wav'

1
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(16) fiF b ASCIF
# ) B AR

for input_file in input_files:
(17) BEEURASE SO

# EIREAE R
sampling_freq, audio = wavfile.read(input_file)

(18) HEHUMFCCHHE .

# IRIUMFCC4FAE

mfcc_features = mfcc(audio, sampling_freq)
(19) 7 XA, A0l T A R S BB A i

# RXE®
max_score = None
output_label = None

(20) AR, Il B ML TR A SO

# 3k RHMMAE A 5 BT 5k 5 AR A
for item in hmm_models:
hmm_model, label = item

Q) =B EL, FRAT IR R EUA

score = hmm_model .get_score(mfcc_features)
if score > max_score:

max_score = score

output_label = label

(22) FTEPELSERY . BIWAIFRIC :

# ATERLER
print "\nTrue:", input_file[input_file.find('/')+1l:input_ file.rfind('/"')]
print "Predicted:", output_label

(23) HBACH . 20 % TEspeech_recognizer.py XAFH . 12T U, AT DIAE LG 2 4n & 7-8
R RS

True: pineapple
Predicted: pineapple

True: orange
Predicted: orange

True: apple
Predicted: apple

True: kiwi
Predicted: kiwi

K 7-8



B B 18] i 5 AN B B4R

13X —2, RAVHA LT £

Q B Bt i 1] e 5 X

Q VI ot a5 s

Q AR a7 s

Q MBS E] P81 el P e gt T Ay

Q B PSR B R S R B AR

Q BRI HI SRS Bl 2R FRE L
Q JHE SRR A RS2 T s

8.1 &

P ] 7 70 3B ol e A s ) 422 A WS B 1) 00 6 P 31 0 ok e el T AR A T SR8 1A
IF6 7 )[R BB PR TR SR AR 4 - P T] P 7 5 e S A AR A LD AR SR

FA T A B2 IR (IR HE R 1), B ATA H BN 60 5 AR 2 B iR 2L o an 2Rk
AR, WP B 1% S PPV EE AT S S RIS R P B, A dmm )
BB o

FATHY FAR A — R, 2R T I P 5 S R SRR, TRt ) 7 51)
FRACAY T BRFAE o AT LA X SeR i i) 25 T RE S UM BIARK , A8 7R PR R e ) AH 0GR
(1, el AR PTRER(EL, ol el P il T AR 25 e AL i

TR IRl S TR, FA T TR T T s bR PR s o i8] P 810 Kb A
T 4aml ., (5940 KA, PUET . MR i s W A P R EE i . FRAT]
T[] 8 ARG R 7 A b e A RS R B2 2% B R B, BB L Z R E & o ok
3 HrPython (4 i a] 51 HUI S £l .
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8.2 JFBIEEL IR HTEIFFIAEN

T T DA B AR — FR A WSR2 S Ry B 18] PP 9 S s T T T A A E AR B2 () T o A1)
¥ H 2 pandas R TS P 505 . FERET T3 FORM2E 2 Z 0T, IHH IR C 24341 T pandas
JiE, 4% AT A2 F http://pandas.pydata.org/pandas-docs/stable/install.htm.,

EMTE
(1) BIE—ASH BPython X, H AL T EEFAL:

import numpy as np
import pandas as pd
import matplotlib.pyplot as plt

(2) 78 L PRBOR LU A S, 2SR 7 5DURER 45 S48 Ry B ) 4 5 -
def convert_data_to_timeseries (input_file, column, verbose=False):

(3) XK B E AN SRS, HAp s —3I3F0R4, B IIFoRA, =51
SN B o RSN E I NumPy £ -

# B AN S
data = np.loadtxt (input_file, delimiter=',")

(4) PR AR ] B RS UFPHE B9, i SR — e h BN, M s )n —17 2
LAk HH. F iR Bnde aviean B2k H

# ARIATES B A Fe 240k B A
start_date = str(int(datal0,0])) + '-' + str(int(datal(0,1]))
end_date = str(int(datal[-1,0] + 1)) + '-' + str(int(datal-1,1]1% 12 + 1))

(5) XA REOAA — TR ARAS . I, SHIRXAMECV R, gATEI—L85 5 ITENHE 4R
AR 1 F H

if verbose:
print "\nStart date =", start_date
print "End date =", end_date

(6) Bl —pandasie, ZERAE T LA NEIFEAY H 51 .

# AEUAAABRRYGES
dates = pd.date_range(start_date, end_date, freg='M')

(7) BB 45 52 A8 S g I ] Fp A1 Bl . T URTAR AN A DRk se it (A2 RS ):
# B R A 7

data_timeseries = pd.Series(datal:,column], index=dates)
(8) FTER th IR 10T ER

if verbose:
print "\nTime series data:\n", data_timeseries[:10]
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(9) 3R [l i) 2R 5 AR ek
return data_timeseries

(10) & Ymainph%L:

if _ name_ =='__main__

(11) AR A P2 Y data_timeseries. txt X :
# M B

input_file = 'data_timeseries.txt'
(12) INERSCASSCHF RS =31, IR FL A5 R sl ] e 5 B -
# B A SR
column_num = 2
data_timeseries = convert_data_to_timeseries (input_file, column_num)

(13) pandasZEFAL T AR5 52 H A0 R ShRE , /RAT DA B e AR & FigdT
Bk MR MR

data_timeseries.plot ()
plt.title('Input data')

plt.show ()

(14) B E 25 FEconvert_to_timeseries.py SCI4H . iaF712A0S, ] LLAE 240 & 8-15r
NS

[ JON Figure 1

Input data

100

1949 1959 1969 1979 1989 1999 2009

» 00+ <&@

K 8-1
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8.3 VI RTBFHIEHE

X — TR Al pandas ) 73R ] 51088k, 5 BIAR AR 1] e 510450808 ) 25> B B A RA AR L
5 S 12T RRE A T Al T H A BRI 4R 1914

EZA P
(1) BB Python U, JES AL RFAL:
import numpy as np
import pandas as pd
import matplotlib.pyplot as plt
from convert_to_timeseries import convert_data_to_timeseries
(2) f AT — 49 A SCA SO, SO SO A B 64 580 43«

# BT ONBE

input_file = 'data_timeseries.txt'
N e — N
(3) X—U 0B =5 -
(L% &3
column_num = 2
data_timeseries = convert_data_to_timeseries (input_file, column_ num)

(4) fBUE FAT 14 BAR MR 20 1 RO AR AR A0 AN 1 L ARGy Z T s, T T R o L

# A E EALEFY
start = '2008"
end = '2015"

(5) ] 265 7 A 3 Y BT P PR 2

plt.figure()
data_timeseries[start:end] .plot ()
plt.title('Data from ' + start + ' to ' + end)

(6) 3 FT AFE L RE H I Fl N ) 2080 -
# B EAEFA

start = '2007-2"
end = '2007-11"

(7) 1 H R -
plt.figure()
data_timeseries|[start:end] .plot ()

plt.title('Data from ' + start + ' to ' + end)

plt.show ()
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(8) &HBCILE 40 & fEslicing_data.py XA B1TIZAAES, W LAE RN E8-2 i s i 4

foo+B@

E 82
(9) WnEI8-3 7 B EIG R R T B /NS Tl [l PN 5t , TR B A KA A8 Tl R A 3

200+ 8@

K 83
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8.4 1#R{ERTEFTIHE

BUAEBA VALE AT U1 50 B I s A Rdla gk 7, 38 TR GHUnfrEmt e 0 8 . IR
A U FOASIRI 7 3 8450 - pandasEFRAE T4 PR fa] 781 45 i 7 =X

LY ak
ML R
(1) BIEE—ASHi i Python U, IS ALUF P
import numpy as np
import pandas as pd
import matplotlib.pyplot as plt
from convert_to_timeseries import convert_data_to_timeseries

(2) i L —5 AR B SCAR S
OB

input_file = 'data_timeseries.txt'
(3) B HENEE = F RIS PU £ -
(L% &3

datal = convert_data_to_timeseries (input_file, 2)
data2 = convert_data_to_timeseries (input_file, 3)

(4) B BdE Ak Apandas £ i -
dataframe = pd.DataFrame({'first': datal, 'second': data2})

(5) I 265 7 A3 L 1R PR R 2l

# 28
dataframe['1952':'1955"] .plot ()
plt.title('Data overlapped on top of each other')

(6) B Bl 17 BRI 720 7 A 03 Y B A RIA I it i 51 Bt A A ), ad AL 7 S B .

# 3 R AE TR

plt.figure()

difference = dataframe['1952':'1955']['first'] - dataframe['1952':'1955"']['second"']
difference.plot ()

plt.title('Difference (first - second) ')

(7) QR A BB S — N RN 5 AR R A VR DB, P LA i X S S5 A D Pk o
# % “first” XKTFEARMAEL “second” )T EA WA
dataframe[ (dataframe['first'] > 60) & (dataframel['second'] < 20)]. plot()

plt.title('first > 60 and second < 20'")

plt.show ()
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(8) AU EL L2t & FEoperating_on_data.pySCIFH . @47, ATLIA AN EI8-4 P /N i)
F—IREA.

foo+ 8@

E 84
(9) anE8-5H 7 iR iR MG SRR AN 2 Ab o

foo+ 8@

K 85
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(10) nPEI8-6 77 2R — R MG Fs i g Eds .

00 @ Figure 3

oo+ 8@

Kl 8-6

8.5 METEFIIHKIEHIRINSGIHTHF

ST ] 51 9 RS 2 — S M SR IR A RS THE R  B EERAOA ST, Il
SIS IR PR 205 B o AR 43 AR X Se G R

32
(1) AIEE—8 ¥ Python U, TR ALLTFREFAL:
import numpy as np
import pandas as pd
import matplotlib.pyplot as plt
from convert_to_timeseries import convert_data_to_timeseries
(2) HIBNHT—55 IR SCA S
# B AR S

input_file = 'data_timeseries.txt'

(3) Iz A =H RN DU S K -

ERt#tXLRA lindorl(2948899818@qq.com) = EERMY
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(LR % &3

datal
data2

(4) B pandasEHE 28 H SR (R AEss e , 3

convert_data_to_timeseries (i
convert_data_to_timeseries (i

dataframe = pd.DataFrame ({'first': d.

print
print

(6) FTEP R Al A T A I (H -

# ATEPHMA
'"\nMean:\n', dataframe.mean/()
'"\nMean row-wise:\n', datafram

print
print

H24:

# ATER B ME

pd.rolling_mean (dataframe, window=24

nput_file, 2)
nput_file, 3)

XABHE A LG, A X A BRI .

atal, 'second': data2})
(5) B FORFEI— 2 155 . FH LA T AR SR U B A e/ MA
#4T B 5% K AL AR ME

"\nMaximum:\n', dataframe.max (
'"\nMinimum:\n', dataframe.min (

)
)

e.mean (1) [:10]

(7) WS ERAER RS0 A R T BGETT . Hid & A4 BN 2 — 25 5 AL BRI
o WIERAH R — G DR A RE SIE, JFARAR st g . X AR E 1R/

) .plot ()

(8) FHSAE FR KON T B Kt i A R AR A -

# ATepAR Kbk AR

print

'\nCorrelation coefficients:\n',

(9) FK/IN R 6 07 1 HC ) H

# 3k A Ae X
plt.figure()
pd.rolling_corr (dataframe['first'],

plt.show()

(10) Z=EBAAS L 20 % FEextract_stats.py SCIFH, 1217

8-7THI/~N

dataframe.corr()

dataframe['second'], window=60).plot ()

AR, T LA B AT Sh (e an
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oo+ 8@

& 87
(11) 28 W EUG T ARG, AnEI8-8 7 o

oo+ 8@

&l s8-8

BR#tXER lindorl(2948899818@qq.com) 5= EEhR
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(12) fEar A7 T HS Y E2RER 0y, TR Sl . B/IMEAE, WE8-9FR.,

Maximum:

dtype: float64

Minimum:

first 0.07
second 0.00
dtype: float64

Mean:

first 51.264529
second 49.695417
dtype: float64

K 89
(13) 7Ea AT T B S T 2884y, v LUE SRR T I AERIAR S R 8L, anE8-10/7R o

Mean row-wise:
1940-01-31 .885
1940-02-29 .135
1940-03-31 .305
1940-04-30 .545
1940-05-31 .395
1940-06-30 .695
1940-07-31 .875
1940-08-31 .255
1940-09-30 .880
1940-10-31 .720
Freq: M, dtype: float64

Correlation coefficients:
first second

first 1.000000 0.077607

second 0.077607 1.000000

Kl 8-10

8.6 $HXFIIHERERDRFRIRE

FRED/RBKER (HMMs) SEACPEF IV B AR TSR RMTTE, M T8, 55
RAT  FAT] P2 S, FRATTAAE XS e IR I 1) 28 A i B A G e SO R

ARAnr 7 A it e S B IR AT LA A A, HMMIs— MR U, X it vk
H— PR T HIRES, e DU AR, HMMsIERREXERITE 07X 58, X 5TRLE
A LU X 73 B E BRI S B AR HE, (R 2 n] DUREIE X 73 10 ) R AN RE AR S
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8.6.1 HEFTIE

B, FA 1w BB R AR LR K BIRECR . o T SCBBi, 752455 A S,

BIAMREE . SURSE, MIBTERPRS RN . X B, WEMRSEREINTRRE: R, PR
B WA T i ZHMMsI I 21, 7T LAfEhttps://www.robots.ox.ac.uk/~vgg/rg/slides/
hmm.pdf# 2| LIPS IS

A FH E hmmlearn>B B FIYIZEHMMSs , 1EE 78 R RIS 20T, IEHIIRIRE %% T

hmmlearn, Z45UiIHIEEE http://hmmlearn.readthedocs.org/en/latest,

8.6.2 TFHMIPRE

(1) Bl — S Python U1, ISP A LU FIEFAL .

import datetime
import numpy as np
import matplotlib.pyplot as plt

from hmmlearn.hmm import GaussianHMM

from convert_to_timeseries import convert_data_to_timeseries

(2) AP IR B data_hmm xtSCHF o ZOCFRARTIE SRR T . B TRIE3ME:

— MRS — DA ARSI . T TR E N E]— A NumPy B4

# AHT N A e £ B AR
input_file = 'data_hmm.txt'
data = np.loadtxt (input_file, delimiter=',")

(3) R Bt #2 BB A 7 1) HE B AR T3 Mr o AT BAEEAR LIS, oy A —

B, AHWERARA Z2 T — DIV 0T, AR T LT 1 B R S B .

ar,

# HEP DI 5 AR
X = np.column_stack([datal:,2]])

(4) 4B QI FIZRAMM., 73 B0 RO — e A TR PR B4 X R4 AL
WAL RS AR G . 1 P RBER X DS TERE L 1L -

# Q03 FF] 2R B A HMMAE A

print "\nTraining HMM...."

num_components = 4

model = GaussianHMM (n_components=num_components, covariance_ type="diag",
n_iter=1000)

model.fit (X)

(5) 117 T2 ASAS BRBOR 28 -

# FRMHMMA [ R A
hidden_states = model.predict (X)



8.6 A3t F 7| F B E AT RAF X AR 159

(6) THA X LERURCR A Y BIE AT 22 -

print "\nMeans and variances of hidden states:"
for i in range (model.n_components) :
print "\nHidden state", i+1
print "Mean =", round(model.means_[1][0], 3)
print "Variance =", round(np.diag(model.covars_[i])[0], 3)

(7) IEANFTA AT A, HMMZZ— DA AR, DR AR A1 0.0 07 (0 S dh O -4 JFC i 4

# ORAART A RS

num_samples = 1000

samples, _ = model.sample (num_samples)

plt.plot (np.arange (num_samples), samples([:,0], c='black')
plt.title('Number of components = ' + str (num_components))
plt.show()

(8) A E 28 & fehmm.py XPErf . 3817 U, w] LI BINE8- 11 s iR &

[ JoN ] Figure 1

Number of components = 4

-2

0 200 400 600 800 1000

£ 00+ &R

K 8-11

(9) ATLAHIn_component s B TIAYS, FHAEME LM, ME&SEH/EL, BTkl
AR E T 22 B BROHCIR S RN R [ 2 SR, ok S 5is e, HZs SR ani&l8-12



160 % 8% [ AF 55 Ao i AR

200+ 8@

K 812

(10) aRfr a1 2, EHRZBRF I, WES-130R.

po[o+<m@

El  8-13
(1) 7EAT AT TR, 7L SIAN1E8- 1478 i 4528

B R#tXE 5 lindorl(2948899818@qq.com) E= BERRN
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Training HMM....

Means and variances of hidden states:

Hidden state 1
Mean = 5.092
Variance = 0.677

Hidden state 2

Hidden state 3
Mean = 8.099
Variance = 0.678

Hidden state 4
Mean = 2.601
Variance = 0.257

K 8-14

8.7 SIXFFFIXAHIEREFHHENIH

£ 1RBE#13% ( Conditional Random Fields, CRFs) J&—MEFRMIRL, 2468 F T Hr ke 1k
Bl o AUERENL ARG BT FEE . 50FRENL SRS R RIM R, ErE— 3
SERRAL, R S IR B RAR AR — A B AL ZAEBENLI T 0 e s . IR . 15 . RIS,
FEX SRR | 2558 — AN HFRR L A, XX A P88 L —A 2 BRI o X 5 B S /R Bk
FARTIM , B /R B IAREL TE AR AREE RS 51 B 43T

871 HEI{E

Fe B IR A A IYARSE 2 i (4 i 2 5 AT Bl S SR A o IR B B IR AR I i o
1, AR PRI RERS LA —Fh et i 7 U AR . SR, IXAMBI AN B AGL . IR i 24
Firka AR AR T Z Al 5 o A5 PFREDLIAIRE TR SRR A B — A T BN et A AR 4%
PFRER), WRLRUL, AFREYLIARRI A B 1WA RSV . At ZFREL
DA — S TR S R BRI B b T o SR AFRERLR A e TR =2 AR ME B TS 0T
SR AR T B B RBRERY . X — T R AT AR R L R 7 B

ALK I B pystruct FERAGIE FIVNZR SR AFBENLY o TEVEATHE T ORIG-2] Z0T, IERIRE &
AT E, LU ] A F https:/pystruct.github.io/installation.html.,
8.7.2 FHALE

(1) BIEE—AH i Python X, JERALTRFAL:

import os
import argparse
import cPickle as pickle
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import numpy as np

import matplotlib.pyplot as plt

from pystruct.datasets import load_letters
from pystruct.models import ChainCRF

from pystruct.learners import FrankWolfeSSVM

(2) & XL—NSHUENT A, IR CEE N MASEL. c— MBS, 2SR R
BRI EARRR R, AR E—fbine
def build_arg_parser () :
parser argparse.ArgumentParser (description="'Trains the CRF classifier')
parser.add_argument ("--c-value", dest="c_value", required=False, type=float,

default=1.0, help="The C value that will be used for training")
return parser

(3) 7 L—AE T A 5 CRFAHCAL H 25 «
class CRFTrainer (object):
(4) % X—A~init REGFRIR L HAE :

def __init__ (self, c_value, classifier_name='ChainCRF'):
self.c_value = c_value

self.classifier_name = classifier_name
(5) TR I EER SRR R AT s . 3% AT EN E— MR A
if self.classifier_name == 'ChainCRF':

model = ChainCRF ()

(6) E L—MTELMBENIE AP TR Z B 02588 XA Z#HFEEHN (Support Vector
Machine ) 33 :

self.clf = FrankWolfeSSVM (model=model, C=self.c_value, max_iter=50)
else:

raise TypeError ('Invalid classifier type')
(7) IERFREARAE . X B EE AE R R L R A DGR . BB SR T
FROEI i, BT AT ST EUR o B Fnl i o A BN B i, i AR T A SR /NG b

def load_data(self):
letters = load_letters()

(8) INFRAHE AR 25 I AR N A 72 k-

X, vy, folds = letters['data'], letters['labels'], letters['folds']
X, vy = np.array(X), np.array(y)
return X, y, folds

(9) X —INGTr ik
# R AR A —Anumpy e, B AGSER (TR, Rl

def train(self, X_train, y_train):
self.clf.fit (X_train, y_train)
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(10) %E L— NIRRT R P BE -

def evaluate(self, X_test, y_test):
return self.clf.score(X_test, y_test)

(1) X —ATrik, RoFrBdEst T

# A RBEITHSRE
def classify(self, input_data):
return self.clf.predict (input_data) [0]

(12) XL FHREAE G S VB PR T o O 1A i Hh PR AR R
HFHE P IE LA PR T X FE A e -

K
2
b
Et
s
X
5
1{3‘;;
o
Pand
S

def decoder (arr) :

alphabets = 'abcdefghijklmnopgrstuvwxyz'
output = ''
for i in arr:

output += alphabets[i]

return output
(13) & Xmain PREOTTHT ASEL
if _ name_ =='__main__ ':

args = build_arg_parser () .parse_args()
c_value = args.c_value

(14) FIZE AR LA i

crf = CRFTrainer (c_value)
(15) iz b4 -

X, vy, folds = crf.load_datal)
(16) et 73 LN S5t S AN R 4 -

X_train, X_test X[folds == 1], X[folds != 1]
y_train, y_test = y[folds == 1], y[folds != 1]

(17) YIZRCRFAEAY .

print "\nTraining the CRF model..."
crf.train(X_train, y_train)

(18) PEH CRFBHY HyMEfE -

score = crf.evaluate(X_test, y_test)
print "\nAccuracy score =", str(round(score*100, 2)) + '$%'

(19) A —FEALIN B, JF AR T e i -
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print "\nTrue label =", decoder(y_test[0])
predicted_output = crf.classify ([X_test[0]])
print "Predicted output =", decoder (predicted_output)

(20) EFRCHE O LS fEerfpy X . 121120, WTLVE BIfEar 44T T A B R & 8-15
Py i gs = . IEURE RN, XASFRIRRN1ZJE “commanding”, 1125 FBENLI7 M AIAR T4 7
T IXAEER

Training the CRF model...

Accuracy score = 78.05%

True label = ommanding
Predicted output = ommanging

K 8-15

8.8 MR RBMXREESTIREDANIE

AR RS S R B AR TN S o P vl S i e M B g o T e S Sl 18], LR
PRI H A% SORAZUN . 7EEF R B4R 7UE¥'J%/|\/A79’JE§Em§ﬂE%HT [H)iEpa
SO B SR BIRARLR A R , 0] T M iR A ] RS ESdE o X — R P X SE 1 7y
i

SR
(1) QIEE— B Python L, JHFALLFREFAL:
import datetime

import numpy as np

import matplotlib.pyplot as plt

from matplotlib.finance import quotes_historical_yahoo_ochl
from hmmlearn.hmm import GaussianHMM

(2) \NHEIEIAZ: ( Yahoo finance ) FRIUKEEH A . FEmatplotlib/ZE A — > eREC T DL ELHE N2

AR R I O B AR
quotes = quotes_historical_yahoo_ochl ("INTC", datetime.date (1994, 4, 5),
datetime.date (2015, 7, 3))

G) BB T 6ME. T ISRBUHSCHEE , AN AL A — 5 I 3] A B S A s

# RINE R BL

dates = np.array ([quote[0] for quote in quotes], dtype=np.int)
closing_values = np.array ([quote[2] for guote in quotes])
volume_of_shares = np.array ([quote[5] for quote in quotes]) [1:]
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(4) TR RACELT L, PR Al — S

# O HAERKEN G TE
diff_percentage = 100.0 * np.diff(closing_values) / closing_ values[:-1]

dates = dates|[1l:]
5) BB Ty e, DUBPEIIZR:

# FENEERHFHeALR

X = np.column_stack([diff_percentage, volume_of_shares])

(6) JISA LA B IR B AR AL ¢

A0 I 25 3 S HMMAE B

print "\nTraining HMM...."

model = GaussianHMM (n_components=5, covariance_type="diag", n_ 1ter=1000)

model.fit (X)

(7) A= 15 0 047 BRI F I ZRBR B SR B ASEAY Il i

# ORI A R AR
num_samples = 500
samples, _ = model.sample (num_samples)

plt.plot (np.arange (num_samples), samples[:,0], c='black")
plt.show()

(8) &ML E A & /Ehmm_stock.py SXFH . isF1iZAS, AT LLE 2 S-16 TR I EUZ

o0 ® Figure 1

oo+ =@

K 8-16
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BRAB I

TERX—5, FAENZGLUT T

QO AOpenCV-Pyhont#: A4 Kl 1%

Q A3

Q 4 EfEE

Q K M

Q K SIFTHRE &

Q A& StarfEfIEKT I 2%

O I R0 B TR A R i) et A B SRR
O FHBELARIN GRS 7 2545

Q AlEE— X

9.1 &Y

WEANATTE— DT A AL B | S04 A B SRR N A IS fERR N A b, &
MR ZFH AN E TR TA T UGS G B . TN G AR 2 J7 T i) 15 A
I HbR] AR BEAGTE . 3DEE, eI R A RARE K E AU A
By, AL E L B ARt TS LR B R R E R 58

TR CIE 2 GO T o ARG GE T, AL T I TR 2R AL B, 43
QAN | S ASAEBRADE . TR R A AT U, TR E T AR B, A
PO 3DEME . A5 A LA T A SR . BEE AT E AR, FAT T R
A A LSBT TR, 26 T15 S A R IBC X LSRR A A . (AT — s,
1o JE IR AT AR AR R U AT A i HH 528

KA W — AU TR S FIRAE B 2R G A R AE
R GONX EURHEA TS . UG AL B R e ) i ARV HH A2 LR, TR PR B TG .
J7 R B A s G 46 o TR USSR A 1 PR A BB A AT AT 55« A bl e
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G, FATBAAHE G 223, Hlan7emt- S 2Pl se 5idE , R LS Bh B C AT G
XFRUA B AR . THENE R GE 04 2245 8 BUR RI3DS st A, XA AR AT LU
AAIERY, M TR 2

X — 4 FH 3 OpenCVIFE K431 K15 . OpenCVIE i 5t | e 2 Wl iU, T
OpenCVE AN TR - G4 T EEUifl, ©CRBU A S SihnifE . TEdRgss 4% T
KHIAEZHT, TE PR TEPython iy SCHF T 2688 173X AN o R W] LATEhttp://opencv.org I 2k I 48 %¢
OpenCV., A4 XAFENERGEMTEA LU, 7] LS55 Wl i SCRSHE 47

9.2 F OpenCV-Pyhon #21EE&

N A E AT OpenCV-PythontRAE IR . X —FPf 0 G anfar nof s B8, I Zindi]
BT PR/ BCKS FUG DR 2 SO PE

E AP
(1) BEE— " Python {4, F-# ALLNRFAL:
import sys

import cv2
import numpy as np

(2) TRE ARG N SRR — D28, IR R BRI S H ., XA Hoke ]
Fl|forest.jpg:

# MBI R TFEMLorest. jpg
input_file = sys.argvi[l]
img = cv2.imread (input_file)

(3) Wk ARI1E

cv2.imshow('Original’, img)

(4) BRI Z R . RBUmA BRI S EMTERE, RS f et
# A BH®

h, w = img.shapel[:2]
start_row, end_row = int(0.21*h), int (0.73*h)
start_col, end_col= int(0.37*w), int(0.92*w)

(5) HINumPy=XCHII 70T sEBT IR, IR RS ok -

img_cropped = img[start_row:end_row, start_col:end_col]
cv2.imshow ('Cropped', img_cropped)

(6) R EER/INIRE Jy LSUG I/ N 1. 348, FPRE RS R -
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# A EAR KO
scaling_factor = 1.3
img_scaled = cv2.resize(img, None, fx=scaling_factor, fy=scaling_ factor,

interpolation=cv2.INTER_LINEAR)
cv2.imshow('Uniform resizing', img_scaled)

(7) ZRTHTT BRI ST AR YRS 4 RIS e TN 1A BT E e — B A T
ATRUTRA P ACHS S22 -

img_scaled = cv2.resize(img, (250, 400), interpolation=cv2.INTER_ AREA)
cv2.imshow ('Skewed resizing', img_scaled)

(8) B ORATF 2 i 3 S A«

¥ RAEBR

output_file = input_filel[:-4] + '_cropped.jpg’'

cv2.imwrite (output_file, img_cropped)

cv2.waitKey ()

(9) waitKey PRELTR R ER, BB MM LT — R,

(10) 2L T 2 fE operating_on_images.py SCIFH 25 1 1247124 0S, FTLAA BI4NE9-1 7R
ERETPNELE

K91
(11) 58 e s RUS R R fe O RS, I 9-2F 7
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K 92
(12) 26 = M MG 2 4 P 24 20 i 4 R NE S, WnEI9-3FT7R o

Uniform resizing

R - A

& 93
(13) 25 DU G2 AU — AR BE PR EE /NG B RIS, P 9-410 7 .
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Skewed resizing

9.3 1Mz

BRI F AU i B EAR Z —, WHITEIR Z N B B AR P 5 RN 4
QAT FHAS [5] B4 2 RGN o A iy A PR A 322

EZA P
(1) Bl —APython S, FHF AL TNFEFAL:
import sys

import cv2
import numpy as np

(2) Iz AE1S, A5 2 chairjpg:

# B ARKchair. jpg, HHEAIEE
input_file = sys.argv([1l]
img = cv2.imread(input_file, cv2.IMREAD_GRAYSCALE)
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(3) R A &5 o E AN G 2

h, w = img.shape

(4) BRDURER S (Sobel filter ) SZ—Fhififillgs, B3 x 3PAZ KA K10 A B3l .
PR AT LAEEhttp://www.tutorialspoint.com/dip/sobel _operator.htm# & 2| £ U /RIEP AR M5 B, JE
BT DUR KA 5 -

sobel_horizontal = cv2.Sobel (img, cv2.CV_64F, 1, 0, ksize=5)
(5) 11T AR VUK T A % «
sobel_vertical = cv2.Sobel (img, cv2.CV_64F, 0, 1, ksize=5)

(6) RIERETIBHMEE ( Laplacian edge detector ) o] LUK I B A~ J7 1] b3 AR AT LAFE
http://homepages.inf.ed.ac.uk/rbf/HIPR2/log. htm#K EHE ZAHI AN . & LA Hr Ak s an F

laplacian = cv2.Laplacian(img, cv2.CV_64F)

(7) RSP PIRI ZS TR AN T2 DL R AN ER AN AL, B -7 S0 A 25 A i 1 475
SR IR Z MR . CannyiZi#&iMZ§ ( Canny edge detector ) 7 A bk M A [ 15Uy TN Tt H 30 16
MES R DURIIAE IS . Canny RN #8 & — 0B Be AL B R, & 2 TR ek o K
YEHE, RAT LAFEhttp://homepages.inf.ed.ac.uk/rbf/HIPR2/canny.htm T fi# 85 Z2 A1 G405 .

canny = cv2.Canny (img, 50, 240)

(8) W R T A A4 R

cv2.imshow('Original', img)
cv2.imshow ('Sobel horizontal', sobel_horizontal)

cv2.imshow('Laplacian', laplacian)

( 1
( 1
cv2.imshow ('Sobel vertical', sobel_vertical)
( 1
cv2.imshow('Canny', canny)

cv2.waitKey ()

(9) &HBIE L edge_detectorpy X 2a . iB1TIZAHS, W] LUE B R ih ki A BHR an &l
9-517R
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L ER iDL SR o

BB IN F ) 1 R BRI B

B REARIN HH A E A7 1) L AR

SR IR

JIN

(10) 4n[E9-6fr

B R B R — K G 2%
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(11) 2% DL R 36 EAG I 2% i B AN 9-7 IR

E 97
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(13) Canny A I B dF ks N T AT AL, NIET9-9F 7R

9.4 EHFEEMHEWE

B 75 B EHOR I B AR AR R LIS PR AT Hea St e . A RYIRIS E0CxT L, Xl
ST AL BeA B BEARBIL R SR 2 F BT B B (R R B Ar R . AR, BT 1E
IR TR AR A A R o 7R AR B 4 PR A — AN D, 71X — T 19 20 ok 2 31
R B G o S B BT BRI

EZA P
(1) Bl —A~Python L1, JF-FALITREFAL:
import sys

import cv2
import numpy as np

(2) ks A EIG  X A7 ] sunrise.jpg :
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# mEMABMHsunrise. jpg
input_file = sys.argv[1l]
img = cv2.imread (input_file)

(3) RN I BE T A FL AR H Ok

# HNUHRER
img_gray = cv2.cvtColor (img, cv2.COLOR_BGR2GRAY)
cv2.imshow ('Input grayscale image', img_gray)
i HY — i)
(4) M I B EUR I BT, IR R Sk
# Ay R
img_gray_histeq = cv2.equalizeHist (img_gray)
cv2.imshow ('Histogram equalized - grayscale', img_gray_histeq)

(5) A TR AR AT, FEMNBIANET LR, B BISMEOGE 1] T2 5
Wil — P RGBEUE 3 ECEE AT AL, PRI BEXT 0 L3 18 Sl i i By 3 s fb . 7RSO
fARAEZ A, TR (E RN EE R b s ik, iy, Bl Rl yuv e s, 1
MrYiEIE, RJEH L FIRGBIF G 8 it . W2 X TYUVEOES MMM A &F
http://softpixel.com/~cwright/programming/colorspace/yuv, OpenCVERIA FIBGRAEZINEL E 1%,
I E e H M BGREE AL YUV :

# B BB AT R
img_yuv = cv2.cvtColor (img, cv2.COLOR_BGR2YUV)

(6) Y Y iH i :
img_yuv[:,:,0] = cv2.equalizeHist (img_yuv[:,:,0])
(7) ¥4 HF A5 T BGR :

img_histeqg = cv2.cvtColor (img_yuv, cv2.COLOR_YUV2BGR)
(8) S AT N -

cv2.imshow('Input color image',6 1img)
cv2.imshow('Histogram equalized - color', img_histeq)

cv2.waitKey ()

(9) &S AE C Zhistogram_equalizer.py SCIFH 25, BT, vTLAE B LA A BHZ
nE9-10F 7



Input grayscale image

E  9-10

(10) FLJ7 A Al BES /Y R AN 9- 1187

Histogram equalized - grayscale

K 9-11

9.5 #MEMA

BRI E T AHLALSE (9 — D EEIAT, e BT SR S 8 o I TP K
KGR Ge i P AR R R 2 —
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jE 2Pl
(1) B — " Python 3L, I FALLNRRFAL:
import sys

import cv2
import numpy as np

(2) Iz A& & . A BRI EIbox.png:

# e A box.png

input_file = sys.argv[1l]

img = cv2.imread (input_file)
cv2.imshow('Input image', img)

) R EUGEL J IR RE , JFRE R SN 17 R 3 A (BRI TR A A i 7

img_gray = cv2.cvtColor (img, cv2.COLOR_BGR2GRAY)
img_gray = np.float32(img_gray)

(4) XK FE R G ia 17 BEr AN 2% ( Harris corner detector ) BRAL, /K 1] L 7Ehttp://docs.opency.

org/3.0-beta/doc/py _tutorials/py feature2d/py features harris/py features harris.html #x & 5 £ iy H
S ARSI 2% A TR A A 2

# oh Tl A B

img_harris cv2.cornerHarris (img_gray, 7, 5, 0.04)

(5) M THRiCHS, FEBRER:

# K BRARRITAR A

img_harris = cv2.dilate(img_harris, None)
(6) 7 X b FE L 5N E B

¥ REEE TR

img[img_harris > 0.01 * img_harris.max()] = [0, 0, 0] _
(7) ok R
cv2.imshow('Harris Corners', img)

cv2.waitKey ()

(8) &EBIE LA Ecomer_detector.py CAF 45 . 1B1TIZAS, 7T LUE B 465 A BHR an &l
9-12J171~ o



Input image

K 9-12

(9) Atz A Ak RS 9 RLR AN 9- 13 BT 7

Harris Corners

K 9-13

9.6 #M SIFT 4H1F =

REATHFETHE ( Scale Invariant Feature Transform, SIFT ) J& 3132000 v STk i H ) i) der
fEZ — . David Lowe B I 7E Hit SCH 42 tHiZ 45 1iE , B AK AT 2% https://www.cs.ubc.ca/~lowe/
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papers/ijev04.pdf, BUJE, SIFTRCH EMGIRBIFEMR N2 r s A R FRIE 2 —, BTER/D.
Jria) . XF HC RSy e AT B e . SIFT 2 HARFEB R Ge Ry At . 4T A28 W] #6:) 1x
SRR A

FRTE
(1) AEE—"Python3Cff, JFFALLTREFAL:
import sys

import cv2
import numpy as np

(2) m#m AE1G . ABLH H $table.jpg :
# mFH A% table. jpg

input_file = sys.argv[1l]
img = cv2.imread(input_file)

(3) FEBEL IR -
img_gray = cv2.cvtColor (img, cv2.COLOR_BGR2GRAY)
(4) WA AL STFTAG I 25 0 G I F R HUOGHH A

sift = cv2.xfeatures2d.SIFT create()
keypoints = sift.detect (img_gray, None)

(5) PTG SURFR R I B, (HEADEARRE, XEA A5 TR AN E
SIFTiE A] LIVE AR WA R AFE SR RS, X — SORHE SR T f 3 — b e 41

(6) TEA A UG L1t DGR

img_sift = np.copy (img)

cv2.drawKeypoints (img, keypoints, img_sift, flags=cv2.DRAW_
MATCHES_FLAGS_DRAW_RICH_KEYPOINTS)

(7) sk AFgG H S

cv2.imshow('Input image', img)
cv2.imshow ('SIFT features', img_sift)
cv2.waitKey ()

(8) =EBIAL L £ fE feature_detector.py SCIFH 45 o B4 TIZA0AS , W] LI 215G A G an il
9-1417R



Input image

(9) it R ANE9-15 7

080 SIFT features

9.7 fI)iE Star 43EEN2E

SIFTH LRI AR AEAR 2 5 P ARG, (FUR, SR BRI RGeS, 7EAISIFTAR I AHIE
ZHT, ATRE E B — A AR TN AR , X BT REAS I i R 2 B A R RO BREHOR R
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HERPERE . X — 9B 3| StardFHER MBS ( Star feature detector ), A& HAEREZRFL,

DR
(1) AEE—"Python3Cff, JFFALLTFREFAL:

import sys

import cv2
import numpy as np

(2) B L —2, FITAEHRS Stark A AH S Y BREL

class StarFeatureDetector (object) :
def __init__(self):
self.detector = cv2.xfeatures2d.StarDetector_create()

(3) 5E X — Xy A PGB A TSI 2 14 PR -

def detect (self, img):
return self.detector.detect (img)

(4) TEmainPRECFOIMZESS A ES . AEPK F % table jpg:

if _ name_ =='_ _main___
# MmFZAgtable. jpg
input_file = sys.argv([1l]
input_img = cv2.imread(input_file)

(5) Hs R HE g IK %

# A KRER
img_gray = cv2.cvtColor (input_img, cv2.COLOR_BGR2GRAY)

(6) FHStar R HEAG I g I A AE -

# B StardF e B4 m k45 A

keypoints = StarFeatureDetector () .detect (input_img)
(7) i e A AR A DB

cv2.drawKeypoints (input_img, keypoints, input_img,
flags=cv2.DRAW_MATCHES_FLAGS_DRAW_RICH_KEYPOINTS)

(8) ki H A

cv2.imshow ('Star features', input_img)
cv2.waitKey ()

(9) &FRAGE LA star_detector.py KA 45 HH o 2171240, 1T LA 2 R iR A G an & 9-16
JR
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®
Ne)
o

Star features

K 9-16

9.8 FIAMTERAMEESWEBIFE

T A IR RS, T B AR IE G P SRIBURAIE 0] o SR IEUGH 2 — Ul bs
&, DHTIERS . FRATH— LSR8 A i o QU R P UIbR S . TEVIZRER e, X5
ARFA o, TR OCT R AR . FNTH ) A 5 AR 2R s A T R ST
F e X SR E SRS A G R, IR/ 41 T LAZ % http://mi.eng.cam.ac.uk/~
cipolla/lectures/PartIB/old/IB-visualcodebook.pdf,

TETF IR EE TR 22 Z 00, IR RRC 2 — S ZRIEIR . AL T & 32 il
GREE, BT 200 K%, XL E & ] LLTE htp://www.vision.caltech.edu/html-files/
archive.html T %,

H 7RI AMERE R BAR U RS, R BRI AR 2O — R 2 s g
Caltech256, ‘256K EMG , H—RMA & LT B EHE . ¥RAT LLfEhttp:/www.vision.caltech.
edu/Image_Datasets/Caltech256 I 2z 54 .

E24i b

(1) B2~ A B, PR A 20— S0 o i R A, 2P U 2 2 7Ebuild_features.py
S A . RS A BREURAIE A2

class FeatureBuilder (object) :
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(2) 7 L= ME A S SEBURIE R T4k o 1 TR T Starki N 25 RAF S HE, SRS FHSTFTHRHL
LA EBE A S

def extract_features(self, img):
keypoints = StarFeatureDetector () .detect (img)
keypoints, feature_vectors = compute_sift_features(img, keypoints)
return feature_vectors

(3) }J\T{%‘ qu\':'jj:/?EE’ijEP [_J/\\\:

def get_codewords (self, input_map, scaling_size, max_samples=12):
keypoints_all = []

count = 0
cur_class = "'

(4) BRIEPEEAR 2 A ORI IR (R B o X BV AU —/ NI LS, ROk sl R A 2
K HEARK AU -

for item in input_map:
if count >= max_samples:
if cur_class != item['object_class']:
count = 0
else:
continue

count += 1

(5) e REATEN ok -
if count == max_samples:
print "Built centroids for", item['object_class']
(6) HRBCHHTARZE
cur_class = item['object_class']

(7) G IREEH RN

img = cv2.imread(item['image_path'])
img = resize_image(img, scaling_size)

(8) BB HEFEHCN 128 HEIURFE «

num_dims = 128
feature_vectors = self.extract_features (img)
keypoints_all.extend(feature_vectors)

O) MR AR E S . MEBEWE—TNAER “TETA", BZHRMNHTS%

http://www.data-compression.com/vq.shtml :

kmeans, centroids = BagOfWords () .cluster (keypoints_all)
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return kmeans, centroids
(10) & X —MFERAD BRI AR AN ) A -

class BagOfWords (object) :
def __init_ (self, num_clusters=32):
self.num_dims = 128
self.num_clusters = num_clusters
self.num_retries = 10

(11) & L—AIr gk i Ao T fk-means B2k 2B :

def cluster (self, datapoints):
kmeans = KMeans (self.num_clusters,
n_init=max(self.num_retries, 1),
max_iter=10, tol=1.0)

(12) $HBCfLe

res = kmeans.fit (datapoints)
centroids = res.cluster_centers_
return kmeans, centroids

(13) & L=k H— e 58

def normalize(self, input_data):
sum_input = np.sum(input_data)

if sum_input > 0:

return input_data / sum_input
else:

return input_data

(14) 7E SL— DT EERARFHFFAE ) 1 -

def construct_feature(self, img, kmeans, centroids):
keypoints = StarFeatureDetector () .detect (img)
keypoints, feature_vectors = compute_sift_features(img, keypoints)
labels = kmeans.predict (feature_vectors)
feature_vector = np.zeros(self.num_clusters)

(15) i —> BT DA I —1E

for i1, item in enumerate (feature_vectors):
feature_vector[labels[i]] += 1

feature_vector_img = np.reshape(feature_vector,
((1, feature_vector.shapel[0])))
return self.normalize(feature_vector_img)

(16) & L—"J7 R PEHLSIF TR -

# RILSIFT4FAE
def compute_sift_features(img, keypoints):
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if img is None:
raise TypeError ('Invalid input image')

img_gray = cv2.cvtColor (img, cv2.COLOR_BGR2GRAY)

keypoints, descriptors = cv2.xfeatures2d.SIFT_create().compute (img_gray,
keypoints)

return keypoints, descriptors

IEMZ R, ST 2% build_features.py X4, AT LAUHLL T i 20RIE 174005 :

$ python build features.py --data-folder /path/to/training images/ --codebook-file
codebook.pkl --feature-map-file feature_map.pkl

2EHU PR PSSO, 433 R codebook. pklfifeature. map.pkl, T — 5 HOBE FH 23X B4~ S

9.9 MRIRBEHLARMIIZRE K 7 237

AT K R umFEAL #x 4K ( Extremely Random Forests, ERF ) Rl Zk[&{% 02548, — N HARMA
SRGEHIE R EUGR 3 B8R KR s 2 2 B2 b . ERFEENLAR 2% ) SR H AT, IWERF
ELA R o B RN LU AORS B AT B o FRATTE T U A RRAEAS e — SRR, JF Bt I 2R A~ 4%
ARSI TE B D O . T 22 BE AL AR AR Y TE 48 N 28 T 2 5 https://www.stat.berkeley.edu/~breiman/
RandomPForests/cc_home.htm, T ZERF/Y N A 1] £ % http://www.montefiore.ulg.ac.be/~ernst/uploads/

news/id63/extremely-randomized-trees.pdf,

EREAE
(1) Bl —Python 3, FHHSFALITFREFA:

import argparse
import cPickle as pickle

import numpy as np
from sklearn.ensemble import ExtraTreesClassifier
from sklearn import preprocessing

(2) 7 XL — DS H s

def build_arg_parser():
parser = argparse.ArgumentParser (description='Trains the classifier')
parser.add_argument ("--feature-map-file", dest="feature_map_~file",
required=True,
help="Input pickle file containing the feature map")
parser.add_argument ("--model-file", dest="model_ file", required=False,
help="Output file where the trained model will be stored")
return parser

(3) & L—PIARALBEERFYILR o 33X HURE P2 — AR 28 i e R X U ZRbn 25 A T S -
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class ERFTrainer (object) :
def __init_ (self, X, label_words):
self.le = preprocessing.LabelEncoder ()
self.clf = ExtraTreesClassifier (n_estimators=100, max_depth=16,
random_state=0)

(4) RPRBE GRS I YNGR > Heds -

vy = self.encode_labels (label_words)
self.clf.fit(np.asarray (X), vy)

(5) RE X — Rk, FTXRE T -

def encode_labels(self, label_words):
self.le.fit (label_words)
return np.array (self.le.transform(label_words), dtype=np.float32)

(6) XL —ApR %, MR T2

def classify(self, X):
label_nums = self.clf.predict (np.asarray (X))
label_words = self.le.inverse_transform([int(x) for x in label_nums])
return label_words

(7) & LmainbR BT ASHL

if _ _name_ _=='__main__':
args = build_arg_parser () .parse_args()
feature_map_file = args.feature_map_file
model_file = args.model_file

(8) fnk b —5 AR R i ] -
# MR R

with open (feature_map_file, 'r') as f:
feature_map = pickle.load(f)

4 4 =X
(9) FEIBURAAE [ 5«
# RIS EAARIT
label_words = [x['object_class'] for x in feature_map]
dim_size = feature_map[0]['feature_vector'].shapell]
X = [np.reshape (x['feature_vector'], (dim_size,)) for x in feature_map]

(10) & T YN ZE I ZRERF :

# VSGERFH X H
erf = ERFTrainer (X, label_words)

(1) PRAFVIZR B ERFAL A .

if args.model_file:
with open(args.model_file, 'w') as f:
pickle.dump (erf, f)
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(12) &R E L fEtrainer.py XA TR 45 o WTLAIRL R 5 izt r48h5
$ python trainer.py --feature-map-file feature_map.pkl --model- file erf.pkl

ER P A —Averfpk IO, N — R B2

9.10 fE—IXRIEAIZE
W lF—AERFHEH S, 3 TR — D BiriEes, ZHles o] LLERBER AN ISR B N A

RS
(1) B —Python 31, I H R ALUFRRTAL:

import argparse
import cPickle as pickle

import cv2
import numpy as np

import build_features as bf
from trainer import ERFTrainer

(2) 5 LS s

def build_arg_parser():
parser = argparse.ArgumentParser (description='Extracts features \
from each line and classifies the data')

parser.add_argument ("--input-image", dest="input_image", required=True,
help="Input image to be classified")

parser.add_argument ("--model-file", dest="model_file", required=True,
help="Input file containing the trained model")

parser.add_argument ("--codebook-file", dest="codebook_ file",

required=True, help="Input file containing the codebook")
return parser

(3) JE L—PIRAL PR EAR AL IR

class ImageTagExtractor (object) :
def __init_ (self, model_file, codebook_file):
with open(model_file, 'r') as f:
self.erf = pickle.load(f)

with open (codebook_file, 'r') as f:
self.kmeans, self.centroids = pickle.load(f)

(4) 78 SC—A~REL, T PN ZRGT A ER PR LA Tl i i1 -

def predict(self, img, scaling_size):
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img = bf.resize_image(img, scaling_size)

feature_vector = bf.BagOfWords () .construct_feature(
img, self.kmeans, self.centroids)

image_tag = self.erf.classify(feature_vector) [0]

return image_tag

(5) % XmainpR %, fmadm A KA :

if _ _name_ _=='__main__':
args = build_arg_parser () .parse_args()
model_file = args.model_file
codebook_file = args.codebook_file
input_image = cv2.imread(args.input_image)

(6) A FHHL AL UG RN
scaling_size = 200
(7) TEATATHT EN 4528 «

print "\nOutput:", ImageTagExtractor (model_file,
codebook_file) .predict (input_image, scaling_size)

(8) &HBHLE L Eobject_recognizer.py LI H o AT UL =iz 1 1484g .

$ python object_recognizer.py --input-image imagefile.jpg --model- file erf.pkl
--codebook-file codebook.pkl

A LLVE B AT TR A 2
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10.1 &%

NIBARBIRAR A L5 E R AP NI A, EAR TG E PR e R S A B R
R AEASEASI R, FATASCX A NIEHE, AT 2L S A PR XK He, fE—4>
AR P NI R Ge 5 EEAE RO 0 AT S F R A o7

MBI NIRRT 255, AT LB, I HIRAT— B AR, (H 2 anfa
A RELEHLAHSIR R A 7 FA T 2 1 i A IR A WA TR AR — A o ANZERY R AT
—MNEREEHY, E LT AT IR E RS AR S, BN . A ISR AJEIILAE
BRI SFAE LRk, M — N BEVEHEWT . AR LA RE TR RS B U, At
it 2 FH IRV RE ) 5 B AN RIS 1 28 A B R R SR BOHOCAFAIE , FHE B — A
BRI

10.2 MWEIRG LR EMLIBINGE D
AT FH 25 B A% S R AR . T 1R W] FH OpenCV-Python M W 2% #5145 Sk SR AE A4
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EZi P
(1) QIEE—4Python 3L, JFRALITREFAL:
import cv2

(2) OpenCVARME T —MBEREX R, T LUFIFIZXT G A28 SRR R R . 0 ASEL
HE SRR IIID . ASRERE R R USBE Sk, KA — A FRYID:

# ARG R SRR K
cap = cv2.VideoCapture (0)

(3) 7 LM ZRBRAGSKR A T HG 1 4K

# R SUR AR R RE B A RL ) A 2

scaling_factor = 0.5

(4) R B — D TBRIEERARAEMT, B FE T Esch o MR 2545 4k 5 Uit

# VEISRREA S TEscH
while True:
# RELAEE
ret, frame = cap.read()

(5) VEEEMTY I NATE Y, (H R IXAES S A PR B2
GRS VRS PN
frame = cv2.resize(frame, None, fx=scaling_factor, fy=scaling_factor,
interpolation=cv2.INTER_AREA)

(6) WM.

# EoRm

cv2.imshow ( 'Webcam', frame)
(7) %Rl ms, SRJGREE T —MWi.

# ERLTHT Escit

c = cv2.waitKey (1)
if ¢ == 27:
break

(8) BEHTAMR EE R 42 .

# AL RE AT £

cap.release()
(9) TESEAARS Z il 5GP A 16 sh i 14k .

# XM BT A E ) E R
cv2.destroyAllWindows ()
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(10) &FARASE L F Evideo_capture.py LI . iBTZARAS, AT I 4515 L P & 3128
AN 10-1 R A %

SEREbca

10.3 F Haar ZREx 82— AR RIS

TEANETET e AT 1Y, AR A I i A R A B A i A . FeA PR I Haar g BRI
AN . HaarZ 15l i 75 221 NUBE UG rh B O S A T SARAE R S0 . (T BURRE 2 2483
2. HRRHIESE, BXELRHEARAE R 2 T, ARG — R A B s ko) ko
B & 7 1858 £ R AT DU A5 S o R T 4O, S 22 4015 1T LA & http://docs.opencv.org/3.1.0/d7/
d8b/tutorial_py face_detection.html#gsc.tab=0, | [T UN{al 78 W0 28 A%k SR AR AT It -t o
[iSA A

E2ii b

(1) Bl —Python L1, JHF AL TREFAL:

import cv2
import numpy as np

(2) MR NGRS o 32 T LU EAS I A B Rl
5 A AR S S

face_cascade = cv2.CascadeClassifier('cascade_files/haarcascade_
frontalface_alt.xml')

(3) B E I ST AR IE RN AL -
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# R IR A R T S A R 3R
if face_cascade.empty () :
raise IOError ('Unable to load the face cascade classifier xml file')

(4) A — PR EXT R «

# IS WALIA R %
cap = cv2.VideoCapture (0)

(5) 7 MR T REE LB R L

# R SLBMR S T RAF AL A %

scaling_factor = 0.5

6) MEFRRAE B 24% F Escit .

# KRR A M TEscH

while True:
# RSE G AT W TR
ret, frame = cap.read()

(7) VBT AN «

frame = cv2.resize(frame, None, fx=scaling_factor, fy=scaling_factor,
interpolation=cv2.INTER_AREA)

(8) B EUG L M IR EE I . 31X B 2 K B RS R A T N A T 4% -
# CHERAEARAR
gray = cv2.cvtColor (frame, cv2.COLOR_BGR2GRAY)

9) TEREEEME Fistt AR & . 2800 . 3248 B BU R IR S, S8 248 MRk
FEOE NI B e/ NI RRECEE , SOREIRATTAT Ak — 4 . e A 2 d8 A nT R gl kil 21 i
P DX I

# KR BR LB AAARA R Z

face_rects = face_cascade.detectMultiScale(gray, 1.3, 5)
(10) XoF ARG 380 A MGz DX, 7 ] e T
¥ Rk 4

for (x,y,w,h) in face_rects:
cv2.rectangle(frame, (x,y), (x+w,y+h), (0,255,0), 3)

(1) JR7R i H B -
bR B R

cv2.imshow ('Face Detector', frame)
(12) 76 F — YR TS RF L ms, QR R Esci, BUBkIEER .

# BERTGHTEscH
c = cv2.waitKey (1)
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o

if ¢ == 27:
break

(13) TESS AR Z R/, BEHOF BT XA -

# AR R $HF XN E 2
cap.release()
cv2.destroyAllWindows ()

(14) 2HBARISE 2 & Eface_detector.py U, a8 TiZAAS, W LITE 21 48 E5A5 4001 SC
Hrp SR R T, AN 10-2R

Detector

10.4 BIE—NREBFMETFHENE

HaarZ K7 1207 AR JE I T2 Mo SR IN 42 T SRR Aer A T2 1245 D ey AL
SO AR R A AN ST

FRSR

(1) Bl —APython S, FHFALLNREFAL:

import cv2
import numpy as np

(2) IMERNK « HR B LS 5B S«

# mBAR, IR S R A

face_cascade = cv2.CascadeClassifier('cascade_files/haarcascade_
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frontalface_alt.xml"')
eye_cascade = cv2.CascadeClassifier('cascade_files/haarcascade_eye.xml')
nose_cascade = cv2.CascadeClassifier ('cascade_files/haarcascade_mcs_nose.xml')

(3) B E P SCAFIE TR IE TN A -

# A ERE AT MR T
if face_cascade.empty () :
raise IOError ('Unable to load the face cascade classifier xml file')

# & R A AR
if eye_cascade.empty () :
raise IOError ('Unable to load the eye cascade classifier xml file')

# BERTAEIMRE M
if nose_cascade.empty () :
raise IOError ('Unable to load the nose cascade classifier xml file')

(@) WAL AR AR 4

# IS WALIA R IR 2t S 2 L) A B
cap = cv2.VideoCapture (0)

(5) & X R 5
scaling_factor = 0.5

(6) NG EEH 4% N Escitt .

while True:
¥R EATM S &, FEKD, HHRER

ret, frame = cap.read()
(7) VAEEMTY RN

frame = cv2.resize(frame, None, fx=scaling_factor, fy=scaling_factor,
interpolation=cv2.INTER_AREA)

(8) W EUG L IR FE IR
gray = cv2.cvtColor (frame, cv2.COLOR_BGR2GRAY)
(9) TEMKBE BUG bas T NI AG I s -

¥ A RE B LB AR E

faces = face_cascade.detectMultiScale(gray, 1.3, 5)
(10) PRI A HR A LG SR A TR X IR, BT LA ARG DX A TR I 2 «

¥ AATRE IR KIRE IR A B FAm B

for (x,y,w,h) in faces:

(11) #2HAEROIE B
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# AH e 5 IR FRBAKROLE &
roi_gray = grayly:y+h, x:x+w]
roi_color = framely:y+h, x:x+w]

(12) 3877 HR i RGN 4% -

# R JEBROTAE & A | IR BF

eye_rects = eye_cascade.detectMultiScale(roi_gray)
(13) iB47 5 TR % -

# AKRZBROIE & T AN AT

nose_rects = nose_cascade.detectMultiScale(roi_gray, 1.3, 5)
(14) 7 AR I J] [ o

# AREER 2% ENE

for (x_eye, y_eye, w_eye, h_eye) in eye_rects:

center = (int(x_eye + 0.5*w_eye), int(y_eye + 0.5*h_eye))
radius = int (0.3 * (w_eye + h_eye))
color = (0, 255, 0)

thickness = 3
cv2.circle(roi_color, center, radius, color, thickness)

(15) 7 &7 JR [l A -
for (x_nose, y_nose, w_nose, h_nose) in nose_rects:
cv2.rectangle(roi_color, (x_nose, y_nose), (xX_nose+w_nose,
y_nose+h_nose), (0,255,0), 3)
break
(16) BRI -
# RTA%R
cv2.imshow('Eye and nose detector', frame)

(A7) T =Y Z AR ms, AR 4% T Escil, stk faes .

# WMERTH T Escht
c = cv2.waitKey (1)
if ¢ == 27:

break

(18) TELE SRS 2 3T, BRI STA X4 m
# BHAMEEN S FERN T2

cap.release()
cv2.destroyAllWindows ()

(19) FAILE 405 FEeye nose detector.py SCA-H . i1 TZACD, B LLE 3] M4 ERAG U
SCA A IR LB I R T, anE 10-31 7R o
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10.5 MERD B

FE /D94 (Principal Components Analysis, PCA ) J&— M FARLEEE A, # HTFIHEAL
PLvE FHLER: T o YTREAL IR KA RIELE LT, YIZRpLas2E ] RG e
TENZRR G ATFARBAR AR . (2, FRIRLERERS, FRADEAEBUREIR P EEER, )
PCAfE 2 e fEVE#E . PCAV B A b 0 B B AR 43, oK Hode Bl SRR R o R T LAAE
http://dai.fmph.uniba.sk/courses/ml/sl/PCA.pdfrf T f# 8 24177, PCAWH T AR RS # T

KT T AT X i AR A 3 AT

FRLR

(1) B#E—APython 3L, FHFALLTRITAL:

import numpy as np
from sklearn import decomposition

(2) M ARG E LSAHERE . BTN HERE RIS, (EURR 3R ORI T AT P2
WALRYE, ATRL 3 NERE, O BN S R (E A -

# 2 LA AE

x1 = np.random.normal (size=250)
x2 = np.random.normal (size=250)
x3 = 2*x1 + 3*x2

x4 = 4*x1 - x2

x5 = x3 + 2*x4

(3) AE— I X LA ) R B -

Eye and nose detector

4H Bl Al B e
St
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# AR R
X = np.c_[x1, x3, x2, x5, x4]

4) BIEE—1PCAXI 4 .

# AlE—ApCa
pca = decomposition.PCA()

(5) X AR T 18535381 (PCA ):
pca.fit (X)

(6) FTENHERERY T3 25 -

¥ drepr £

variances = pca.explained_variance_
print '\nVariances in decreasing order:\n', variances

(7) AR —AFE A IR, IRABNIRA — AT 22 . BB — B
SE HL R AL «
# HEA R AR E

thresh_variance = 0.8
num_useful_dims = len(np.where(variances > thresh_variance) [0])
print '\nNumber of useful dimensions:', num_useful_dims

(8) IEANZ AR FIAY, PCAVUN HA PIANE A X B A rp AR B2
# AR BAGEE AR K
pca.n_components = num_useful_dims

(9) BB R AE I\ SYk ittty — 4 .

X_new = pca.fit_transform(X)
print '\nShape before:', X.shape
print 'Shape after:', X_new.shape

(10) 2EAE E 240 S 7Epea.py Kb . BT, W] LITEL i A 2 AN E 10-4 1R BU455R

Variances in decreasing order:
[ 1.13489352e+02 1.08125265e+01  3.34017371e-31  4.36320756e-32
1.49223239e-32]

Number of useful dimensions: 2

Shape before: (250, 5)
Shape after: (250, 2)

K 10-4

10.6 MAZERMD S
PCARBARITHIFRARAE R, (HPCAR LM T s TAER), IR EBHEEANE AL METT =Y,
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B APCAFEARE I LTI RE o (HJ2AZ% A5 0B 0] LIAR G- b e i AN TR fE, FAZ F2 L4343 Hr i
A2 0] 2 % http://www.ics.uci.edu/~welling/classnotes/papers_class/Kernel-PCA.pdf., % FKFH
F A it ABHR O 8O b, RIS R o iAo b

E A
(1) Bl —Python X, JFHSALTREFA:

import numpy as np
import matplotlib.pyplot as plt

from sklearn.decomposition import PCA, KernelPCA
from sklearn.datasets import make_circles

(2) 7 SCHENUBCR e AT, LARE= 22 RT3 B Kl s 91
§ R UMAUKK £ B O T8

np.random.seed(7)
(3) A= LA R B A3 A S, AT ZR PCATEX AP 0 2 Al TAERY «
# AR

X, y = make_circles (n_samples=500, factor=0.2, noise=0.04)
(4) XX BRI TR 3 -

# B ER ST
pca = PCA()
X_pca = pca.fit_transform(X)

(5) R A % 32 53

# AL R 0T

kernel_pca = KernelPCA (kernel="rbf", fit_inverse_transform=True, gamma=10)
X_kernel_pca = kernel_pca.fit_transform(X)

X_inverse = kernel_pca.inverse_transform(X_kernel_pca)

(6) 1 I Ak i A K -
-T2 oY

class_0 = np.where(y == 0)

class_1 = np.where(y == 1)

plt.figure()

plt.title("Original data")

plt.plot (X[class_0, 0], X[class_0, 1], "ko", mfc='none')
plt.plot (X[class_1, 0], X[class_1, 1], "kx")

plt.xlabel ("lst dimension")
plt.ylabel ("2nd dimension")

(7) it R 3T I R -

# 3 RS R
plt.figure()
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plt.plot (X_pcalclass_0, 0], X_pcalclass_0, 1], "ko", mfc='none')
plt.plot (X_pcalclass_1, 0], X_pcalclass_1, 1], "kx")
plt.title("Data transformed using PCA")

plt.xlabel ("1st principal component")

plt.ylabel ("2nd principal component")

(8) 1 A% T2 A o0 I (5 -

# BRI RS DG 0B

plt.figure()

plt.plot (X_kernel_pcalclass_0, 0], X_kernel_pcalclass_0, 1], "ko", mfc='none')
plt.plot (X_kernel_pcalclass_1, 0], X_kernel_pcalclass_1, 1], "kx")
plt.title("Data transformed using Kernel PCA")

plt.xlabel ("lst principal component")

plt.ylabel ("2nd principal component")

(9) MR R R S el Ji iR =S 0], AR R SRR R e R

# AT EH RS R G RAE Z

plt.figure()
plt.plot (X_inverselclass_0, 0], X_inverse[class_0, 1], "ko", mfc='none')
plt.plot (X_inverselclass_1, 0], X_inverse[class_1, 1], "kx")

plt.title("Inverse transform")
plt.xlabel ("1st dimension")
plt.ylabel ("2nd dimension")

plt.show()

(10) UL E 24 & fEkpea.py LI . 1817120, FTLIE B4R RS .. 55— IR R
WHEEE, WE10-5FTR .

00 Figure 1

200+ a@

K 10-5
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5 R IE AT R TR R, AN 10-6171 o

o0+ =@

K 10-6

S IR BORIB T E R T RS, W 10-TRT R o TERE, AR R EHR A A
(150

200+ B@

K 10-7

ERt#tXLRA lindorl(2948899818@qq.com) = EERMY
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S DU G ER TR R A s R 2 6], AP 10-8 7

[ JOX B Figure 4

10.7 HWEEREDE

BRSBTS T MR A B8 ORI R . B — AR 5 A i TR TR 1Y)
5%, M—ASHEBHLIIE] T A X5 S . IR, FRATAY TR FHX (5 5 M o ax
BES RSP B, AT HMILAR 5> 4347 (Independent Components Analysis, ICA )
BRI, T ST B AT B A5 AT 5 7 http://www.mit.edu/~gari/teaching/6.555/LECTURE _
NOTES/ch15_bss.pdf. % F K& F W LHL,

FRSR
(1) QE—"Python 3, FFFALTRFH:

import numpy as np
import matplotlib.pyplot as plt
from scipy import signal

from sklearn.decomposition import PCA, FastICA

(2) A4 FH B mixture_of signals.txt SCAFEEML AR . gzt -
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# AR
input_file = 'mixture_of_signals.txt'
X = np.loadtxt (input_file)

(3) BIHICART 4 .

# tHICA
ica = FastICA (n_components=4)

(4) FETICATEM(ES:

+ EMET

signals_ica = ica.fit_transform(X)
(5) PEHUR A HE R -

# REBURA 4B

mixing_mat = ica.mixing_

(6) FUTPCAMH .«
# WATPCA

pca = PCA(n_components=4)
signals_pca = pca.fit_transform(X) # ETFERXRRHSETHET

(7) % ARSI FAAG Hom i -

# 2B A AR

models = [X, signals_ica, signals_pca]

(8) FeREHIE,

colors = ['blue', 'red', 'black', 'green']

(9) EH LGS

# BHWAGES

plt.figure()

plt.title('Input signal (mixture)')

for i1, (sig, color) in enumerate(zip(X.T, colors), 1):

plt.plot(sig, color=color)
(10) i H A HICAZ B H1E S -

# @EAIRNICAY B 5

plt.figure()

plt.title('ICA separated signals')

plt.subplots_adjust (left=0.1, bottom=0.05, right=0.94,
top=0.94, wspace=0.25, hspace=0.45)

(11) JHAS [ B 20 € i 115 ]«

for i, (sig, color) in enumerate(zip(signals_ica.T, colors),

plt.subplot (4, 1, i)

1):
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plt.title('Signal ' + str(i))
plt.plot(sig, color=color)

(12) I H FHPCAZ B B 5

# @EPCAE S

plt.figure()

plt.title('PCA separated signals')

plt.subplots_adjust (left=0.1, bottom=0.05, right=0.94,
top=0.94, wspace=0.25, hspace=0.45)

(13) FIAN TR R i 24114

for i, (sig, color) in enumerate(zip(signals_pca.T, colors), 1):
plt.subplot (4, 1, i)
plt.title('Signal ' + str(i))
plt.plot(sig, color=color)

plt.show()

(14) DAY 2 249, 5 1Eblind_source_separation.py 3CAFHT, B1TiIZACHS, W LIEFI3IE R4
BE—RERE RS, WS RA A, WE10-97R,

[ XON ) Figure 1

200+ 8@

B 10-9

B REG R HICAT B E S, E10-1087R,

B R#tXE 5 lindorl(2948899818@qq.com) E= BERRN
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oo+ 8@

& 10-10

B = IREREFPCAN ENES, WEI10-11F7R,

oo+ 8@

& 10-11



10.8 AAFMAEX LS B E—IMAKBRIE 205

10.8 REH_EEFEAEFELEZ— AR

IAE O AR ARG RS 1o e PR E— D NEHE SR 25, Frlix B4R fE T
— > faces_dataset SCF I, 3% SCAF e 1 B R 8 1Y BIR AT DTSR RO 2k o i B B R
http://www.vision.caltech.edu/Image Datasets/faces/faces.tar?f i ({— T4, & T —E 5= nE
&, TR e ORI 2 — D N U R L

A1 HEE—{EERE S E (Local Binary Patterns Histograms ) #1]# ARG iRH RS, 725
PR, ] AR BRI A o 35 TR TAE R — BRI A A A D3 R R SE
MRBEZPRISWEGR, RESHILTIRIICA RS 26T Rl (s By A 4y
{5 B 1] #& 7 http://docs.opencv.org/2.4/modules/contrib/doc/facerec/facerec_tutorial.html#local-binary-
patterns-histograms. T & & Al B — D A28

RS
(1) AlEE—"Python3Cft, JFFALLTFRFAL:
import os

import cv2
import numpy as np
from sklearn import preprocessing

(2) 5E L — DI PG AR G AN S BT AT AL 55 -

# RA—ANERRIEE XL AR X PTHAL S

class LabelEncoder (object) :

(3) FE X —A ok FX Behr 2 it . FER AVIGREEH, PR ORI 24
FRINGERGE . 2T E L— DT FEXF G, R G BRI e e sl IR O B SR i ) 5
] ARG R

# B RIE AR T Y R AT

def encode_labels(self, label_words):
self.le = preprocessing.LabelEncoder ()
self.le.fit (label_words) m
(4) 7 LA Bl A B - 0 7 1
# BN LR HEART

def word_to_num(self, label_word):
return int (self.le.transform([label_word]) [0])

() ATk, AT S SRR )

# R RCT R $99)
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def num_to_word(self, label_num):
return self.le.inverse_transform([label_num]) [0]

(6) X —Trik, T M ASCIE e S B R AIRAS: -

# OIS & F R R A AR S
def get_images_and_labels (input_path) :
label_words = []

(7) XA S IARGB T LA, ST BUR B AR
#F RN Sk ik )3 i X 58 e ST

for root, dirs, files in os.walk(input_path):
for filename in (x for x in files if x.endswith('.jpg')):
filepath = os.path.join(root, filename)
label_words.append(filepath.split('/") [-2])

(8) PRI A i

# BT

images = []

le = LabelEncoder ()
le.encode_labels (label_words)
labels = []

9) MRt A H 5% -

# MATETNR R
for root, dirs, files in os.walk(input_path) :
for filename in (x for x in files if x.endswith('.jpg')):
filepath = os.path.join(root, filename)

(10) R iy AT R BB K A 5«
# O B AT B AR BUR A X

image = cv2.imread(filepath, 0)

(11) MSCFSJe A rh PR bR 2
O R IR RBARE

name = filepath.split('/')[-2]
(12) X EHGASN R AS -
# AR AW
faces = faceCascade.detectMultiScale(image, 1.1, 2, minSize=(100,100))

(13) $EHCROUEMEME, IR SE(E AR 2 Gt iR [H] «
# B EE—KE

for (x, v, w, h) in faces:
images.append (imagel[y:y+h, x:x+w])
labels.append(le.word_to_num(name) )

return images, labels, le
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(14) %E Lmainpf %L, FHE OGP

if _ name_ _=='__main__ ':
cascade_path = "cascade_files/haarcascade_frontalface_alt.xml"
path_train = 'faces_dataset/train'
path_test = 'faces_dataset/test'

(15) Jinz N Rk S

2R ARE S A
faceCascade = cv2.CascadeClassifier (cascade_path)

(16) Azt Jey it — AR AT BB 3 2 X 52
# A RA AR X I B AR B

recognizer = cv2.face.createLBPHFaceRecognizer ()

(17) o A ARG | BR2e FIbRLE g s -

# A ARAEE T RIBS, IRERFE LS

images, labels, le = get_images_and_labels (path_train)
(18) FHEZ BB I ZR NS E N 25 -

# M GARIRA B
print "\nTraining..."
recognizer.train(images, np.array (labels))

(19) FHAR ARG U 45 -

# R RKFe B AR M XAM IR B
print '\nPerforming prediction on test images...'
stop_flag = False
for root, dirs, files in os.walk(path_test):
for filename in (x for x in files if x.endswith('.jpg')):
filepath = os.path.join(root, filename)

(20) In#LE % -

# AR

predict_image = cv2.imread(filepath, 0)
(21) FHJSAS I #5846, 2

# AR AR
faces = faceCascade.detectMultiScale(predict_image, 1.1,
2, minSize=(100,100))

(22) X TR AKROIL, 1547 ARG
# VAR AR

for (x, y, w, h) in faces:
# Predict the output
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predicted_index, conf = recognizer.predict (
predict_imagely:y+h, x:x+w])

(23) B bR 4y HLin) -
BT E R

predicted_person = le.num_to_word (predicted_index)

(24) 1Ef i IR P NS0T, IFRURR -
b OAMEER Y ENLCT, FRFAG

cv2.putText (predict_image, 'Prediction: ' + predicted_person,
(10,60), cv2.FONT_HERSHEY_SIMPLEX, 2, (255,255,255), 6)
cv2.imshow ("Recognizing face", predict_image)

(25) K PR A4 NEsciit . tndf, Bk IEER .

c = cv2.waitKey (0)

if ¢ == 27:
stop_flag = True
break

if stop_flag:
break

(26) A=HBIRHS 2800 fr fEface_recognizer.py SCIFH . FEATIZINY, T LA —A i ik,
B R PR A B . e F s BT AGRSEORTR . DR EUR A 3 RN . &5 —
AN H A AN 10-1278

Recognizing face

Prediction: persont

B 10-12
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A N 25 R anE10-13 R o

Recognizing face

Prediction: person2

& 10-13

5= N 25 R anE10-14FR o

Recognizing face




ENE

R B FH 22 X 4%

TERX—5, FAENZGLUT T

O MR

Q Bl — AR 45

O QPR R 2%

Q Bl —AmE R A

Q Sy IR S B B — B U 22 R 2
Q EL AT B 2 ol 745 AL
Q Fsh R — e P AR A

1.1 &

AZERRIRARE THERI R, Fed 1 L nT DR RE A . — Dz M4t
Je— M NI 2 T S RO HEAR o 22 0 285 T T BSHE TP R U B A . TE AR BITAY
a2 Bk, PR ML A B SRR o PRI, A PRAR B S B BB St B AR Al S PR S
TR R 57 , U AUR HH AR B 3, SRS R A B — 246 . FRATTaT LU
Wz rdE . R AR R ARSI 55

ML i —JZEZ R TN XEEMEITEI NN F ALY 20, f— 28R4
ML RIS TT SRR M 2T . A JZM R B AR AL, ik )=
G T BA DR R EA . T AR SR Z B2 SRR B o R BT AR R 2% A
ZA I, IS AAEE IS8 2 ) [ YN AT R AR B

TR AT 17 B Ao 22 ) 542 R T ) BRI AR AT 2028 0 O 1 i 22 P 4% 5 A B A AT
%, W BB AR BN R . P MR B IS sRECRIZR A 2 o FRATAEHIEA,
FLEIHRR TR —E MBI 1k

MR “TREE” M2 IRt 27 TREEPNZ I 262 h 2 Bt 2 A2 2% . — Ok,
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O TR ] B, TR ] T TSI SR 2 2%, T X SEpf 22 2% th 24N 2RI Z Z
SR AL
YRT L) fEhttp://pages.cs.wisc.edu/~bolo/shipyard/neural/local.htmI £ 7 #H 25 J 25 U ZURE . Az vh

¥ 3 NeuroLab /. 7E4E FORAYS 2 ZHT, WIMIRIRC &L3 T IXAE, DRI S%
https://pythonhosted.org/neurolab/install.html, % FRKEFH ﬁﬂﬁlxﬁ‘ T 2 35 e 28 o 245

11.2 GIE— R

TEFRA T BRI AT I 22 R 4 2 i . BN BS e — N B i 2200, B RS T A B35
BOR— AR A AL, (B EBOE T M M A BB . BN -1

output

inputs /\: O

neuron

BKo11-1

22U E mJ%%A%J/\ﬁHT [ B A AR R AR, RN b e 2E R . IR — AR R
AZMETTRR , EORHI A5 R i 40 DGR A

(E2LpA
(1) AlE—~Python 34, JFF AL FREFAL:

import numpy as np
import neurolab as nl
import matplotlib.pyplot as plt

(27 S — L8k Kl SR L A ARAE -

# R SU B
data = np.array([[0.3, 0.2], [0.1, 0.4], [0.4, 0.6]1, [0.9, 0.511)
labels = np.array ([[0], [0], [01, [111)

(3) Rzl iimty, PAAT A KL i A R -

# B3R RE

plt.figure()
plt.scatter(datal:,0], datal:,1])
plt.xlabel ('X-axis")

plt.ylabel ('Y-axis"')
plt.title('Input data')
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(4) 7 X =A@ sperceptron, EA P MNHIA o 12 MREGA T 2R iy A KGR i) e KAl Fl e
UNIER

# RXAANIAGEF B, BB F MR ENTE T Z ARG R KA 50 ME

perceptron = nl.net.newp([[0, 1],[0, 111, 1)

(5) B2 FRINZHZIBINES . epochsiEi G T INZEHRAETT 258 BRI EL . showS L
FRE T R NZRd BRI, 1o S 8d8E T IRNAR 124 2 3R B 24 S i R AR 22 ) A S s
SR IAXAMERK, BATHS SR, (AT eS8 R e o i AR M R
AN, WRZSEE T Db i, (ARAPATHS SRS, AT i T, X EI0. 01

# DEREI B

error = perceptron.train(data, labels, epochs=50, show=15, 1r=0.01)

(6) 2523

# ZhER

plt.figure()

plt.plot (error)

plt.xlabel ('Number of epochs')
plt.ylabel ('Training error')
plt.grid()

plt.title('Training error progress')

plt.show()

(7) EEBCHS E L Eperceptron.py S H 45 H o B TIZACHS, WTLIE IR RS . SFH—imEGg
WoRE AL, E11-250R,

06 Figure 1 o

200+~ 8@
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SRR R IR e R, AN 130

[CX ) Figure 2

poo+ 8@

B o11-3

11.3 GIE—1MBEEMHEME

T AR — AR, T ORAE AR ML BRI — AR
Zmaotdl. B EE, BEMENEHSA—IMAZ . —PMRBUZA— M HE .

pE A
(1) Bl —/~Python L4, JF-FALUTFREFAL:

import numpy as np
import matplotlib.pyplot as plt
import neurolab as nl

(2) A2 H #]data_single layer.txt SCHAH I . S A~

# U

input_file = 'data_single_layer.txt'
input_text = np.loadtxt (input_file)
data = input_textl[:, 0:2]

labels = input_text[:, 2:]
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(3) im0 s A B -

# 3 A B

plt.figure()
plt.scatter(datal:,0], datal:,1])
plt.xlabel ('X-axis"')

plt.ylabel ('Y-axis')
plt.title('Input data')

(4) S/ IME R R -

# RIAEANYEE 0 MiAe R KR

x_min, x_max = datal:,0].min(), datal:,0].max()
y_min, y_max = datal:,1].min(), datal:,1].max()

(5) E L—AFRZMZRL, 2P 2 W28 1 BORUZR 6 5 P 2T

# RX—AEEAERLE, QOERANEA; ABIBFE—ADRABGENLE FHRARGR AR

single_layer_net = nl.net.newp([[x_min, x_max], [y_min, y_max]], 2)
(6) T S0UCE AN FRiZ i 22 W 255 -

# D AP R

error = single_layer_net.train(data, labels, epochs=50, show=20, 1lr=0.01)

(7) W 455

# AR

plt.figure()

plt.plot (error)

plt.xlabel ('Number of epochs')
plt.ylabel ('Training error')
plt.title('Training error progress')
plt.grid()

plt.show()
(8) FHHT A DI A DN e 28 P 45 -

print single_layer_net.sim([[0.3, 4.5]1)
print single_layer_net.sim([[4.5, 0.5]1)
print single_layer_net.sim([[4.3, 8]])

(9) EFMRISE 2 4Esingle_layer.py CAFFRZA W o 12 TiZA0S, WTLIEBIPIIEEG ., H—iEE
R BN AESE, WE1-407R
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oo+ 8@

Ho11-4
(10) 28 R EG BRI griRz=di i, mE1-507R .

2ojo+ <&@
Ko 11-5
A PTE AT TR BRI N B a5, 8% A5 8 L
[[ O. 0.11
[[ 1. 0.11
[[ 1. 1.11

T LS TRk g0k i 1 45 SR e 1
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114 QIBE—NMREMREZ ML

BT RN — AR A R4, — R M R — A2 . 2R Z A — A 2
. AR 11-6/0T 7R o

8WOWO

K 11-6

FI1-68R T — P ZIRMHAEME, ZMEMB S —MAZ . ZPEEIEA— M)z,
TE—NIREEMZ RS R, S A JE 2 Z A 2 FERUZ .

RSB

(1) Bl —APython L1, FHF AL TNFETAL:

import neurolab as nl
import numpy as np
import matplotlib.pyplot as plt

(2) XU 28, T RN 2R -

# A R AR
min_value = -12
max_value = 12

num_datapoints = 90

(3) ILAHHEAG HhFATRE SR — A R AR, TR RSO A B . AT B 2 R 2% 1T AR
SR PR AR A R 2T X — A

np.linspace (min_value, max_value, num_datapoints)
2 * np.square(x) + 7

X
Y
y /= np.linalg.norm(y)

~ I
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4) Bl AT .

data = x.reshape (num_datapoints, 1)
labels = y.reshape (num_datapoints, 1)

(5) 1t iy A «

3SR

plt.figure()

plt.scatter (data, labels)
plt.xlabel ('X-axis")
plt.ylabel ('Y-axis"')
plt.title('Input data')

(6) 7E X — DR MZ, LA MBS S RRUZ, SRR 10 A0

# AL NREAAZRL, PEANGRE; BANEKREHLONMPE LR, #rdEd— AT ST AR

multilayer_net = nl.net.newff ([[min_value, max_valuel], [10, 10, 11)

(7) WEINGEENBETREE (OCTHE AN 7] 2 Fhttps:/spin.atomicobject.com/
2014/06/24/gradient-descent-linear-regression ):

# RENGLENBET

multilayer_net.trainf = nl.train.train_gd

(8) ML 45 -
# DAL

error = multilayer_net.train(data, labels, epochs=800, show=100, goal=0.01)

) JHNGEHRat TN, AB HIERERN.
t R G RABE A%, FONLER

predicted_output = multilayer_net.sim(data)
(10) i H I ZRiR 2L R -

# BERNGKRELR

plt.figure()

plt.plot (error)

plt.xlabel ('Number of epochs')
plt.ylabel ('Error')
plt.title('Training error progress')

(1) QIR AR, JFsfreizemz, AR HIERERM
# @ TR

x2 = np.linspace (min_value, max_value, num_datapoints * 2)
v2 = multilayer_net.sim(x2.reshape(x2.size,1l)) .reshape(x2.size)
v3 = predicted_output.reshape (num_datapoints)
T A
(12) 1 H A2
plt.figure()

plt.plot(x2, y2, '-', x, vy, '.', x, y3, 'p")
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plt.title('Ground truth vs predicted output')

plt.show()
(13) 2RI E £7Edeep_neural network. py X 4ath o isATiZ A0S, W LA 2306 K4 .
SRR R AR, WE1-TRTR

oo+ 8@

B 11-7
B REG B R UIGaR 2 R, K-8

ERt#tXLRA lindorl(2948899818@qq.com) = EERMY
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S IR R Won ph e R 2 B, TR 11-9F s

( JoX ) Figure 3

Ground truth vs predicted output

0.25

: 100; Error: 1.64795788647;

: 200; Error: 0.517736068801;

: 300; Error: 0.13545620002;

: 400; Error: 0.0521272422892;

: 500; Error: 0.0465021594702;
0.0483261849312;
4

.0431681554217;

: 600; Error:
: 700; Error:
: 800; Error: 0.0346446191022;

The maximum number of train epochs is reached

B 11-10

11.5 GIE—PEEEMLS

PRAL AT LUT A 22 R 2 el o) i Al o [ B8R NAEZS TRl “ DU LA™, )2 T4,
W EHLILSE . FARTE S AL BEAIBL G~ 55

E24iik

(1) Bl —APython3CfF, JEFALTRTAL:
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import numpy as np
import matplotlib.pyplot as plt
import neurolab as nl

(2) Mdata_vq.txtSCHA ki A -

# RSN

input_file = 'data_vqg.txt'
input_text = np.loadtxt (input_file)
data = input_text[:, 0:2]

labels = input_text[:, 2:]

3) EX—NTHEMZFS]EEEM (Learning Vector Quantization, LVQ ) fHZM%E, AT
I Ja — NSRBI TS E T B I 43 e (&SI E 2 B 22 RN A1 ):

# RAX—ARENERL: MASLOMYE A, WE 24P EAL
net = nl.net.newlvg(nl.tool.minmax (data), 10, [0.25, 0.25, 0.25, 0.25])

(4) WZRLVQHIFIZE 25 .

# D GAYE R Lk

error = net.train(data, labels, epochs=100, goal=-1)
(5) BT T D e AT A F) DA A

# IR

Xx, yy = np.meshgrid(np.arange(0, 8, 0.2), np.arange(0, 8, 0.2))
xx.shape = xx.size, 1

vy .shape = yy.size, 1

input_grid = np.concatenate((xx, yy), axis=1)

(6) JHIX LR S PER I N 4
# ORI R E AL R 4

output_grid = net.sim(input_grid)

(7) TEBE o a3k

# R LANE

classl = datal[labels[:,0] == 1]
class?2 = datal[labels[:,1] == 1]
class3 = datallabels[:,2] == 1]
class4 = data[labels[:,3] == 1]

(8) MEFAIE SLIH -
# AANEE LA

gridl = input_grid[output_grid[:,0] == 1]
grid2 = input_grid[output_grid[:,1] == 1]
grid3 = input_grid[output_grid[:,2] == 1]
grid4 = input_grid[output_gridl[:,3] == 1]

(9) I i1 g HH 2R
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# FEmBER

plt.plot(classl[:,0], classl[:,1], 'ko', class2[:,0], class2[:,1], 'ko',
class3[:,0], class3[:,1], 'ko', class4[:,0], classd4[:,1],

plt.plot(gridl(:,0], gridl[:,1], 'b.', grid2[:,0], grid2[:,1], 'gx',

grid3[:,0], grid3[:,1], 'cs', gridd4[:,0], grid4[:,1], 'ro')

plt.axis ([0, 8, 0, 81)

plt.xlabel ('X-axis"')

plt.ylabel ('Y-axis"')

plt.title('Vector quantization using neural networks')

plt.show()

(10) =&AL T LA E vector_quantization.py 45 H o 121 TI%CAY, AT LAE ) EHZR 2 [0 955

SR DI, AN L-11T7R o A XIS bz 2 i) v [ e A DX R P i —

®0e Figure 1

Vector quantization using neural networks
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X XXX XXXXXXXX
X XXX XX XXX XXX
X XXX XX XXX XXX
XX XX XX XXX XXX
X XXX XX XXX XXX
X XXX XX XXX XXX
BXXXXXXXXXXX
XX XX XXX XXX
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B XXX XXX
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BEBX XXX
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@
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11.6  AFFEITESHEE—NBYFRZ ML

358 VA 1 25 O 4% R AR Tl 4 A P 31 T[] 2 8 Bt o R FT LAFE hitp:/www. wildml.com/2015/09/
recurrent-neural-networks-tutorial-part-1-introduction-to-rnns 7 £ 55 22 3¢ F 1 T P 25 X 2% 1 R 40 Y
5o TERCEFH RIS )7 5V EARRT , ASRRfa Sy i PR Bs BT e A DGR 5 Gk, 14

FERIRIN 2B R — o 3% TORE B W Qb I 2 I 45
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EZi P
(1) QIEE—4Python 3L, JFRALITREFAL:
import numpy as np

import matplotlib.pyplot as plt
import neurolab as nl

(2) XL eREL, RO I A S BRI — N

def create_waveform(num_points) :

# A A A

datal = 1 * np.cos(np.arange (0, num_points))
data2 = 2 * np.cos(np.arange (0, num_points))
data3 = 3 * np.cos(np.arange (0, num_points))
datad4 = 4 * np.cos(np.arange (0, num_points))

() A X EIHEA A A IRIE, AR AT — AL -

# AR HR

ampl = np.ones (num_points)

amp2 = 4 + np.zeros (num_points)
amp3 = 2 * np.ones (num_points)
amp4 = 0.5 + np.zeros (num_points)

(4) BB S I R, O X IR, TR R X TR 7 PP 2

data = np.array([datal, data2, data3, datad]).reshape (num_points * 4, 1)
amplitude = np.array ([[ampl, amp2, amp3, amp4]]).reshape (num_points * 4, 1)

return data, amplitude

(5) 7 R %, T A KA AV ZRm i 22 2% )5 i i

# AR S R hER

def draw_output (net, num_points_test):
data_test, amplitude_test = create_waveform(num_points_test)
output_test = net.sim(data_test)
plt.plot (amplitude_test.reshape (num_points_test * 4))
plt.plot (output_test.reshape (num_points_test * 4))

(6) % Lmainbh%L, FFA BRI .

if _ name_ =='_ _main__ '
# ORI B
num_points = 30

data, amplitude = create_waveform(num_points)
(7) QNEHE—A T2 (3 T PR 28 25

# AE—ABEANERAL

net = nl.net.newelm([[-2, 2]], [10, 1], [nl.trans.TanSig(), nl.trans.PureLin()])
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(8) BUEBHZ WAL PR -

# RS BT BTSN

net.layers[0].initf = nl.init.InitRand([-0.1, 0.1], 'wb')
net.layers[1l].initf= nl.init.InitRand([-0.1, 0.1], 'wb'")
net.init ()

(9) YNZRib VA fh 28 R 265

# Y| ik ) AP R R 2k
error = net.train(data, amplitude, epochs=1000, show=100, goal=0.01)

(10) A UNZREARTTER B 2% B4 s -

R N R R K

output = net.sim(data)
(11) i Y i

# FRIGELEE

plt.subplot (211)

plt.plot (error)

plt.xlabel ('Number of epochs')
plt.ylabel ('Error (MSE)"')

(12) 1] H 25 5

plt.subplot (212)

plt.plot (amplitude.reshape (num_points * 4))
plt.plot (output.reshape (num_points * 4))
plt.legend(['Ground truth', 'Predicted output'])

(13) QIR I, AR IZA 2 2R RE 7 T -

# A 3 ARE LA A dn B AR AT X
plt.figure()

plt.subplot (211)
draw_output (net, 74)
plt.xlim ([0, 3001)

(14) RIS — KR BEIE , A F L2 M2 RE A T .
plt.subplot (212)

draw_output (net, 54)
plt.xlim ([0, 3001)

plt.show()

(15) &FFfCH E & fErecurrent_network.py SCIFH 45 o 18 Ti%ACS, FTLAE BIMIRENLR . 5
— M UG SR RN R R ) i 2 RO RE R B, NI 1-1217%




224 F11F RENZMNEL

200+ 8@
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AL EAE AT TR E BN 11-14 R 2520

Epoch: Error:
Epoch: ; Error:
Epoch: ; Error: 0.0902055024828;
Epoch: ; Error: 0.0662254210369;

2.0202165367;
Q
Q
(]
Epoch: ; Error: 0.0291456739963;
(]
(]
Q
(]

.276370891;

Epoch: ; Error: 0.0274479103273;
.0221256973779;
.0227723305931;

Epoch: ; Error:
Epoch: ; Error:
Epoch: 900; Error:
Epoch: 1000; Error: 0.0159299080472;

The maximum number of train epochs is reached

.0207200477057;

K 11-14

1.7 EREFHRBIBIREEF AT

T R A WAl A A 28 M 45 OG- F A RSN Y P AR AR FE B MG i F 5 2455
At A . FA14 H £l http:/ai.stanford.edu/~btaskar/ocr PR AL B 4L, T 25 BIBRIASCHE 44
letter.data, 5 JC3KFA Ui ] Ab B Le R P 6 T 44k .

E24iik
(1) Bl —APython3CfF, JEFALTRTAL:

import os
import sys

import cv2
import numpy as np

(2) E AN 44

(L% &3
input_file = 'letter.data'

(3) & XL SHL:

# 2 SUT AR
scaling_factor = 10
start_index = 6
end_index = -1

h, w= 16, 8

(4) PEFREAR S HZE 4% FEscilt . HTabsrFRARIEA T4 bR B4 -
# PAIAZR P TEsci

with open (input_file, 'r') as f:
for line in f.readlines():
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data = np.array ([255*float (x) for x in line.split('\t"')
[start_index:end_index]])

(5) R B B TR RO PR B AR, AR/ N TR R

img = np.reshape (data, (h,w))
img_scaled = cv2.resize(img, None, fx=scaling_factor, fy=scaling_factor)
cv2.imshow('Image', img_scaled)

(6) U FH P ¥ FEscil, WZ FAEER .

c = cv2.waitKey ()
if ¢ == 27:
break

(7) &S C & fE visualize_characters.py SCHFH 25 o 18T A0S, W LAE Bl— N ER A5
WA, Flan, R “o” MIBRWMEN-15F7R,

Ko 11-15

Image

FHE T BRI 1-16F7

K 11-16

11.8 RHEMELEZE—MFF AR
RIS AT SRR SETR B TR O — I T I (062 AR R 5
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[E2ii b

(1) QEE—"Python 3, FFF AT R

import numpy as np
import neurolab as nl

(2) % XE A2
# A
input_file = 'letter.data'

(3) TEJHRHE MZR AL BB, AEAERR BEAE AR Z RISk . oA T R dnfiy A i ix
NFRGE, X HAE ]2 0Bl -

# OB S e B B R

num_datapoints = 20

(4) WEEE, T IR BITERR200 A 7R R 74F o K5 HoE SCanE -
# AR OF

orig_labels = 'omandig'

SECEF TS
num_output = len(orig_labels)

(5) MEARERI0% M2k, T T AY10%Me, & SOMZAMNASEANT

# S| A K A%
num_train = int (0.9 * num_datapoints)
num_test = num_datapoints - num_train

(6) Bl h AT AR IR R T ML LR MEBCE AT -

# BB ERBARK
start_index = 6
end_index = -1

(7) A= a2 -

# ERBEE
data = []
labels []
with open(input_file, 'r') as f:
for line in f.readlines():
# #&Tabi 54|
list_vals = line.split('\t")

(8) HI— MR AR, AR X AR TR R

# R FHERERES AT, B
if list_vals[1l] not in orig_labels:
continue
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(9) FEHUbRZE, FPREHAS N 2512 00 5 1 -

# RPAFE, SFHARWE LN K0S @

label = np.zeros((num_output, 1))
label[orig_labels.index(list_vals[1])] = 1
labels.append(label)

(10) $RHCFAT, FRRHAS IS 5 R 05 11 -

¥ RBFF, ARLR0I LI LG &
cur_char = np.array ([float(x) for x in list_vals[start_index:end_index]])
data.append (cur_char)

(11) 2454 LB ZEamT Bk HAE3A .

# B RN B BB B AR
if len(data) >= num_datapoints:
break

(12) B L Bt 45 UNumPy %04 -

# W RAR B R NUMPY £ 48
data = np.asfarray (data)
labels = np.array(labels) .reshape (num_datapoints, num_output)

(13) FEIBCEE O ZE L5 L -

¥ RBBAEGEEA S

num_dims = len(datal0])

(14) 10 000WRIEMSRINZRph 2 M % -

# A AP & R &

net = nl.net.newff([[0, 1] for _ in range(len(datal0]))], [128, 16, num_output])
net.trainf = nl.train.train_gd

error = net.train(datal:num_train,:], labels[:num_train,:], epochs=10000,
show=100, goal=0.01)

(15) S iy A KSCHh 0T g 1 2054 -

# MK N BAR TR S ok 45 AR
predicted_output = net.sim(data[num_train:, :])
print "\nTesting on unknown data:"
for 1 in range (num_test) :
print "\nOriginal:", orig_labels[np.argmax (labels[i])]
print "Predicted:", orig_labels[np.argmax (predicted_output[i])]

(16) EF ARG LA ocr.py LA Z H o 21T, T LfEm 44T TEP AR mE11-1707
INIEE R



11.8 AAZ WA E—-MEFFHFRAHNE 229

: 8900; Error:
: 9000; Error:
: 9100; Error:
: 9200; Error:
: 9300; Error:
: 9400; Error:
: 9500; Error:

.167967242056,
.141695146517,;
.123315386106;
.123516370118;
.153659730139;
.106912207871;
.0833274962321;
.204787347758;
.208864612943;

: 9600; Error:
: 9700; Error:
: 9800; Error: 0.177338615833;
: 9900; Error: 0.152109654098;
: 10000; Error: 0.130557716464;

The maximum number of train epochs is reached

[ SIS IS IS IS I IS I S IS

Koo11-17

M W2 i 25 SR I E - 18P .

Testing on unknown data:

Original: o
Predicted: o

Original: m
Predicted: m

Bl 11-18
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TERX—5, FAENZGLUT T

O m3DHE K
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Q aJAE T E

Q IG5 TR

12.1 &Y

BRI AL AR T HORZG , B EA BT 2 IE A A SRR B A s . X e 3om
YA IR R A5 . B nT ALY 22 A bz — o e i b s th s, AR
TR . AR SR S

TEBLSEA B b S S AF TR P EUE R, FRAT TR X SE B B A IR L 2k, i 465, LU
UL 7 X SO L B AR B, (RN AT LAGE S A 3410 OB SE 45 2 e B RN Y o X —3d
R Z TR a 2, AR AT BRORERER . g RETHASE .

FA VAR R R n 45 A i Z M AR R, U BT R Bl i 70 A o an 2R AR
AR NRRERIIE, ATRUHZMS R . X — RS A R T iea b py T i,

12.2 E 3D 85 F

X — g > U 3D UG, I 2] el =4S i) ] AL X L8
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[E2ii b
(1) A —DHr - Python 3L, FFEFALITF AL

import numpy as np
import matplotlib.pyplot as plt
from mpl_toolkits.mplot3d import Axes3D

Q) Bl —A AR
b AR—AEGBRR

fig = plt.figure()
ax = fig.add_subplot (111, projection='3d")

(3) 5E SUNLZA L ELA R

# R SUAE R A AIAN B
n = 250

(4) A= Lambda PREOR AR 45 5E I8 FRIAY -

# Ak lambdad Fok £ R4 F T 6 E

f = lambda minval, maxval, n: minval + (maxval - minval) * np.random.rand(n)
(5) HIEXASBRBUERIX . YFIZAHE :

# ERAL

x_vals = f£(15, 41, n)

v_vals = £(-10, 70, n)

z_vals = f£(-52, -37, n)

(6) T} 33X LE1H

# 3 E

ax.scatter (x_vals, y_vals, z_vals, c='k', marker='o")
ax.set_xlabel ('X axis')
ax.set_ylabel ('Y axis"')
ax.set_zlabel ('Z axis"')

plt.show()

(7) eERUE B 2t 5 fEscatter 3d.py 3CHFH . ATz U, al LA BIAnIE 12-1 PR i IR
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12.3 BESBE
THAE WA, 7E SR, AR B AR /NRR XA S A IR

EMSE
(1) 2 —Python3CF, S AU T REFAL:

import numpy as np
import matplotlib.pyplot as plt

(2) 5 SCEA BURE R L

# o ARG AN

num_vals = 40

(3) A B AIL A s B Ry 1«
# AL

x = np.random.rand (num_vals)
vy = np.random.rand (num_vals)

(4) TEAH B P SRR R TR

# RAXHEANEG TR

# /ERRKFE

max_radius = 25

area = np.pl * (max_radius * np.random.rand(num_vals)) ** 2
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(5) & B

# AR L

colors = np.random.rand (num_vals)
(6) 1] H X LE{A

# 3k 3R s

plt.scatter(x, y, s=area, c=colors, alpha=1.0)

plt.show()

(7) &FRASE 240 5 7Ebubble_plot.py X4, B4 720, W LIAE BN 12-2 08 B 4

®0e Figure 1

®/o0[+/«a@|

K 12-2

124 BEIshES58E

N R Qe 3 25 A o AR B Eh AR R T AR, AR TRz AT 3

pE A
(1) AW —~Python L4, FF-FA LU N REFAL

import numpy as np
import matplotlib.pyplot as plt
from matplotlib.animation import FuncAnimation

ERt#tXLRA lindorl(2948899818@qq.com) = EERMY
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(2) L —"tracker BREL, ZRECK S E A

def tracker (cur_num) :
# K BAT RS

cur_index = cur_num % num_points
(3) & ML Eifh, .

# o X HAE AL
datapoints['color']l[:, 3] = 1.0

(4) BRI R B RN -

# RATE B KD

datapoints['size'] += datapoints['growth']
(5) BB A i B BdE SN

¥ RHESTRAEGEIEENEZE
datapoints|['position'] [cur_index

] = np.random.uniform(0, 1, 2)
datapoints['size'] [cur_index] = 7

datapoints['color'] [cur_index] = (0, 0, 0, 1)
datapoints['growth'] [cur_index] = np.random.uniform(40, 150)

(6) EHTHUR S

# ZHHREB R

scatter_plot.set_edgecolors (datapoints['color'])
scatter_plot.set_sizes (datapoints['size'])
scatter_plot.set_offsets(datapoints['position'])

(7) & XmainbREOIFA R —28 T EIR

if _ _name_ _=='__main__':
# ER—AER
fig = plt.figure(figsize=(9, 7), facecolor=(0,0.9,0.9))
ax = fig.add_axes ([0, 0, 1, 1], frameon=False)

ax.set_x1im(0, 1), ax.set_xticks([])
ax.set_ylim(0, 1), ax.set_yticks([])

(8) 7 SCAEAT LIS 1] 5L PR IS A

# ERAL B Al Femnde AR B, AR ALY KR B AT AL

num_points = 20

(9) FAFEHLIA E Sk BEHUE 55

datapoints = np.zeros (num_points, dtype=[('position', float, 2),
('size', float, 1), ('growth',6 float, 1), ('color', float, 4)1)

datapoints['position'] = np.random.uniform(0, 1, (num_points, 2))

datapoints['growth'] = np.random.uniform (40, 150, num_points)

(10) IEE—HCRIET, B P A A — AT 23 BORT -
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# Al —AF—MHA L FNRER

scatter_plot = ax.scatter (datapoints['position'][:, 0], datapoints['position'][:, 17,
s=datapoints['size'], 1lw=0.7, edgecolors=datapoints['color'],
facecolors='none')

(11) Htracker PREUR Sl B .
# Mtrackerd ¥ B ) 3 S

animation = FuncAnimation(fig, tracker, interval=10)

plt.show()

(12) 23505 B 440 & fEdynamic_bubble_plot.py X4, i2fTiZ LR, W LIERAnE12-357
NI EIZ

fo0o+«B®

K 12-3

12.5 EHE

AT T i — DI, HISRALIE — 2 550 A A 0 L T 9L TR BN | T L F 5]
Al AT
ELipIA

(1) 2 —APython3CF, FHSFALL T REFAL:

import numpy as np
import matplotlib.pyplot as plt
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(2) 7 LA AR RIS A

BRI A 6 R U AR B At B A
data = {'Apple': 26,
'Mango': 17,
'Pineapple': 21,
'Banana': 29,
'Strawberry': 11}

(3) & AT AL A (2 -

# 2 SUTAAHR &
colors = ['orange',6 'lightgreen',6 'lightblue', 'gold',6 ‘'cyan']

(4) 5 XA h, IR R —853, K5 HARES I3 80T . ARG AR & 4
WA E MO

# RAAEHRE d—H

explode = (0, 0, 0, 0, 0)

(5) mPHEL, IR, W AIPython 3pRAS, NAZAE F A BRECH I 1ist (data.values () :

# B E

plt.pie(data.values (), explode=explode, labels=data.keys(),

colors=colors, autopct='%1.1£f%%', shadow=False, startangle=90)

# EEHBYTSI, “equal”’ ATFAMAZLZTCLRANM
plt.axis('equal')

plt.show()

(6) FFHCIS E 4 & FEpie_chartpy P, 21124, W LUE EIanE12-4Fr R i S

E 12-4
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I KrexplodeBU4H%X E N (0, 0.2, 0, 0, 0), JIB4Strawberry# /¥ st R,
FE12-507 6

#o0+« @@

B 12-5

12.6 B HHEARBETE)FFIEHE

IR AT AR s ] P 5 K o n 2R A A I A SR A T T LA R B
LA Tz A

FHRSR

(1) A= Ji—PPython3CfF, JFF AT RTFAL:

import numpy

import matplotlib.pyplot as plt

from matplotlib.mlab import csv2rec
import matplotlib.cbook as cbook

from matplotlib.ticker import Formatter

(2) XM HUHERLASE ini o REIRE A .
# AR B A KA

class DataFormatter (Formatter) :

def __init__ (self, dates, date_format='%Y-%m-%d'):
self.dates = dates

self.date_format = date_format
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(3) HREER E TR (EL, A A AR HaR 9]

# PRI “position” 4z B &yBFE] 69 4A
def __call__ (self, t, position=0):
index = int (round(t))
if index >= len(self.dates) or index < 0:
return ''

return self.dates[index].strftime(self.date_format)
(4) & LmainkR%, FRATEFH 2 matplotlibHr3E 520 7] AU BEEER r CSV L

if _ _name_ _=='__main__':
# N QA RN ACSV A
input_file = cbook.get_sample_data('aapl.csv', asfileobj=False)

(5) In#kCSv3cfst.

# FFCSVI A A Fnumpy 1 F 48 F
data = csv2rec (input_file)

(6) FEHUXLEAE Y T4R, FPRE L -

# RBFTEH 3k
data = datal-70:]

(7) A — AT S, IR AR iR e

# AlE—A B Xt

formatter = DataFormatter (data.date)

(8) & SUXHhATY 4«

# Xih

x_vals = numpy.arange (len(data))

# Yin ATk &N

v_vals = data.close

(9) 1] H 0 -

(AR &2
fig, ax = plt.subplots()
ax.xaxls.set_major_formatter (formatter)

ax.plot (x_vals, y_vals, 'o-')
fig.autofmt_xdate ()
plt.show ()

(10) 23RS 2 4 S fEtime_series.py X o i1 TiZA, FTLLIE B AnE12-6 R B EIA
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2/o[o -+« |

Kl 12-6

12.7 EEHFE
N SREFE AT 5 R, AR S, T DU B O L

EHLSE
(1) A= li—Python3C4, JFF AUTFRETAL:

import numpy as np
import matplotlib.pyplot as plt

(2) AT SRR A T, R LU B -

# I ARAE

apples = [30, 25, 22, 36, 21, 29]
oranges = [24, 33, 19, 27, 35, 20]
# WEEE

num_groups = len(apples)

3) AIEE— 1 EG I LS

# Gl RR

fig, ax = plt.subplots()
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# R A X4

indices = np.arange (num_groups)

# Ay BANTEAERNE
bar_width = 0.4
opacity = 0.6

(4) 7

# AT H
hist_apples = plt.bar (indices, apples, bar_width,
alpha=opacity, color='g', label='Apples')

hist_oranges = plt.bar(indices + bar_width, oranges, bar_width,
alpha=opacity, color='b', label='Oranges')

(5) BLE EHITEIS L

plt.xlabel ('Month')
plt.ylabel ('Production quantity')
plt.title('Comparing apples and oranges')

plt.xticks(indices + bar_width, ('Jan', 'Feb', 'Mar', 'Apr', 'May', 'Jun'))
plt.ylim ([0, 45])
plt.legend()

plt.tight_layout ()

plt.show()

(6) EFP S B 2 & FEhistogram.py LA o 184740, vT LUE BN 12-7 s 1 S

[ JoX ] Figure 1

[ Apples
I Oranges

#[0[0 + «[Em

B 1227
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12.8 AR TIE

FETOREF WA E . 405 1045 5 A — @ RAHDCHERS, AT DL FP R R 80
Ba W< £1 4 2 R O = SR (£ TN S L L el S TR EER (= 8
eI

(1) A= fi—4~Python 34, IS AU FREFAL:

import numpy as np
import matplotlib.pyplot as plt

P, S
(2) 72 LI Bd
[ SR
groupl = ['France', 'Italy', 'Spain', 'Portugal',6 'Germany']
group2 = ['Japan', 'China', 'Brazil', 'Russia', 'Australia']

(3) A — BB HERE G«

# AR — R AL

data = np.random.rand (5, 5)

(4) BE—EA

# AlE—ARR
fig, ax = plt.subplots()

(5) fEE—A T

# Al —ARAIR

heatmap = ax.pcolor (data, cmap=plt.cm.gray)
(6) i H 3K HEAH ;

# OB A AR AR A B S b o 8]
ax.set_xticks (np.arange (data.shape[0]) .5, minor=False)
5,

+ 0
ax.set_yticks (np.arange (data.shapell]) + 0. minor=False)

# LRI BIETFR—KE
ax.invert_yaxis()
ax.xaxis.tick_top()

§ AR AR 5
ax.set_xticklabels (group2, minor=False)
ax.set_yticklabels (groupl, minor=False)

plt.show()

(7) EEBEAAS 2 240 & fEheatmap.py LI . 24718, T LI B WNE 12-8 /= I EIE m
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[ JOX ) Figure 1

Japan China Brazil Russia Australia

France

ltaly

Spain

Portugal

Germany

«“ga

12.9 FESESHIRIRILERL

UARAT ZOR SR ST, el 07 SURE BIOE SR AT AR Y o X — 1R DR A a0 52
SIS BEATRHIL, IR T

TS
(1) A — 1 Python (4, JFF AU FEFAL:

import numpy as np
import matplotlib.pyplot as plt
import matplotlib.animation as animation

(2) QE— ek, T MBI IR S -

- Wk &
def generate_data(length=2500, t=0, step_size=0.05):
for count in range(length) :
t += step_size
signal = np.sin(2*np.pi*t)
damper np.exp (-t/8.0)
yvield t, signal * damper
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243

() X —MinitializersR¥L, HATHREIGHHSEWIHIL:

# R XIS B
def initializer():
peak_val = 1.0
buffer_val = 0

(4) B E X LESHL

.1

ax.set_ylim(-peak_val * (1 + buffer_val), peak_val * (1 + buffer_val))
ax.set_x1im(0, 10)

del x_vals([:]

del y_vals[:]

line.set_data(x_vals, y_vals)

return line

(5) E L—PRESR I ) I LE (-

def draw(data) :
# AR
t, signal = data
x_vals.append(t)
y_vals.append(signal)

x_min, x_max ax.get_xlim()

(6) ALk LLE i S BT Xl AR KA A, IR AT Xl KB I e R4
if t >= x_max:
ax.set_xlim(x_min, 2 * x_max)
ax.figure.canvas.draw()

line.set_data(x_vals, y_vals)

return line

(7) B XmainbR ¥
if _ name_ =='_ _main_ '
# AR
fig, ax = plt.subplots()
ax.grid()
(8)%%E1%§:
R
line, = ax.plot([], [], 1lw=1.5)
9) OEAR &, If Iz HI R HAI IR -
# AEEE

x_vals, y_vals = []1, []

(10) FHZh XSG %E SO A B2l -
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animator = animation.FuncAnimation(fig, draw, generate_data,
blit=False, interval=10, repeat=False, init_func=initializer)

plt.show()

(11) EERAYICHS B 441 & fEmoving_ wave variable.py X4 . 124 TiZACH5, 7T LLERIUNK 12-9
Fis B EZ

B/oo+|« am

K 12-9

B R#tXE 5 lindorl(2948899818@qq.com) E= BERRN
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