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from sklearn import linear_model

import matplotlib.pyplot as plt
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plt.rcParams[ 'font.sans-serif']=["'SimHei’ ]
plt.rcParams[ 'axes.unicode minus']=False
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model=1linear model.linearRegression() # iAo = F M E
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y_plot=model.predict(Xi) # 4 £ A R ]
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print("y=",model.coef_[8],"x+" ,model.intercept_)

print{model.score(Xi, ¥i)) # score( )EEEHMATRT F L
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plt.scatter(Xi,vi,color="red",label="sample data",linewidth=2)
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plt.plot(Xi,y_plot,color="green",label="regression data",linewidth=2)
plt.ylabel("firf&/4")
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# calTree.py
def createDataSet(): #ﬂ@ﬁMTi@éﬁﬁiﬁﬁ%%mm&ﬁﬂﬁ
dataSet=[[1,1,1,1,"no lenses"],
.2,7soft™],
1,"no lenses™],
2,"hard"],
1,"no lenses™],
2 Teortily
1,"no lenses™],
2,"hard"],
+1,."ng lenses™ ],
.2,7soft™],
1
2
1
2
1;
s 23
" 98
P
+1;

-

-

¥

-

-

¥

-

-

¥

-

-

¥

-

-

¥

-

-

¥

-
-

-

; na lenses™],
,"hard"],

; ng lenses™],
J"soft"],

"no lenses”],
"no lenses"],
"no lenses"],
"no lenses"],
"no lenses™],

¥

-

¥

-

-

¥

-

-

¥

-

-

¥

-

a
-

-

-

Fﬂrﬂrﬂ.—1rﬁrﬂrﬂrﬁrﬁrﬁrﬂrﬂrﬁrﬁrﬂrﬂrﬁrﬁ

WWWNNNNNNNNER BB
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e
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-
-
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[Elllzjzlnhard“])

[3,2,1,1,"no lenses™],

(32,12 . “softi].

[3,2,2,1,"no lenses™],

[3,2,2,2,"no lenses™]]
labels=["age","prescript”,"astigmatic” ,"tearRate"]
# agefCAHFM”, AIME: 1 (T FA) « 2 (PFA) - 3 (EFA)
# prescriptfA“ERY, A24E: 1 (M) « 2 (iL4R)

# astigmatic AR THAY, W2l 1 (F) -~ 2 (A)
# tearRatef A“AH T, H244E: 1 (RE) « 2 (E£F)
return dataSet, labels

def calcShannonEnt{dataSet):
numentries=len{dataset)
labelCounts={}
for featVWec in dataSet:
currentLabel=featVec[-1]
if currentlLabel not in labelCounts.keys():
labelCounts[currentlabel |=@
labelCounts[currentLabel J+=1
shannonEnt=6.0
# it EREESFELE
for key in labelCounts:
prob=Ffloat({labelCounts[key])/numEntries
shannonEnt -=prob*log(prob,2)
return shannonEnt

RN ENRARREE237HF, BPHHEFEAEEFHEET
AT T I,

Bl 237 {50 Python SifRHT S ERG PR

Mt E %

fogas tH— BRI, AT AR R AR PP 5 W — IR AT & SR —SepfA
B, RIS B, miR e M pr B, RARACEAE R, ARSI
N EREF R PRRACR I 2 258, IR AR A R Y B0 U e B, 19
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MR AR R AT S D S AT R W R gV
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EARRHMEEEAFIAIHEPAHATATRERRLS ENEFA, T8
oy AitAiTR S, TREFHREREMG S LS, AAFMTETLTH
G B E L3N 5

W I e R AT AR P, R AEA T SE X ST TR,
FLHWHY SRS TRy eaE, MR LAY BT R S,
HH LAt TR A, Hae, TRAEEMOHEIHRE, HFEHFA
FTEFASNEDFRAED, D TEHREMIFLAT TR A,

m S R RRNE TR, REA T Lt T80
FFatr, FHEFESESTHESTT T AR T RZEAGRA,
W) deid AR 3 o T 8

EHE=Z

BRI R TR AT T PR T SR R 5, R B W i AR BB IRBEE & A 2
N, BEAR R PO RRIESS B CAEES . itk 2 S HOE IR IR ) Wi B, RIS
BA R A AR, S8 RE R (CAESWR, Bob i, BHE ), Wik
BAAHEAFRE A B IR RS .

L iR
BEE3
H R A AAR A kW, R—FHtoFRAGsEsE, BTERESA
fFk. MR EFIRAALT—0HEA, SEMHAHA—A5EP—4
£, b EF A ELMEN, RANBEEFIRTUEFI—S0E£E,
SR BB A DA R EMG 5,
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Wde, B pE@dmBFiame, RALSCRAENGE T I, Atk
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241 NRETHEARE

2370, FRAME B bk 1 R AT R B IR B [RLRE, 2325034 PR AR
FWOUREC AR, BIAE SR b5 el Bk el b R BB IR . SRR IEAR
ForaFek, EP N AR AR A 202, moil L Edn e, RidEz
(1A A WK B FROCHE, R A DGR i R G e, FR sl o i TG,
I EERET EARSE . M e s i Bk 2. Hrp, sl mBdiRgE SR k.

KERED
&

—FERA S MARERE 4 ADFL, A DT ARERD LA KB
Mg AT A, EA AR S T A A4S T B 4 D
FAMERZ AT —8,

B242 BRE2SELERFT RS LT ROABDF S oM Pl
Wep i, P A—A R R B

N

4574
L]
a0 4
35"+
3074
2574

207

S0" 95° 100" 105" 10° 1157 1207 125
Fl24.2 FEEFEE B RS P B
FRAE B TR N 4E, HEMEREHIOAFRABEE, FHH
HEB.

fEdlas =, AR R R HAR R A Ak, o d s R — e 2k Hs el b s
A K-SR, MORRE K-8, P BE TS, J5AY W R R A 0 e A b
i, AR PR R AR S R b — A SRR, A AR T AT LURE A4
SZ IR, B RGE , RRAHLLER R

K-Wfk g — g R, WL 2REEHRARAAREMEER. HEHE
BJE, th TR AR, FRaE s m At G el e A—8. 4 THERA
[ Bt 9 A A (0 1B B P2 iy R, WY LUAE ] K-Sk 2 iy, R4 B £ 1R
S L% B (| DO i = o 56 1 R B L R R TR T T N (RN M (E O 13 9 NG (E TS 2 S [
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24 ERK-HERGHTES 53



K- W8 ny B L3R F

L A m PEE s e, B AP RO Gy, Al TS H Al R A 305 & T O 1Y
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1.0
0.8 A
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0.0
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B 244 H—{eikBUS eRE i ik B

e B, AN A A Rl B A R, QSR A T R
W4 R U RS IS . P4 kPP LS MY, B K-S m — AR e 2 b,
“IpErabikal” FEEhh, MAHERCR2, 3. 4, SHF, BRI AL R mE 245
Fras, Hh M EE SRR TE— 38R, AL Erbr SRtk
PERE S S iy A Sk B (Y B 1T I, T 0 e R T R M (A L A A (R R

R 8 e 3 WA S A v 0 h N 0] (VA R (sl e J b i L8
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0.6

0.4

0.21

0.0
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1.0

1.0 .
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':IB 'i-l -
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0.0 .
0.0 0.2 0.4 0.6 0.8 1.0
lb) k=3
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L
0.8 | ¥ g ;
s
(.6 4 . .
0.4 " .
0.2
L ]
0.0
0.0 0.2 0.4 0.6 0.8 1.0
(d) k=5

Bl245 kEIHUEHR A2, 3. 4, SEITRBIERE
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T mizER
AT EEAREMETERMRE

TR TEEGORE, FLOREFEZAA/HN. —HEALTER
HRE ERHFEBISHBASAGEEEERATRELR, @F,
FEREBSEMMATANAERE RS AZ R THRES, FETT
HEEHARNTERLEARARALR. AR F A TEANR L
7 i#% ( Density-Based Spatial Clustering of Applications with Noise, DBSCAN }
A-FRANFERLLE BdB 240 BURFEAFRELELR

£ H.
1.0 - ,,__‘EL__‘ 10 —J.-_.,L—
G5t " 05 . e
iy : 3 0.0 4 - b =
05 | "-:h : 4 -5 Fort—— s
1 . ":J'f_"_' e 10 k. :‘.}-?"'
o 4+ 2 a4 4 T
o] BT BEMES (o) BTEENRA

246 HTEEMEREARESTEYE
F-HEATERGRE, AH )
R N CPSP SO € SUESE IR
Ry E R & F ok (Agglomerative
Mesting, AGNES ) # #, © L4540
ETHEAHERF—AEBRERER,
REREFENHAEI,, LIHF
RAMRELR, WwH2LTHF.

+
abwedef

247 ATRESHER

242 K-HEEEREEN—BIRE
H e R R, K- B RS T — A Tt T L AR SE S 1A 2.4.8 B R Y

4B
B 248 K-S{EERE MR R
K- MRSk vl LI PR Z R BB 0GR, abv] I F ik A Y
H A S ( Gross Domestic Product, GDP) Z[RIFOCER, Mk 3 TS & 2 f b EE
P LAE . T i e — P BT R A A 50X R
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B SRR

FAr 1T LAt ok R AT TR I s ARIBURH D31 2016 413k T A R GDP &3 -

EEHE 1.0 N
PRS-, aTRUE A o8
MO — (B ALBE, (074 REA SRS P A AT K o6 s .
[0, 1197, H—4L/5 5B Python S 8800 S22 MBS o4 .
P S Ll S R AR ER RN R B X 1 ve
~fe 0 COPYRER, W 24905, Tk | &7
A ORI GDP BB THE 00 02 04 06 08 10
Fz24a9 Sl ADTRICDP R SF
M B

AR TF R 2803k, TS AR AR A SRR A 2, AT T 25,

it LA AT P i AR

@) =uzw

f& B Python 458218 5 72 Bt 3 i A9 5 26

AR A @ o GDP A AT AE A ], A8 Python #4248 5 55 FLAT X 235,
T RESH, BWERGEM (PRENET) A3, BAERELLT:

import matplotlib.pyplot as plt

import numpy as np

from sklearn.cluster import KMeans

# XA F A D, ¥H L T AIGDPIR — L5 A T A AL R

X=[9.41823906,0.392136188,0. 244646275 ,0.295741185,1,0, 402932005,
B.233670728,0.204359665,8.182429538,0.192377626,8.231636776,
B.173454991,8.282511435,8.230998733 ,0.18569964 ,8. 272873162,
8.2948240559,0,209588838,0. 20388A383,0.1468492402 ,8.151575788,
©,209077593,0,056072947,0,104114932 .6, 0947985896 ,0, 064130868,
8.081013561,0.03901951, ©.033924148,0.04478287 ,0]

¥=[1,0.989578963,0.
.413914541 ,8.
L228192983,8,
198271942 .8,
.118126232,8.
.B66271524,8.
# e gt
x1=np.array(X)
x2=np.array(¥)

o B T s B e R )

629086871,8.
392335797,8.
216762169,48.
197919196,8.

899836885 ,9

B842976612,9.

629121162,8.
363125277,8.
216142431,48.
181419414,48.
.B098464349,8
836883527 ,9.

6235968384 ,08.423196987 ,
325376797,0.2738563133,
2687997132,08.204537a53,
141664183 ,8.139625768,

.091182437 ,0.873288687,

929661631,8]

¥¥=np.array(list(zip{x1,x2))).reshape(len(x1),2)
# AK-HAREFERURE, TAEFKk=3, KO T:

cluster=3

# FTEARH

# KMeans{[n_clusters,init,n_init,..]): MTsklearntisk, #HiEK-MeansH&H
k=KMeans{n_clusters=cluster)
y_pred=k.fit predict{xx)

# EMEEENHEE
plt.scatter{xl,x2,c=y_pred)
plt.show()

# ER
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B R FR R4 E 241007, M I —ILESem T AT, Wihh
2 —1LEHGDP, TlAE, WwRFHTELSAHIE, FH6I2EE SME
BTHANXALE, L7, FH, AP Th, BELARLAFSANY

— S AN E L
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0.2 _"i:-
Ww
o001 +"
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B 2.4.10 i Puthon SEERET & a0l oY F 2555

HEEKD, EFrEga v, AEUEREZEN T, BXR LN
Wik FEE -k,

W K- BEREAARRIEE RS, i (a5 A9 W 2825705 I ( Sum of Squared
Eror, SSE) J&—PFREGEIF (- RISERAIEER, FIRIE A gd b O RO R - i 2

. SSE[HMFHEE]S, RIS R
ERFEE

MARFG— AR, TR S A O B, R e R, R

S0 T 5 2 S L 7 4 86

K-SR — e A R0, eiasrt, HAEORRIA, (R k(b vk

S H e I SO 3 A 2 B o) 39 dp 2 ) SRS L
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aul ABRIME | o, aRAEA)
L
58 2
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¥k, BEFHNHA-TARATHEM AN ESE, FFE M
FHAohRA . HHEASRMEG BN, MEF T ket R, #4
AR TRE T A F kR MBI, ZRARTA TS MEGE
B#, REAAIFEHREAHELERBFHDE, TR, FMEL
B, B feftdiF, MREETATELEFI R EHERERIE, AN
AR ERETEA, e, B R L9, RERFtih
B, EEBERIEIE, ATURFREGAZESL, wH251 FFF.

B wocaosms =W-F

R S T R - (e R e
EHET ; 12000960

E2s FEEs 5 oy Ees

B
1. BRRAFARELFF B A MRMASTZ, AT BEAHLEERF
BEAT XA, 2ESHANFE.

2. A EFRAITH, HHARZLN “HL" HEAEEFRT
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251 AI#ZmK

A, BT AU R R e i AT N PR — R A TN A A ) T
) AT EE M ( Arificial Neural Network, ANN ) 2R A2 9040 25 945 ( Biological
Neural Network, BNN ) M 509, S2A80 e MR R R m . A4 ph 28 i g% d Ak AR 1 24
AT RE A A g T, Meeonb skl Har 2 2, HARERE RO fth 2 it 14 1 1ot A
ML B LA b, TS S 1R 85 A, 252005, W
EhA-fegsofi ke, SR RE DA P2 g . A I 12 TP 2945 140 2444~
PEa L, FERAOMGE SR, AN 2 AN BT R R s SO AT A, e
bl B S B[ TR Sk i

SRtk

B 252 M ot nt Sy

ATLHE R HHEARRE
1943 4F, O B FLIRAL « R % 5 ( Warren MeCulloch ) FIECF ZCIR IR AE - B
( Walter Pitts ) 2 15 H8 18 M-P i 22 50 $i m
M-P i SRR SR R A b2 S I 2 R

|9 55T
T PR A

Lz

T T e i r it J==;'(i‘w,x. ﬂ]
4 LB o e —T- 2 fife fe 17 i . =l
FHARAY, 253005, E y

P 253 BRI, Mz esk
K H n P HAR IO R ARG Y o~ BBEE \ |

(Xpe Xy ooos X, ) IEBEET A SR A G 253 M-PhbE TR
Z G, e ok xR R s oo
MG G AELLEEE, RPEECHS RS, it RO eRELT PR e T
flm, Frad “hEST PR, HEF R T e RO, fF— A
Al —A 2 B A WA, B AR AL, Bw=w,=1
PREEICIME 0 = 2. I IR PR T LLAE S — I R eR %L .
I, x=0
,fm:[
0, x=<0
A E R E 2,54 ok, i, 58—y = FIxx, + 1 xx-2), x,, x,E@TF
G0, 1 BE Yy =n=11, y=1. Hilt, X0 LEE—T5] (E255), B
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Sk A SR SR, S5 AT YR, WSS R YT

iz
! -
o i K
BEl2.5.4 eRELS ) BIEEE Bl255 510 A TRl ) SR s g

Pe2.5.3 s i R RO B, R AT — MRS o AR R
F2E, BhEHEEW A FENE - ——ZHE80Elsh 2. BHEna s
A4 A CRBCEAE . BRI WA A Y e A S R R R T L e A
HARLE, (SR W R REE, ek b2tk .

T AiEER
Btk 5 ARt

EF@EAET, o RAAEFZAG LR TR — KRR RASE, Wik
HALFAHBBLR, FHURAEREER, iy =hctb, phrhBBL
£, mfEy=xP, yHExWAHEZHKXE,

iy R PR, 4o TV Sk S AR A 81, )3 )R o 25 17
TR % AR A SR, B256(a) A—AEEFME, TR —& H&H4
el e s AmE, HE256(b) A—AkErLRE, LA
— &l 4 T R F A L e B AT R 4

() BHEHZRE [b) He5HH£R B
P2.5.6 Lt RS S5 R Y
P Y BB Z 4 E N, SRR T A — A @it AT R A Ao KR
iy 4F 45 P 9] ] il A Rl

N T I 4 B 1 S AR

ZLUERANL (BB LA TAEE RS ) ALY SERR 1, S0 T35 TR, i
7 ) 4 SR A A AT SR TR 1 {3, 2 2] i B b R TR i e o o A 5 it
Trnm fefl, CAURRERE— 2 28 [82.5.7 B it HoAT— 2 R 2 04 22 Fe
AL, BRI o AT (b TR g L F AT P ORI o SRy sl g 4
AT 45
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R A TR A (LU ) B bl 2 o 4%l
25 [ SRR ) FLARAY IR T Al B, Wk 1w
A R, UG eR k., MR R R fE AR L
B ARAL & S b T P

C TR

A o) PR 7 5 MR 8 P 28 B — T2 i 1]
SR T bR, B 2.5.7 vk BRSO ACK
Fiy. iy by G RUEHS, A B RO R AT R £
o, Moy fEEAMEERETRD, b oS
257 S—RERENsREmraE I PR

Mo =flEXwHLXxw,+EXw+i, xw+b)

A e, B A B2 AL wy, wy, e, w0 A (6] S AT AL
bRy EEI ;e B RS R R

m T L

WO R ECH B ze e | ARERPER F . o LU T el 2R O 2 i ek B O, (T A g 2%
AL AR AR R e ph B, DR R, T AU EHE PRI Sigmoid, Tanh il ReLU
G, 2504 T AR FROS RO R B

#2501 H BT EYOLLREE &

i Sigmoid Tanh RelLU
: 1 * e—e ]
H R FA =T 3= 5= fx) = max(lh, x)

.FIII-; ' ! llf:n Tixl

ni L ;

06 : 0.5 flxh=x
EMER |, i -5 |

n i -u_-ir1 fin=t O

mm —I—-pl K

-0 -5 i} 5 I =1.ik

LR IENE

401 25 PR EL ( Loss Funetion ) MFR{UHTeAEL ( Cost Funetion ), FHAETEAL Pl 28 M 25 6000 1Y
ML S PSR A — SRR, W HT R s B A5 1 7% 3 ( Mean Squared Error ),
My a8 25 ( Mean Absolute Error ) F122 U ( Cross Entropy ) %5, AR 0K R EGE 75
B RIS R A ], Ll A R 2 3 1 A BB {ET OO [T, <2 U T A i o 285 [m]
P P2 R H Ar R o e B (Fdse b, 19 8B

L [0 A

il o S5 A — R S BURUAE R 0 A i, B s P R R AR BCE L D AR
FERIPLAY AR R AR SR ORI R R E A
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WriEA s A R (R SH A SRR E A, 15825 R ) (448 E R il 2 1 i 2
B2 i AJZ , [#I90 — 28N B R, IS s i ok sR B — A g Bk . X
i R PR S BPFETL ( Back Propagation Algorithm ), =il ERpfies Wi B . e
SERBIVRLZ —.

m AR R TR

flifksd (Optimizer ) B9FFE R AR D22 S {4l il B rp sl i o2 e ) o i oy 5 pl 4%
RS G W WA A HERAE & T FEE (Bach
Gradient Descent, BGD ), F#HLEREE R (Stochastic Gradien \
Descent, SGD ), afatfE4kiE ( Momentum ) F Adam (8 £S5 II !.'I
A ML Ik, BT ( Gradient Descend ) 4% \Km /
LEE B ETD, BB E R R R, B2
D RERECP, SEER— T, AEA R, B HA . o
HETOCT R REIIE S, LR LU AReE 258 SR eRENg RIS
ST EE N [ B N i i T o 7 G 2 I i e A I RS 1 N e 6 e A (ER 4
BIVERAS. Q258 0, TRLlriibm)f #ah2x W Har e M & .

T e
=

T RiEER
FEEE

%5 %% (Leamn Rate) AL M F L+ M T4 A8 £
By —AEE Sl St E Tk ETE " — P,
BEAL AR A P A G R ME, 125 D) | o
AROMLEREEE S, R —F e, &
e il o ] ik BT VAR A R A S A 6 E
i FIAL, 12ARA DI shiE AR, B259% "
ENGE SR £ b R iE e 8 BI2.59  AN[ERY S MO R R LB

ATHE MR SLId

425 o S BRSO A el R IR P (R ORISR 5 S SRl
W, AR TR R S BRI 9 TF R, 300 2L T SN P UR N 2 1
S R AR TT IR

Keras J&— 4~ F Python SR B85 5 it 19 TF IR Al 25 RO 45 B, BT LR e S IR e 535 o 2
SBURIREEE . ST NG, PR RIS TR, R AR Keras IR BI04
VRS R R 2R AL . RO AN

m R A

Sl TR R, PR IR AR, LA T A A,
BRI . (VIR 2T, T M A R R SR A, UM
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T =it . R T RS SR A SR Z MR, Ak E T 200446
P A AR T A AT R P L SR, 0 B R e A
Advertising.csv i, niE 2510005,

sm| TV radioc | newspaper cales
1 2404 ar4a BO2 289
2 44 5 393 45.1 10.4
a3 17.2 45.9 69.3 9.3
4 1515 41.3 hB.5 18.5
B 180.8 10.8 fE.4 129
[ B.7 48.9 75 7.2
7 7.5 328 236 114
8 120.2 19.6 11.6 13.2
a B.& el 1 4.8

B2.5.00 A8l 48 5T o A BE & SRR (R

W T AL FHHR 0 Python SERE 11T pandas BEBE, IIGIC AR OBCHR IR
Hiok:

from pandas import pd
data=pd.read_csv({ ' "Advertising.csv')

Hor 5 75 B data 22— F pandas 57 3 DataFrame SO E58 0T LU 3 datahead( ) P4
bigie e I RERE 1€ P

Unnamed: 5/N TV radic newspaper sales
I 23,1 37.B 62.2 22.1
2 a4, 5 3 45.1 18.4
3 17.2 45.9 69,3 9.3
4 151.5 41.3 58.5 18.5
5 1lae.8 18.8 s8.4  12.%

dara Bl S 59, SR 190 BARMNAT S, A 55 2 505 4 50 5 IR AE
B, TR, HRAC R, WS SRR SRR TR, L ERdEH
A—sE AR, AR, TR RO AR x, LLEAR SRR (R )y

x=data.iloc[:,1:-1]
y=data.iloc[:,-1]

I x 5y 8 AR 43 5 22 (200, 3) #1200, 1), BixH A3 20017, 3%, vy HA4 20077, 1
Hi., ATLL R x Yy BA TR SR AR Y

m BRI Y A

o B oLt RS RS, TR R R e s i ) . i e A Keras FE, R T8 JH
fili, &0 EHH#E S A Keras T layers T4 ;

import keras
from keras import layers

Keras S F5 5 o PS80 5 p BGURE R . — e ., 8 — e HEEp ey, {6
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4o -
model=keras.models.Sequential()
FA, BRI 2 RE IR . Keras AR ISR AL G, X L] add Jy
AN 2 AR 2R AR 2L (Dense J22 )

model . add{layers.Dense{units=32,input_dim=3,activation="relu'))
madel ., add(layers.Dense{units=1)})

o — J22 3 ] input_dim 2 $0E LN ABER IUEEIE N 3, units =32 005 501 4k
ROl i e 32 w2 (lgeocioit l (o S0, PRetocRioR i, BRURY I EL5 E )
), FRE) ReLU BGS eR EGHA TGS ; MBS ZJ2TRAR, S AKICHR £ EBRIA Ry vl — J2 0P 4
AR, DA S48 e S AR IR R . Nr e e 2o a0 ] . £ Bad Ui,
Se— JE M 32 - oo TR TE R B N 1 s ocrh, X LMot i
L RG5O

BT SE iy, W A BT i, [R] IR a1 i Y U S A T #R LA Bt
ARk

model.compile(optimizer="adam',loss="mse"}

£ Keras P21 compile S5 i1, 0] LA 2 optimizer 2800 45 2 00 8% , £8050E0] ,
Adam LAEER B BN RIFHIERI . loss="mse’ 27 {# FIEY Jris 2 1 40 e 965 8 i

m R

BRI S SRR E S BT Ao B SR T LA FURG ) A SR x
Fiy XL 2 000 POl 5, HEAF RSNl AR L 5k BV B history P, H, batch_size
FeR W E S NGM BT, epochs #ARVIZRGEIR .

history=model.fit(x,y,batch_size=288,epochs=2088)

(s SV Y T i e b A LR H S T ay SR EE S vt

Epoch 12000

200200 [============—===—==—=—=] - 15 &ms/slep =~ lozs: 28495693
Epoch  2/2000

20020) [===———=——=———=—————=—=—=] = 0 :3us/step = loss: 28022920
Epoch  S/2000

200 | =s=======s==s======= | ~ U5 30us/step - logs: 25396829
Epoch 42000

e [s====s==s=s=========== ] . 0z 18us/slep - lozs: 23919810
Epoch - &/2000

200200 [=================== ] - 05 42us/slep - loss: 22491390
Epoch 1008/ 2000

200/000 [====s=sommmmmmmmmm== . 05 16usfsiep = loss 03596
Epoch 19497 { 2000

200120 | === === | ~ (5 JBusfsiep ~ loss 03596
Epach 1998 /2000

) [ === | — O 1Bus / step  — loss: 03505
Epach 1999/ 2000

200200 [mm==—mmmmmmmmmm—m=—= ] - O 1Bus [ lep =088 03595
Epoch 2000 7 2000

WD | ===================] - 0& Zius/step - loss: D3585

ATEAR H, NERTT A 9 loss IR R, A NSRRI ANBTER I, loss B9 {FLE% Hi I
e history L e I el B e wT LI oo 7 Pl e Bl ok
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import matplotlib.pyplot as plt
plt.plot(range(2088),history.history[ 'loss*])

£ E R IE 250 s, MESHRTLE

B, MR 10048005, less fIEZER /D T,
LEJT TN SRR B, loss T — AT i 12 A1
Ave XN AT FREEY L 2, R B A 280
JUA AR dcln 22138 1 searmoiife, Pk
A LA kD I EREE T, LA R IR Ta).

2 5}

:

ln=e (TEED

. £ B 3

HU o Loss (ECPF (It — 4~ S04 (1 DN 3 R i A
BRI R T R A T AR R ) T
B, ATRHEE A A B AT A AR, AR R | S R R

INZRAE T P LE I Eg D 25, N A o g S T A0 O i I 95 BP0 R 4 2 G 4 1y
HAE, LT MR E IR H

BB Y e R AR N ZRa B, (R VISR, 56 e e Jodis A~ 2 15 et

ROER BRI A SR, AT R ARG Rk

.

0250 SO0 7SO0 1000 | 250 1 SO0 1 750 2 000
] B e S
FE2500 R e oes TRV E TR

WLEAS SN R, (HaT LU 0007 52 A e M S B d J (O N RS R 7 R

¥, BUTHENNAER.

LA 116 200 20 8l 8], T LUASHE S0 S R BRI T L, 4R HOOAT 160 2847 A )11 &4
WBHE, ZJ5 1 20 ARG, dicha i) 20 £ AR G .

data=data.sample(frac=1).reset_index{drop=True)

x¥=data.iloc[:,1:-1]
y=data.iloc[:,-1]

¥ _train,y train=x[:16@],y[:168]
% val,y val=x[166:186],y[166:188]
¥ _test,y test=x[188:],y[188:]

BRI Y I SRS RN .

#d7 HL SR 00 SN B

history=model.fit(x_train,y_train,batch_size=168,epochs=588,

501

foss (%)
g 2

=

validation_data=(x wval,y val))
plt.plot{range(588),history.history["loss"'])

plt.plot{range(588),history.history[ 'val_loss'])
print{"test_loss:",model.evaluate(x_test,y_test))

: S

|

)

\

\_

0

00 200

300 400

il g2
B 2502 stk S SIS T e loss {H 990 0k

500
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FTEIH AU loss (L »

test_loss: 2.198000431080791

P51 2.5.12 SR 2l it I i il AR A PR G, HE bl fo it 2 s 42 I Noss (R 18
. il ik bloss (A2 L. MIEIPRATLIAZIE: 5o, SR gl 2
P, SR loss (FLB S FRR R — -/, Fnsiiilicdidily, A 8la: ik, =B
B U loss (LS N R loss (A —E 2500, AL 2egeq)y, Uiy ol
W deln . SRR IESE Ry .

Rt ] — g P R Y I AT L SRR ] 1, R T
b 2.5.2 i s I 50 10 5

F#252 FrBHEP SR A R S0 =Rl

TV radio newspaper
10K 50 0

1A 14K (1

1] M 150

a] [ 36 o pund;aﬁ f’l[ |f 1 f]{J DataFrame iji‘,ﬁ] :Lﬁ x_inpul, j—j—jé H f—ﬁ;"ﬂj fl{f pm[iirl ,f,il_ﬂ%_lﬂ:ﬁj
T -
¥_input=pd.DataFrame({'TV':[188,58, @8], 'radio': [5@,188,8],

"newspaper':[@,8,158]})
model.predict(x_input)

4
array([[10.005433],[16.689125],[26.042202]],dtype=Ffloat32)

PR 2,52 PG LAY BT A 50 10,005 433, 16.689 125, 26.042 202,

Sl
R#Ee5HE
Risish THESE LA RS R LG Ad )y, WA F EHF
BE, FHARYAEF MR GE TR, e ER il TEH
AY, #AFE, FRHAZLE “FR FM,
At S PSRN S5, SEMIRRT I SE FOLFE, 7
A ARG TRIE AR, T EBAF AR "N BHAFE
5, Mateh I M T AR E s, Wik A a6 3 Mkl B AT, i A AR
HEALR AT,
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é) T B
FIHIRISHIBREFERE r LR

IRISHAEE A FREAHUERE. HELEPLIBIS0ERRTAEN L
FRE, RETA. EHKEREN TS, B A SR
BREsH =X, BPLER (Setosa), TEER ( Vericolor) o T R T
H R (Virginica ), 4B 25137 7F,

SN | Sepal.Length | Sepal Width | Petal.Length | Patal.Width | Spacies
1 5.1 .5 14 0.2 |setosa

2 49 3 1.4 0.2 |setosa

3 4.7 a2 13 0.2 |setosa

4 4.6 3.1 15 0.2 |setosa

51 [ az 4.7 1.4 |versicalor
52 6.4 3z 4.5 1.5 | versicolor
53 6.9 a1 49 1.5 |versicolor
54 5.5 2.3 4 1.3 | versicolor
146 6.7 3 52 2.3 |virginica
147 6.3 25 5 1.8 |wirginica
148 6.5 3 52 2 |wirginica
149 6.2 3.4 5.4 2.3 |virginica
150 54 3 5.1 1.8 |virginica

2513 RIS S e s © )

HRGEET AW S5 4P, Basfiigatfrid e, &
BBt R RARE "Species” HEATIRAAIGALIL. PP ARMERES ( One-Hot ),
#HMofe 1 M s AR EFT—FEL, BRESETY, WAKBAO, 1, 2
AT AR SRR, MRS, 0, 0] &Fsetosa, [0, 1, 0] &5
versicolor. [0, 0, 1] #F virginica. 5S4 4ar, Smania & TiE M
AR AL R DL SRR E AR EL, R AR
BEmRRTHERESA, HZRESMHHRBIAA 2R FTHEMNE 0 R THE
Fhz A6y £ FERAL R, Wb 1 dFe) st 2D

AE pandas B 7, T VLA get_dummies 7 i 77 18 dhdw S 45 48 45 45 804

import pandas as pd
data=pd.read_scv{'./firis.csv")
data=pd.get dummies{data,columns=["'Species"]} #3"Species™HE47 ik 455

MG, i —F 539 0 B4 A S03E x_data 535 F 303 yv_data:

#_data=data[[ "Sepal.Length', 'Sepal.Width', 'Petal.Length’, 'Petal.Width']]
y_data=data.ilec[:,-3:]

VLN H BAE . iE R AR, AR IRISEBEISE AT T
B R 15 R A 2 s R
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P HREH
ZHERES B FERE

—a kP A ARSI EA AT R T M—RFME, ENEZRS
P, —fdidr Ao~ 1A RART T SR E, WPl —3eT
WREESE FAA B, XA A S RFM, SRS RENEEALT
BARM R BRI E, Ao RO ERERY P, —
ERE—EH#A—A#2A, HilidSigmoid RIHATHE, L RS
A LN, 7 Keras 32 3 F 4 A Python 5 #2 & & s 8L 4 8L AT 4R i 0,
o] il i loss="binary_crossentropy' 4ij & 1% 8} & ¥ HFAE

SR MA—GREAPMGY R, S5EHX T2, A SHEF
M, il L4l BRLNEF, A ZSEMM, S5RPH
BERWEMBRE-ENFEALMGREAN L - REGRE, AN
B, EAAGKERZSEN, SAFHENHMTEERFER
by ae k. % 4 3 9 A — A% il i Softmax F S08 E, A6 & S A E A E R
XA, fEKeras#EE T4 M Python #4215 5 P4 A it 474k iF0f, Tidid
loss="category_crossentropy’ T EMESETE Ak

252 HBINMEMESREIRHEZMLE

FHAEEEE AR KREARRN, hTFiNgS801 24 5 FEioles
Z . B G SRR A b R PG R R A A ) R RS R, Rh R S R E R
T AP 5 [ 4% AR A £ o 245 4 Sl b A D [ e

35 FR 38 43 00 4%

F F AR FE A IR0, PR 0% A0 i G A ) B SR R A R R, X
HH%WMﬁmLﬂ%.ﬁM;xﬂﬁﬁ.HT%ﬂAf&ﬁW%W%ﬂh%,ka
T {1 1) 22 ) Bl

Fer 2 5 PR RE A R S AR SR e R PG A B, — A
Fe 4 ER iR AEEHA fMEE K, £ ERaf ) naadEir. W 2.5.04 /.
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FEl25.14, hEEA A Lo EiE S Eda K
KR 0 O BRI, SIS RA, BB B |-
JTEAE -3, B A MY TR EEEE, BEHKR
LR, BB RIEIGE N BT B RE R 18
S e BRI, T EBUES R ER A B LM,
T TR R TR A, — e BB x4 AT

RS e

AhEE

LRt oS (2 i 0 Bige, P 2.5.15 %
Bl2.5.05  {eBls e e ] 5 1% 3 00 ek el o PG A T R T e Y )

A [F] e s BB HAPT AT LA 2 EH QP A [R) A A8 BERRAE Mg 75 380 AS [6] AR R4

LR M ( Convolutional Neural Networks, CNN ) 22— 8y 47 885 00 #h s M
ot FEUSAY S Rl R R RN, e Rp P oo AN iG 2t 30 P S b 1
R SRR e T Ab 2R, SRS A6 i LA X Se e ph 28 oc i B e SR S Ak 1. AE BB
figE g, RRBEE CZ M2 (S8 ) afRidbs. @A, SR 2 k25 a]
VAT SR el L I S R R A i 22 R, R ELE S e . dnicmnR ek AR e s B —
RE MR R

LR W25 A — - E E M RRIE R AL (Pooling ), WFR AR EET £, ik
AT LAAE {7 T el 5 i 2 R A I 4 T e B Ab B R — Rk Ay kA e fE ( Max
Pooling ) FIFFH{El{E ( Mean Pooling ), fi A0 ALt FE P 2.5.16 B

T Max(1,1.5.6) = 6 H’“‘“\
. L7 W\
A i

— | 2 < 2R
NI [ 6473 Eokwde |88
3 2 a3
1 2
=¥

WEASAEE
25106 EABER SR B
15 BUph 2 ) A PN R G Y 1 B A AR BMGHET T B R Y. Mk, fEEWARRL
LA e B AR ) R ety . FRAE AR A ] I, S A e i e 95 S i
B F TS, WE2517 R,

: - | | i ___:_ = -."-
5 i o d 5 Zi R

i A2 R A el ke &R
2x32 6@28 x 28 6@14x 14 16@I0x 10 16@5%x5 120

P2.5.07  BIAE A S R PR EUN A R
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AR, T SOLAR M5 (R S0 R s, oA A RS R . B A

[, AR o 4 SE 5 o0 4575 N AT mh T Wy 45 BP0 22 0 2 W] AR G Hb Aok B ok 25 ) et
M K RTFESEFEARTTZE, BRMEMagaT il e T E 3. MNIST 8
PR FHHEARE. a1 60 000 KA B AATE 1 0~ 9 8w B il 2 LA
K10 000 S P R, BESIREE 0 28 x 2B RS B P L A L AU ) Rt A
Tl R R

from keras import datasets

import numpy as np

{(train_i,train_label}),{test_i,test label)=datasets.mnist.load_data()

train_image=np.expand_dims(train_i,axis=-1)
test_image=np.expand_dims{test_i, axis=-1)

{52 1] Python S FE 1 S i2e B, Al 5 it i Ak 1 F .

import matplotlib.pyplot as plt
plt.imshow(test_i[@])

W R —kE R R TSR 7, iE 2518015,

4]

6 5 10 15 2
Bl2.5.18 Wb R R
7E Keras [ /P 0] L i Conv2D il MaxPool i 8 185 I — 4k 42 B Fi )bk 2 4 1 &
P TR, il DR PR GBI 5 R S BRI IR TR 4

model=keras.models.Sequential()

#F— ERIEHMAB RO AT, Fr2e*28fid . 1@ Eidid

model,add(layers.Conv2D(64,(3,3),activation="relu’, input shape=(28,28,1)))

model.add{layers.Conv2D(64,(3,3),activation="relu’})

model . add{layers.MaxPool2D())

model ., add(layers.Conv2D(64,(3,3),activation="relu’))

model , add(layers.Conv2D(64,(3,3),activation="relu’))

model ., add(layers.MaxPool2D(})

model. add(layers.Flatten(}) #EeEd0, TEF0E L IEH RN — M4

model . add{layers.Dense(256,activation="relu"})

##4 T B akid g, Dropout & & MALE f— Gk i F B 43

model . add{layers.Dropout(8.5))

model . add(layers,Dense(18,activation="softmax")) #{& M softmax B 32 3 4 & A0

mﬂdel.cﬂmpile{optimizer='adam',luss='sparse_categﬂrical_crﬂssentrapy :

metrics=["acc']) #AEVSFHEPIIPLENE (acc) Bl

model . Fit{x=train_image,y=train_label,batch_size=1008,epochs=5,

validation_data=(test_image,test label))

ki RanE
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fraim  on BODOO samplas,  validals an 10000 sarmples

Epoch 115

BOOOG] BOODD [ e e e oo i e o e |- e P17E AmIES 20D loss: 14188 ace
0.7792 = val=loss: 00802 - val=acc: 0.9754

Epoch 2/5

BI00GO BO00D [ =======s=s=========] - 2308 4dmsfslep - loss 01045 - ace:
19680 - val-loss; 00428 - val-acc; 09854

Epoch 3/5

BOO00 B0 [=—————=—=——c—c———==—7] = 2= 4msfstep loss 0,067 aCC
(1.86795 — val-loss; D.0328 - val-aco 098095

Epach 4/ 5

BIO0G | 60000 [===ss===c===========] - 2295 J4ms/step - loss. 00482 - ace
08847 — val-loss; 00303 - val-acco; 09288

Epoch 5/5

BIODG 60000 [=====sss===s=======] - 2285 dmsistep - loss; 00390 - acc:
08882 - val-loss: 00263 - val-ace: 08318

b P s B be e A, i HAGBIMP e g il ghng B RTTF, Hikhi—feik
AR BB A R], AR 1 5 Fe ik, dhes M ag SR eI AT AR iR,
Il — g G, SIS w4 A8 1 98.82%, fEMNLH | i1k 99.19%.
UOSRAM A P e 22 RO, LA 5 1K 1) 00% A A I AR ME R 5 1

train_label Fl test_label F40 51 FEAif 25402 L Ml A i Aok 5 (18 B v i 307 425
AT Lk A A Wl AT 105k B R i B bR

In [98]: print(test-label[@:18])
[721041495 9]

TR TR A U AR P 10 9K IR R i e, AT AT 3] rb ) 5 R Ly
BUHHR 1
In [99]: [1,index{max{1l)}) for 1 in model.predict{test_image[©:18]).tolist(}]

out[99]: [7, 2, 1, 8, 4, 1, 4, 9, 5, 9]

TEIR L (R0 £
b AR AE RPN, B U R A S A EEfE R . LR, i

Joi WGPy 22 S A B Ay S ZE i . SR R a2 AR H T %
JEIER A, T AT A Al R e AT, fRl A A A A O 45 A Ak PR A O ] R
AR, B ICREN .

TEFh AP 22 J 2% ( Reeurrent Neural Network, RNN ) B—25UL R 3048 A A, HERF
1) (P g v AT L A B 2 P SR Y R B ) A 2 e S R A Y
Hirk A G, FZRTAREA G, BRI IUE A0 =5 TR 22 I S5 2000 2Z [ iy 5 B2k
FrictZFt i B YT A AP, QI 2509 Bk

Oy 45 i

VI , 4 , VI
Wil 5 St+1
I::.fﬂé” ? W T’ W T W
Lr [ L

Ay Ap Ap+1
2,519 WFRAS RS B E

ne S 8——‘-{“ )0
3
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A AL, RIS Mg e U SR TR 2 B oh B S G SR R, T
ST 2 TR 2 PSS i LA i, b I S 0T A2 4 ( Long Short-Term
Memory, LSTM ) %, [CEMHCIZM SRR MR g A T TAOBEE . 20T Alidist
HRPRE R IO AZ R s 2 0 10 A el e s RS EOTRED R, MR R
10 A FLANE BB 5 B

IMDb S A Sh b E T 1066 ] W B B v AT SC LG PRI AT IR e R Rl 4, Horb g
45 25 000 P IIZRFEA I 25 000 7 ELFEAS . AEARRE A A0E SPHER, T ARG SiTie
T IF ) FE# el Bt e A S R T LSTM B0 8. IMDb B PE RS S AT 1 Keras
i, AR R U IMDb JdE H A B S — SRR N 7

import keras

data=keras.datasets.imdb

max_word=10000 ##iF F b #ey a5 K 94
(x_train,y_train),(x_test,y test)=data.load data(num_words=max_word)
print{x_train[@],y_train[e])

BITHURACE

[1.,14, 22, 18, 43, 530, 973, 1622, 1385, 65, 458, 4468, 66, 3941, 4, 173, 36, 256, 5,

25, 100, 43, 838, 112, 50, 670, 2, 9, 35, 480, 264, 5, 1530, 4, 172, 112, 167, 2, 336,

385, 39, 4,172, 4536, 1111, 17, 548, 38, 13, 447, 4 192, 50, 18, 6, 147, 2025, 19,

14, 22, 4, 1920, 4613, 469, 4, 22, 71, 87, 12, 16, 43, 530, 38, 76, 15, 13, 1247, 4

22,17, 515, 17, 12, 16,626, 18, 2, 5, 62, 386, 12,8, 316, 8, 106, 5, 4, 2223, 5244,

16, 480, 66, 3785, 33, 4. 130, 12, 16, 38, 618, 5, 25, 124, 51, 36, 135, 48, 25, 1415,

33, §, 22,12, 215, 28, 77. 62,5, 14, 407, 16, 82, 2. 8, 4, 107, 117, 5952, 15, 256,

4,2, 7, 3766, 5, 723, 36, 71, 43, 530, 476, 26, 400, 317, 46, 7, 4, 2, 1023, 13, 104,

£8, 4, 381, 15, 207, 98, 32, 2071, 56, 26, 141, 6, 194, 7486, 18, 4, 225, 22, 21, 134,

476, 26, 480, 5, 144, 30, 5535, 18, 51, 36, 28, 224, 92, 25, 104, 4, 226, 65, 16, 38,

1334, B8, 12, 16, 283, 5, 16, 4472, 113, 103, 32, 15, 16,5345, 19,178,321 1

FEIMDb . P A RE0F R Bl m e O [ B B i ol e, Ierb BB e —
P ny e, RN 0B E L HIRE, Hrpofomfmilysy (), 1 Emlyss
CHFVE ). A Tt A BRE A B, TG LT AR TER N2 155 — 48 P kil
PRSP

def get_real words({index):
word_index=data.get_word index()
index word=dict((value,key) for key,value in word_index.items()})
#4426 I N R
real_words=[index_word.get(index-3,"?') for index in x_train[a]]

return real_words
print{get_real_words(8})

BITHERAE

['? . 'this' , ‘fim' , ‘was', just', 'orilliant’ | ‘casting’ |, ‘location’ | "scenerny’
story” , ‘direction’ |, 'everyone's' | 'really’ | ‘suited’ | 'the' | 'part’ |, ‘they’

played” | ‘and’ | you' , 'could', Yjust’ |, imagine’ , ‘being' | 'therg', robert' | Y,
is', ‘an', 'amazing' , 'actor' , 'and' | 'now’ | 'the’ , 'same’, 'being' , 'director’ , ¥ |
tather' , 'came’, from' , ‘the', 'same' | 'scottish’, ‘island' | 'as’, ‘myself' , 'so',
i 'loved” | the', fact', 'there' | 'was', 'a" | ‘real’ | 'connection’, 'with'
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‘great’ it was®, Just , brilliant ), 'so’ | 'much’ ) that' T bought' | fthe!
filrm' |, 'as®, 'scon’, "as', it 'was', relsased’ | ‘for' T land' | 'would'
‘recommend” , it 'to’ | ‘everyone” | to” |, ‘watch' | ‘and’ | 'the' |, fly' | 'fishing’ ,
'‘was', ‘amazing', really’ | 'cried' | ‘'at' | ‘the'  ‘end' | 'it', 'was', 'so', 'sad”,
‘and', 'you' | know’ | ‘what' | they'  'say' it 'you' 'ery' 'at', ‘&’ filmr,
it' | 'must’ | Chave' | 'been’, 'good' | 'and' | 'thig' | 'definitely’ | 'was' | ‘also’ "7
o', the' | twa' | little’ | "boy's' | 'that’ | ‘played’ | the' Y ef' | Tnorman’
‘and' | ‘paul”, they' | were' | just | brilliant’ | ‘children’ |, "are’ |, 'often’

el Cout’, 'of | Cthet ' st T think, 'because’ , the' | 'stars'

‘that” , 'play’ | ‘them' , ‘all’ | ‘grown’, 'up’ | 'are’ | 'such’, 'a’ . 'big’ . 'profile’
‘for' |, 'the' , 'whaolg' , film' | 'but’ | thess' | 'children’ | 'are’ ; ‘amazing' . 'and’ .
'should’ , 'be' , 'praised’ | for' |, ‘what', 'they' , ‘have' , 'done', 'don't’, ‘you',
‘think’ , 'tha’ , ‘whola® |, "story’ | ‘was', 'so’ | 'lovely' | 'because”  'it' , ‘was',
'frue' | 'and' |, 'was' |, "somecne's” | 'life' , 'aftar' | 'all' |, 'that', 'was', "shared' ,
‘with® , ‘us', 'all']

P R P RE R S EE AR, O bS5 A B e MBI R i T b B, W
EX A TEE I TSR AR, QT AR ER T AR AR R U T AR AL B A 512 4~ ]
K, AREFEKIEAT 512, WAFZIRWNE, RZUTE AR

maxlen=512
#9484 JE HL A
¥_train=keras.preprocessing.sequence.pad_sequences({x_train,maxlen=maxlen)
¥_test=keras.preprocessing.sequence.pad_sequences(x_test,maxlen=maxlen)

AT LSTMBIRIA A A S AR B 4, H Keras 4245 T RIiB ] k. DU F{Casal
VIR — 14 LSTM J2 19 e o 28 R 3 g5 1 — A28 Tl

model=keras.models. Sequential()
model. add(layers.Embedding{input_dim=max_word,output_dim=64,
input_length=maxlen)) #if4F A B, W T8 Ay i ik
model.add(layers.LSTM(64)) #5mLSTME
model.add(layers.Dense(32,activation="relu"'}))
model.add(layers.Dropout(9.5)) #%wDropout ., #rdliifild
model.add({layers.Dense(l,activation="sigmoid"))
model.compile{optimizer="adam',loss="binary_crossentropy’' ,metrics=['acc'])
#ADBL20%] S5 B 4F G REE R
model.fit({x_train,y_train,batch_size=256,epochs=28,validation_split=0.2)
model.evaluate(x_test,y test)

LSTM (30 50 2 e i 12, IIZhal AT -

Train on 20000 samples, validate on 5000 samples

Epoch 1/20

20000 20000 [E=================] - 3589 18ms/sep - loss: 0.6458 — acc:
0.6574% — val-loss: 0.5014—val-acc:(.7814

Epoch 220

200004 20000 [==================| - 3475 17ms/siep - loss: 03686 — aco:
0.8608 - val-loss: 0.3603-val-acc:0.8386

Epocch 320

20000/ 20000 [S=================x] - 3785 19ms/slep — loss: 0.2504 - acs;
09098 — val-loss: 0.3275—val-acc:0.8858

Epoch 4/20

16128/ 20000 [==============p ] -ETA: 1:07 - loss: 01776 - acc: 0.9438
3 b 4 F R A Y A A M AR Y 220, W DR B R — s R EE Mt L

o] LA A 2 A R O ki A
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O RBiRER
JCij: PN

LAyt AR, R EREAR KFANEFL. Flde, —
B 10004 R S, i S A R A — AR A 1 000498
kit A HAvsl G i ek it . AR R AL K kR # ik R R
18 Z [ d AR, tHode “get” Ao Yeot” MAE—AFHE, 2EEEAEG,
AMAER—#HmEL; M “big” Fo “pig” LARE—AFEH, LELTLETE,

A ( Word Embedding ) 7 vA it Bk 65 £ P8, HFFAEETF R
ETRAGMN ( $4aF), At AmtaEZ A e aEZamng, ki
AT AR R R Z A Al fe R X R

A Kens ¥, illil#fideEmbedding &, T EASFASCRL AR E T

@ SCER &

o
i

CIFAR -10 $i 38 8 4725

CIFAR-103EBE P A 10MEHNGOHER K, &£4 50 000780 4

B RA10 000k EE L. SREHEH32x324F, 3L HiE, W
B 2520FFF.

ARG =S U=

B 2.520 CIFAR-1OEHEGE PR B

i i A A ik T A ik o BT CIFAR-10 403855

import keras

cifar=keras.datasets.cifarl®@
(train_image,train_label),(test image,test label)=cifar.load data()

Fo Bl 418, # M E A4l M A5 Aok & CIFAR-10 3B R b 4T 4 &
6 A 45 W S5 A A

253 REFIEPEHTE
B2 (Deep Leaming, DL ) TR A LR GERFE Sl A5y miin, AT
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AREREI, AERRAE . B B ISR E SR S AT U B L R A T
HESR A E LD BRI e, (G B0 CPU 07 B KRR 225 o] 25 L K v 8% (14 1 45
BAaRai 2 B8 AN, FEIREEESER T 5 B RN Z 5, BT E Al
R

REH3]

TR I 2 S BRI Pl 22 4% ( Deep Neural Networks, DNN ), 45 HAy £ & 2004
g TR, FRBEMERIRRAIEE . ST L b S5 T R 0 S AR TR R
o] SR ER R SR I MR B, [ B s LA RE ST, (EA s M
HHA S

20124F, AR WS E T B, Mkt s ARG 02
Fi o AT EEEREE RS PO E AN A, R EE . 20164F, #hespagiiks] 1 207 )2,
by 25 A B A 28 O] S5 RO I 25 [ 2 2 R ) AN A R, o 2 R 24 0 P (L e 0 BB e TE L
A3 MR R Y R IE R RIS B ) . BEIESE o) © 22 00 T RBRIF T St FLIE 1 e A
RNEZ—.

m i 2

— I L A 2 0 % 1) T e S B A P R o 2 ) A B N e ) £
—A~ 5 e i S U G B AT BRI LALLM E, Aoy R,
ik ) AT SR S R b R SRR e . TS T R, RS A T Y
o E I e R R, QUAE ImageNet FAE A IZH A VGGI6. VGGI9ZE,
PE 2.5.21 FIF A (P42 VGG 16 [ 2R 45 T 1

Conviet Configuration
A E-LRM B (] 5] E
14 weight | 11 weight | 13 waight | 16 waight | 16 weight | 19 weight
layers o layers 4 layers " Isw'narstg layers layers ?

Inputl224 = 224 BGH Imaga}
kY convd=6d | corv3=64 | convia-64 | cony3-64 | convi=64
CipkEimeed i corv3—64 | conva—Bd | conva-64 | corvi—64
maxpocl
corv3-128|convd- 128 comvE-128|convad—128| conva—128|convi-128
conviE=128{conva—128|convi=128[convi=128
Maxpos
coryE—256 |conv3—256| convd - 256 conv3-256| conv3-256|convi—266
cory3-256|cony3=256lcom3-256[conv3— 256 | cony3=256|convi— 256/
convl-256|comnvd=256(conv3—256
Conva—256

maxpool
camva=o12[convd-51 2lcorv3-512lconv3=512|comd=512|conv3—512
corv3=5312[cony3=512corv3=-512lconv3—512|comn3-512|conva=-512
convl=512|com3-512lconvi-512
cony3d—5H12

maxpool
conv3-512lconv3-514convi-512leonv3-512|convd=5 12jconv3-512
caorv3=5312 conv3-513corm3-5120anya—5 1 2| conva—512|conyi3—512
cony1—512|cem3—512lconv3-512
' conv3=512

maxposd
FC =4006
FC—40B&
FC=1000
soft-max

Bl2.521 VGCI6MERERAEE
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I VCGIe BEFTEIRINZRE, T LU EHUZ MRS E00 a0, Bilgiaes M
Sl M A 5 A gl ot . I R R BRI N SR i, il o

O AR

HEEWEMEEH
fEKeras P, #itsommary FETEREMRAUGNE ML, 4o
B 2522 F 1,
In [114] : model summary( }
Layer (type) Cutput Shape Param #
com2d 9(Conv2D)  (None.30,30,256) 7168
max_pooling2d_5 {MaxPooling2D) (Mone, 15, 15, 256 ) 0
convad_10 (ConvaD) iMons, 13, 13, 128} 295040
max_pooling2d_6 (MaxPooling20) (Mone, 6, 6, 128 ) 0
flatten_5 (Flatten) (Mone, 4608) [£]
dense_104. (Danse) (Mone, 256) 1178204
dropoul_11 (Dropoul) (Mone, 258) (4]
danse_105 (Densa) (More, 100 2570

Tolal params : 1,484, 682
Trainahle params : 1,484 682
Mon-trainabile params: 0

PH2.5.22 L summmary JrEE £ 3909 RO A RS ) S R
EiEAEAE WAMEGEZS - ERE (Conv2D ), Z 5%
— AR AR AL E ( MaxPolling?D ), F&it— R ERfibL/E, i Flaten
B4 3 HEUE "ART A 84U, Biiid 234 B VLR Dropout B B kit
e, RESZRIOANELT RS LR, ERVLER1 484 6824
Aa ALl

m 5 bl ) 7
i 200 i [ ik 2 By T B R A i 1 R I

PRBE LI A, (AT A2 M A B R Re U3t 8 X
5 o 25 O 5 EAIL I M e A R, S o £ > (EEEN

_ SRR
BN 2.5.23 o .
H—REWEMRS T -1 ERNEir, | i
S Y Sk A X Re LU B3

Y=F(X) F2523  TERHIE IS B R T
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MifESRZE Al [ 2 op . Sarih VR [Tk FOX) (I AEGE b 3538 T IR A
Y=FX)+X

’?Q?"?'i' e SRR S T O 147 R ) T o W e 18 A P e T o
L N WL Fe 2 2R B 4T ResNetS0. ResNetl01 4.

%Hm”&lﬂliﬁfﬁjiﬁ%ﬁ{ﬁ}?ﬁﬂﬁ\ VAL MG S g . HoApifg B ) SU0E Ay
SRR A ) S B Bl

HEHTE

FIAT, #Rh T BEHESRR A L. BRAR 1 PR 22 M o =) S i I I, TRl
W9 BRI 2 ST Stk IR B T R R A, AR
i AR o AT BRI B £ B R B A 95 BT 4 SRl o e MRS B, FEBE R T
By s WL 43 R 2ty A s b SRS B e M Er BRI p il gk 50T R, e il
FLAT 50 SR P 28 P 2 R . RILGES 6 T 2 I S Py i 22 P 9 R 0,8 i A 1) 2
BT “HERT , B FAMIEE . SRR AL S, B SRR
b, AETLEATFE, el RUHFRERE. 2000 i — o Bl 58 2 2 el A X
e, Haifih, SEaEs ., Sk pEm RS Reas, EENTF AR,

AT BES R EEA4E GPU . NPU( Neural network Processing Unit, #1258 o] 5 20 Ff
#ir ). TPU( Tensor Processing Unit, 4K &4k B 8% ). FPGA( Field Programmable Gate Array,
HRGha]  fR 2 85 ) FES] ), ASIC ( Application Specific Integrated Cireuit, & HIEERLHLIE) LA
RS, EATH ﬁ‘édff'rli-Ht, FRE B B B R AE I

w Al

A B BT 2R M A T TR, — Rl GPU s FPGA %5 19317 38 s o
B Hrp, GPURFr RS, BEARMN ., ARG BEEAZAITIYo0, e
AR RN — B, GPU A TSR o] AR R Sz 1

m iR

A M A EORM A, =T3P 6 H e, a4 drieqt,  Hno e 68 R 4k A
ANEEBE RN TR BT R, HAREEZEN TR TFEABils, FEs, A
MR 5 7S, 2R 6 e F A s o £ R0 2, dhoad 13 0 P e Do 160 4
Bl AR

Py L R 2 [ 50t

%HM'&HHH'%T—:M*?% AR T B SR s A, LA P R 2 R Tk
ShRERE . A, SREMRA S iR A A, iS5 ITE I AU RSP 58 iU EF
ER N TS

Y2 A Iﬁﬂ""'ﬂ]k'l'?E‘ﬁEWﬂ’FﬁIHEﬁ4"—%23:“!:'#_&?i“PII NPU %8 b i A
A ERIEESL, FIAA AL EE . Khadas VIM3 il Jetson Nano %, 1115 2.5.24 [
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A Ij"'““". Khadas VIM3 Jetson Nano

P2.5.24 0 TGl AT R G Dk T £

P ErEs
IR HE %5 IR 22

B, # L&EESF T FiRIE SR A Theano, TensorFlow, Caffe2.
CNTK. PyTorch, & #wKeras 3.

Theano: —ARLFIH A Fdm H6h Python EEFIER, B BFIE
i 8

TensorFlow: 2015 FEHG— A A7 HaANREFIER, AXFS
BEIRES 8"

Caffe2: — A KEEEHR, HEAFNEEFIER, 2582 ZTEH,

CNTK: M$IFEMREFIER, MREATET 2T

PyTorch; #&F Torcha)— AW ad FAIER, A 37 # 4 E TensorFlow
iy s

KE: HEAEITEMEAFIER, BITEL-TFAER

Keras; E4MFHFERBELFINIRL, HRAFEERTE, Keras
F—ERFEFTSHHAE T, B Keras 7Tl #1322 /£ Theano. TensorFlow
B CNTKZ L. & TensorFlow 2.0 ¥L 5, Keras &2 #k & s 3t T TensorFlow
¥ LA TensorFlow 69 — 36 4
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(g IRE L
. k. &7 ERhRFE AR

—. WA &S

AR EAS, AR ERE S EAFEirs .

vAVER Ay B dqE, RIE BRAE A SUIE 2 BB AT TR AL B, 5k E AR
22 S ARAY | AP R AT SR LEL, RN R R,

—, mB#EE

| AR AMBRARE. MEREFE, FFEHRAHENGE; DRI
Ak geit, MEE253.

253 FHREFAEE

Fi# | i 7 % & A
HAME

2 BEfERLHE, 458G T FARGFS, FEASBGE I HER
&, it Atk R 3 AR R T E; HERRT, FhkfrR—4
B, HEARFE; RANGE, SUEE, BIEEaRS, BAR254,

Fe254 WA, BARE . WUERAYRIS

F4 YA 3k A &3t
g g
gl
st 5

PR S

3SR MRS mAAle s,
4 BN F 5 EZFM0: RrAagmsRiagn X eaeE, &
AN GRS HER S ATI S0 los A Bl F AR E ‘J

2L saEn

1 EEEEAf, EESF T TSR ROk B fe Y
2. AT, AMEFRTERIFEEST? EHME—BHIE,
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ATERENARZLSHEZAEMD, M SERRIOAIENS
It EEATSENTEEES 1T 0EAIE Fr E200FH, BoZEERIY
£i5. FNEEREHE. SRR AKRRE, SEEBNSE---
AHARER, EETHEAREEFRREEEE.

AT BREHARINSBENANRSHNANTA, MEBENETA
RSN ERBAERHTIENL, AR, X—Bin
RLATENMLE, BIHESLE. NBERSHE, BFRESEREN
EAFEIBARNFAF ARSI .

EXRTRNZEIH, RINSENZIVINENATIEERARIRSE
& bA“EREISHISRE " hER, FRMBE, EREEEEANEA,
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FEFIME: FEERFITRE

BE wRAekR

AT EL THERALE, ARETAR, MEREMHAE, HIERRAA
BRENEN" FHEARTE, 45 %R, HEL, LHET o THFRESF
MBA, TAASE, 8K, HA SRR A NRTEMTA.

L TRATHEEAGRAER, BHATFEL— BT ERER,

2. THRARMBAIRRANRAANFAFEP IR, FiltiT &Rk,

3EBANMAIREFSAIL, BARLOAIREL AR, BIA
TREM M.

RSERIE, T

® iR ETa, i~ A, BHEEs T,
® HFAMEFH, W FFe iSRS EANSRATFEFTE.
@ A FESEABEAIYETSHLE, 28, BREATWETS, EERTIRE.

FEF AR TEN G R TR H 58l R 1 EREEARIIH A6 mE3is

FISERE, SEAELLT 25 B BOKs 200t H A9 1

HAFEE

19 DeepTrafbic ©

it A

L HRAEA S HAFEE :

CRH AR S R#RRRPRE | RRFRRE D RERRFI. B RETaCH

B RS, W ALEEsiEs | BEAS, F0 . ERASLTEIR | | SREHERE

CERYEEHE A BFRBE . MEARRBE 8 EATERE DA F5eR:

C RS, ¢ MEEdE. 0 SERANREE O EASENET " RFRATLA.

' @ror o @rpito : M. @P10 [ FE.  &PIs ' & P13
Iﬁgjugg FTRAFTMAES, AR ETFTHAFINE ( AisE280 AL,

WRBHELEANRSD, FREESRPRAADFILREF ), FRAAES LR
Lipfr, i asE, FRF IR sEdda, GI8EVERE
A, TRALFHETR MGG ELER,

Wl AT RAEWISN
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A LA T
SRS
SSEAR o

o AR AL A LT AR RS RSl
o I ALK a9 BRI AR K.
o fat g 0 E AR o S ALALAE A R ) A A B A

K=
“BHE" BEATE

PERAEFTRTE, EAENEEPRRAFET AR, RS ERPLS
TRERGGHR. TEE, LRAARFETHRAZZIER, MAKRTAK
FAABUX ST, TEHGERENOAD. Bhh. Mh, RFEALHETFA
FHREFGLEHER,

200730, REHFARFLY "£2H40" BALFLEX LH
(BE31.1). EFEARAABRRINAR, APAFSELEARKFRMUAEZA
RHA, SEHEGFLAAILY, AFMFEALART AT A EGE, &
LA LARAREANEE, CRIANBROGARIARTFEA. MEAR
R G PN A R BT SR, R R R R S e IR St

“BEM BEXTFS

IR L de Ty M
mv~iéiﬁﬁ

L ]

B30 “EER" PREST S AR
i
1. T EALZ o A B Pl AR
2. B EFEPRAEWHE A RER 6 HET?
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3.1.1 TENMIEENT

AFERIN B J2 K29 70% 936 B2 e A LS S aE M SC RO B, BRI AT LAAR 25 55 3k
TRRVRINHLGE R RIAG TE A L, otk e 2 1 R I 1 G, DGl i 2B A ol 7Y
LA R UM X OEHE, (HUE, AJSMGE RETRE AT LR, B n] 5 5

A 73 BRI A%

N LA GERY TS OLALSE IR Y IR IS
J [EIPR BT . ]

WrhiEm “EE” MALERRES.

BEED
NEWE S ENNE

T RAARRFRI -, et E?

Lgkeh bifEd A, AAREAREFHLEEE, AtEd
AR E, RLME AR foR B ZAKRG LR, Hh, HROBBRINE
AWML, AMAERKSH NGB ENER, £E, EFHER
i E, UG R REAY 2 R B S P A T R S o 09 B M —— 3R S R,
F Tkt Eayirahies . FATBLFENSARTAT .

dFit HAum s, AR A BARRTOLFHARCEREMT,
Mo AT R RRARGEGERAR, AAF-—IEFHER
A fE ] AL

B,

1. ZRABXES, AAHEEHFAR, TRAZNEZREDAT
feuy, AXEWFAAEIE, —F—F IR HE oA E AR R,

2. AEREMTENME AT 2RF? AXWER AT AL S
THENERLABT?

HENMRERERERDRE

1966 41, R LT 7Bt 3 - WAL R s s ], & e A B T — Btk -
THAEPLRE A RS —FE PR Ry e in) REo) 11 S B Ak Fr e o i 34 1 o e ffie s
fER] . B RO JL A4, TSRS A AN RS, AR B 2 2 R e 3.1

TP

86 Ml ALEEESEEA

-, A 0 e A D
P LA 2 ) ] A i et F AR T 0], R R L
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B i8] i B AN R EEE IR
20 5L T0 S By A0 IR

204055 80 45, E AL B e AL

204 52,00 4%, it F ik, AdS s T

21 442 MWBST, AR, AKEE, EEET

m 20 {42 7O AEAR

19724F, SREIAKTE - SREFEE TR ASREN =20, IHREgR
W, RN, SPFSEER, R SR ) E R AT DL R
AR R R T B A A =B B MR TR B L 2.5 S P R R,
Fl3.0200m. HBHR, SRt o0 B e e R b Sl e 15 R phe (R Ay a1 i o) 5

312 SRiEi R R R

m 20 42 80 4FAR

AT MR S, THETALALSE E AESh I . 20 (1h 4 SOAEACHE 19 T2 sh e
MGEFE R BLEA R, SRl B A . A H AR

m 20 {42 90 4EAR
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m 2] it
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o JE . AR HARERI . AR RS A

ARG T Y RE G A S P 4y S 0 LR A
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B B Bl PR A1, TP W G TE A B g PR e Al rh N A, SRR O
FAEMF LA ROCHR, REE T OGEEE . SRRz T H R .
Pt A AL %

m i

BB BV QT B AT A ( MR ) DUk G R RL
HEGS B, BPEER] (S B R PG el E B AR HE e AR R LA
HIFPLAEA . EARIE BT, MRl Hnm sl 9o i i duli s el iU AT .

P B
¥R E R

MNISTF B FEBAE: EH47HKEAE, HFkIDAHmx2810F,
A0 ENEFo~0FBSFHEE.

CIFAR-10 B2 4. &4 104E8%, SXA6000kBL, KX H
2 X321 F

CIFAR-100 B4E % . a4 1002 8E, #EFHe00RER .

Tiny B8 & . CIFAR-10 2L 2 CIFAR-100 85 A M2 & o i ik o £ wh, &
BPHSO0TEER .

Caltech101 F2 Caltech256: 43 # 101 £Fe256 £ HE, S M TEMGES L.

EDDB: R2854iKE A, 517T1RABRBAR, BB TaRBE.

LFW: R ARBETALRAINKIELE, A5000FAH13F SRA
EE R

JAFFE A3k . EA 203K AR, FRI0MA, AR TH LN,
R AMA o RFE, 7THRESAALES, S, R RE, IR
i, il fe A

CK AR CK+ &R 8 B8 &: CK PH T AMBEEaAE, AAH
AEBK; CK+ P aIE 123 3n X EF e 503 AMBR ST, aisiSE R P
H, LPH TR T AR,

GENKI-4K £ Mrst 3t k. £H4000ABEBE, 434 “£" # “F
" m#, BREBRPHARRAERIR—, £57F., LABARE, A
FAEEh A A £ R
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T SR T 8 PR B DI L I B 1SN A DR By 5 PR AN 5 AT

3.5 sl copn A R
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NG S g PR QN ] 3,16 i s, b BT A FR Y R RE AR SR IR A 354t

I s

Hile AEENSEmErEE

Elfg —f

LIRS

MTF R RFFIE ( Haar-Like Features ) (9803502 A GG 1 28 BUETEE . WS 2R TE F 3
TSR R AT e, A R AR, PROBRAE (RGmiE ). HIERRE
FIVUEETE e e, W 3.7 05, F3.0.7(e) ME3.700) HEAR T AR hrns /R4
fiF ﬁ’u‘1”7'ifﬂlﬁi—r‘rfpﬁ%'ﬁlx'_iedi'ﬁ’r'-itﬂﬁ,wj|ﬁléf\ﬂun G T AR R S N K 2

BRI
[a) EIERAHE [ o] PREEREHHE [} ZHERHHT | d ) EEREHE
[8) AR st (] ABEHN AL
B 3.1.7  WESRERAE
m i

(o RS R i Pl 1, o ad B i A AT A A e, HCrP A ER ma A 2
ARERHERDE I MRS L, AR R HIRAHE (3.0.7). Bk, dA—imEeRak
T e g Dk Ol R OISy . R AT 2SR M Lk g R R Rt U AR 8 X o A

I B R A KRR AE . R BB A e e B T R, 15 80— AR R S A
K BE R ar 258G, SE A NG ]
OpenCV 2 — 1 H FEME LB, A0 B LR 8000 55 07 1 i I A X0, 2 e 3h

i, Hi iR R i i, OpenCV SER] LA MBI T H . #EEHIC
HC++ iB 58y, HiEHMIESED, AL Windows, Linux Fil Mac 0S X Sk Ei5
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PIEFT. OpenCV ALF T Lol SdGil . BeEE @ abrl, Ly, RIS, 88
HE Rl L T IR Y S00 4 D eR g, Tl ER R sl e, IHEEeE
.

OpenCV T3 P A7 o] LLECEEIA AT 04 T A B A i e B0bs, (8 RIS SR e B 43 25 4%
haareascade_frontalface_altcml F125 R EE KA BG83 o8 3 detectMultiScale ) E A A B R
PR

@ TR ED
# B OpenCV ZLF A RS 15

& 8 OpenCV Z 4T, #EEH OpenCV A, EFLITPHA “pip install
opencv-python” .

A OpenCV i B, haarcascade_frontalface_alt sl ;& A B 695 R 45 4R
XS REBHRA, detectMultiScale( YA $ R AERAE H k6 R4, £AT
AR R AL e T

from PIL import Image

import cw2

import numpy

def detect(frame):
faceCascade=cv2.CascadeClassifier("haarcascade_frontalface_ default.

xml")
gray=cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY)
faces=faceCascade.detectMultiScale(gray,scaleFactor=1.15,minNeighbors=5})
print{"Found {8} faces!”.format(len{faces}))
for(x,y,w,h) in faces:

cv2.rectangle( frame, (x,y), (x+w,y+h),({8,255,8),2)

frame=cv2.imread("@limage.jpg")

detect(frame)

cv2.imshow("face found”,frame)

cv2.imwrite( 'img@l_detected.jpg',frame)

cv2.waitkey(a)

Dlib f2 — A~ ML A B 09 Cr TR T A, R4 T AR APL RS ) Fll { ob
Pk, EHAERE I, CareEmnc s, S EaAmrhal &k cfrBia] . Dlib el BATE
Windows, Linux fil Max 08 X8E RGP, & Zu M Finl s AL, 5
e AIRE ., PLEE AR S .

Dlib FE A (B R WASG XBE, i ] BRI KOG BERFIE AL, G ATIRIE . 36, &
. BN S . DUb FE AL 68 1 A K G EEERAE 2 BT R shap_predictor_68_
face_landmarks.dat, X4 3CEREEGE S0 AT AR LS.
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G;; LEE D)
Fil B Dlib SCH0 A B8 5% 5 45 4iF 2546 il

HAREEDIb B, E&F4S5FFHA “pip install dib” .

£ 0 Dhib P AR B3 R A R4 SN, RBAE LS
28, FRARHRDNT,

import dlib

import numpy as np
import cwv2

def detect{frame):
detector=dlib.get frontal face detector()}
predictor=dlib. shape_predictor({"shape predictor 68 face landmarks.dat")
# shap_predictor_68_ face_landmarks.dat£Dlib'F 68~ Aks £ absdic S et g
gray=cv2,.cvtColor({frame,cv2.COLOR_BGRZGRAY )
A 4
rects=detector{gray,8)
for 1 in range(len{rects)):
landmarks=np.matrix{[[p.x,p.¥] for p in
predictor(frame,rects[i]).parts(}])
for idx, point in enumerate(landmarks):
# 68540 4 4%
pos={point[@,8],point[@,1])
ev2.circle(frame,pos,1,color={8,255,8))

frame=cv2.imread("@limage. jpg")

detect(frame)

cv2. imshow("face found”,frame)
cv2.imurite('8limg_landmark_detected.jpg',frame)
cv2. waitkey(@)

o P 3. 0.4 2 T ARG R Y 2% FL 0k 3.1.8 Bl

(a) AEHEER [h) AEFESETES
318 AR

FEEAUTFHOE & . BT Z ET AR, PR ALTFECE & AR C RO G EA G
2Rfhdy, HAPRU TSRO LR SDR (AP R T HAD ) 0. BATTBE AUTEOP 6528
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fal , {5 FH POST ( 25 P HLAIAR S 75 22 () e 4 i R ma g (s ) 1ag APTC g R e dm R 4 11 )
M % Hihl A2 ik ivoK . il & APLSCES, BPRIS2 s A& . 1 3.1.9 9/ & AL R
S AR E LRSS Fn, R SR T AT ARG, b n] AT . PR b
% Ity 5

B39 FHEALFFRCF G AR e S

E;;' XRiEw % ] i)

R ESETRG T AFdastrEl M, B ran, 2Ltf
ﬁﬁ%@%&#aﬁ e AR, AAEERERLE. BRESAS RS
E B, FTEFEMAER N EGE T, OpenCV F1EH 6§ $ LR
i $ ) detectMultiScale( ), H &HHHX H .

detectMultiScale{const Mart & image, double scaleFactor, int minNeighbors, int
flags, Size minSize, Size maxSize)

image 5 07 & B1E . scaleFactor A B TLE T, TEMNE
B HREFE, B3 1108 F. scaleFactor # JUH A& 7 & 0] A B 1
ALK, —AA1~1.4, ML, BREFEMEE, AT LHE
fry oA, HmiHiim B, {2ik EARIR . minNeighbors 3 #) 6230 B 47
iy ARARSE 0 B AN AL, BUAMA Y 3, de R A AR B AR 6 B 6h A
F minNeighbors 8948, RlIAAZEM AR, flage (A 08, fFEARIAS
£E, TUEA Canny B8R ( Fob—Fbikm ik ) RARRS &R 5 K
F it AT dE ARE X . minSize Ao maxSize 5 F AN S A R A KR

T, —A R & F minSize 6944
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Bl aao  BEiggset

Hf PRI E AN, HEFEEEHTRN, AREFER.

=IEiR A

Yo BRIE 3,13 o A R0Re . ERG I B s fon A DI, T L T A G 0 R 118 DG ey
IEALT, SRS A AT G B R E s N 28 SR U R el . SRR AT LU U0 2432 n)ill,
P AR A TR B, w25, B, DGR, Wf, BMRARE.

5 3.0 JEn TR SRR SR HAB R B AR OCRRRAE AL, A OC BRI R
IR, ISR 502 B R A e T 202K
T & lass

[t P A
e = WL
& 8 8

-~ 4 4
% L0 fatisf

B30 e EAN A NS e
Keras 32 H Python Sn F2 15 5 45 M BCATRIE = 2 BE . 5 Sk F TensorFlow . Theano L
Fe ONTK ( TR S 52 T 4 ). Keras BE{ICR] 00— 200y APL, o] LU B2 — R TSR Y
AT, AR TRy FAT SRR SR R it . Keras HAN S HEEIERAL Y HE 02, )2
fh e R s rh I g L. W R EL. DAk eR . MG E e ms . BOES B BOHNE WAL ik S
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sy AR, AT AT AR G M b e 2 A Y . Keras LG TREFIO TESE . S
B ER 7S, RS I B S 2 e A R BB T

F FH Keras FERT LUAR Ty (E b5 i ph 28 0 2%, A FH Keras P B0 ( ML 8 2 1 26 1
ERINLE , AN 30) BOMAS B MR L, AT R R e Y . )
FH % 10 245 S M L B i () PRI . mT DA e i iR ar e e, T 40305 4 B AT ¢ 4
T

é; SKEREDN
I H Keras 23 058 54

Keras & — A~ 5 B4V 22 M 25 API, #iAVA TensorFlow #1 /5 3% .

W 4% R TensorFlow, A 447 P A “pip install tensorflow” , &7
vAJ “pip install ——upgrade tensorflow” %4~ £ 7 TensorFlow i R

G = Keras, TEGFAFTPIA “pip install keras —U ——pre” |

A Keras 2 £ AP 2 M2, R4 EZHA modejson P ( LEFFHR
FERBGTRAL), #RFTRAFBRMRERITIGE, FHSEBHAY
model.h5, MEE M EEA AT EFRA, KT

import cv2

import sys

import json

import time

import numpy as np

from keras.models import model from json

expression_labels=["angry","fear”, "happy"”,"sad","surprise”,"neutral”]
faceCascade=cv2.CascadeClassifier("haarcascade frontalface default.xml")

#H AN T e F
json_file=open{"model.json","r")
loaded_model_json=json_file.read()
json_file.close()

model=model from_json(loaded model json)
model.load weights("model.h5")

wa A b
def predict emotion{face_image gray):
re_img=cv2.resize(face_image_gray, (48,48),
interpolation=cv2.INTER_AREA})
image=re_img.reshape(l,1,48,48)
list_of_list=model.predict{image,batch_size=1,verbose=1}
angry,fear,happy,sad, surprise,neutral=
[prob for 1lst in list of list for prob in 1lst]
return[angry,fear, happy,sad,surprise,neutral]

#4125
def classify(frame}:
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FE AL B

img pray=cv2.cvtColor{frame, cv2 COLOR_BGR2GRAY)

faces=faceCascade.detectMultiScale(img gray,scaleFactor=1.1,
minNeighbors=5,minSize=(38,38),flags=8)

#i Gl AR B AR, AR

for (x,y,w.h) in faces:
face_image_gray=img_gray[y:y+h,x:x+w]
cvZ.rectangle(frame, (x,y¥), (x+w,y+h}, (@,255,8),2)
angry, fear,happy,sad, surprise,neutral=predict emotion({face image gray)
1=[angry,fear, happy,sad, surprise,neutral]
max_index=1.index{max{1}}
frame=cv2.putText(frame,expression_labels[max_index],(x,v),

cv2 . FONT_HERSHEY _SIMPLEX,1,(@,8,255),3)

with open{“expression classifier.model","a") as +:

fowrite("{}, {},{}.{},{},{},{3\n" . Format(time.time(),angry,
fear,happy,sad,surprise,neutral})

frame=cv2._ imread("8limage.jpg")
classify(frame)

cv2.imshow("frame" ,frame)
cv2.imwrite("@lemtion-result.jpg”, frame)
cv2.waitkKey (o)

PRI ES R 3002 s, B EAR “happy” . FEaiRN R R ST

B 342 RIS R
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FE R BB RE AR ALRR A B4 K B Hith

—. BB &3

| AEik— A THEFAESH “BEEs” ik, ARNFHRESHE
e SDK o AR A, 558 BE a5 ik

2. &5 R F AV 6 R A R, R3] AR P e s R h B 4F,
] A R B A AR

I EBAREGEL, S1BERA, RAZSHEREGRT.

4. W HERAE A REPHREE, HAHRFESF, HRHELTH
EHMER

=, EkE

1. B mf - T, e d AT AR FE AL S AeY S R B A AR
CRARETE AT S AR E, TSR
- ERLEPR R AR B Ak
R R E A RN A e, EEESEAN R THES
W, #lieshdy, HipfEA ¥, WwBHI113HF

e

-

BRI AT B TF B & i T ‘?ELJ

AL soien

| E—tEEE P, EAAS S EBFME, . A, BT RIRLE. Fitd
AL 2] B o X 4 % £ B 4rsh iR ég?

2 AR ARG 2R RN TERAE Y, AANENSES E, HHETd
far i 5 ot 32 ARG 1045 B 07

3. BT EAGAE, ef BN TE, R pmaig i
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o W AKRBETRAEARESEL A TFRGENL,
o Joifi A MiFE R E AR £ ALK,

o FoRAMMFGH LTS K,

o FARES RN foEF A An L E A A,

RISIRTR

BEXEPHEEES

@ F AL E A R R, SRR R, AT
AL FAEL, ERET s B, BRETFRHSESAANL
e X ARA E A RS R EBANE S, FEEESERGANE
AT R,

4B 3218, ATHEALEERMT A, T HEILHES TSR
My pEias, e EEF LRGSR, B4, ATEREE,
HEMLG O EARAR R AR, FRAERALES NG A

55,

ki ok MRS MEHEES

it — =

- “15‘

E -T i
a5

-
B3z21 AHUEEEET

1. IS b Eptmk R AL MET (FHAXE)
By TR, SW i FRE iy B E,

2. WwASUH RNz RARRENHFE, ATTENTLHY
R L xSy R GL 8 H X 4.
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321 BHIEHAEEA

MR VPR AR Z Bl bR A i 530 A AR 5 A i, witid
FEEFAN A% NERE Hiw. THRPLEERNT . MR ARE S . ARG B AR
MRS, EWAPLERIAR 7 HEMT K.

BABEAENEE

CHEREET AN H SR ERNE S, WDOR., SRIRmikiR. B AL,
EIE & S AR A AR i A B AR R 800 LLE . HIW TRl & MEea £ 'S
HRNTEE, AR SEE A SR A AW e, D i AR e FH i fr B ke ik
PeAr HEAL B TR (SERA ST ) MIPRHLECAR A S ARG SRR,
i 1SR T 5 A

FURIE S B R TR Q8RS e . &, ORI R b, BpXTeE . 9],
], REEERA L S, U, A, B R TR N B SRR M)
Potdr, AT RO, Blig A SN SO DIERIR SO, iR M i
i PRIRDE A e T A LA RS RN . B SR e e T AR ER L

TEN T EOEE, H ihd 1A  2 FHT1E S8 0T DU S HLAS 15 B 1 5L Rh B ARE
HARVERIRMEAT LU R U5

W (), BILAR A L ] P A SCAS TR A D

W R, BILAE A TE A R A AR T4

m B, HLARHE AR a8 ) R AR AR

B R, PLAROEIL—RE S RS — RS S

BRIEE LA ENER

FLARIE b B B oh a] DGR 0 3 [ T 1950 AR R a1 M, 22 T AT T0AERE
B, Had B bl 4y b =B, i 3.2.2 B

K ]ﬂk]ﬂ_? i ;J' ;i.
WTFH R
AT HURIE T i

322 HEES A E T E

R ISt W L HURE BN e ]
20 [tH£2 SOAEACE] 70404, FHEF0 T SEHLAR B AL 2RI S AR S A8 A — TNl
e SR, AR S RS RAARE L . el A R R, SR AGE SRR, O
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it oy SR Y [ AR IR S AR, P 323 . SRR T ik R TR AN
BTSRRI, (R TR e SRR L ¥k, HS ETFXCEEY
PUHOC, ATARMES MRS i A2 SR M MU S R TR A e . PR, A
F RN R T AR SRS o iR R A R IA B 4 AT E A ECR

HEE SR A

I PR S
Bi323 AETFAIMAY) B85G5S MR EE

TR AEFaTi Y A ARE S A

2012 7044, R R Y K R R R R, ST A e T e
F, BHEFEZ IR E R BARE S A ), R 7T S B ARE S A B,
WE 324008, GihE SERERER TRIGTEFIRMRE, HSCFAESIH Bk
i G2 0 A T DR b R AT TR LA JE S i) . SETFaEil iy A SR 5 ab B MEL
i ACF, RUIPLEE 5380 T 300G se ek A A2, ok B 10 o i ) o A Bir 8 L
TG EEERE EA U B RT, (AR G R SRRk, RO SRS e 6, iR
i OO PR, PR, BILER A Rk B S N T ) o

Seita)

+

At R
A
Ay <Xy -
AR A Aﬁiﬂi
er-I P[-x:r-l- r}

BH3.24 ETHGE ASITE AR EE
w5 B LT E A F AR bR
G4, SRS T Ab BE R S GE T A  IR A S PE HE r  B, BRI
IREE L Sl . TR A ARE S R RN 3.2.5 s . SHCEL A TR
fEM IS PR i AE, SRS o uin) . ik, iR, S5
WHEE e g, Sl ., A8l Gl fREE R k. R, AR A
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Zo VPRI R (o TR e A A A PR A IR i — B AR BN, B B SRR Ak
PeFT ] 7SI

i AJE LE i i

B325 AETFHEEAIR ARG i EE

B 7815 S Ak 1B p B 55 B R PR gl

LRI b BB SRR R IS . SERRBIF ST R L S A TS R
BfgE R, AR ARESHHTRITE LM . T A BRI AN T
S, MR R SR R E AL B, (TR, R
T, M. AEIRYE . RSO STE

B BT AN , AT o A AT kT3

SCA 7 R P A AR SR KR . S RERLIS BN . BRI, 1)
T AL BIRA ARG, AHBRE. ARG P, TR
R RPEAR R, VRO . SCACRCIRIE R RSO I BT SR I H SRR
i,

R A O P AT B ALAS RS (6. ME PR . BLEBTIE . e
ST B . RS A BRI I T SR SR B R
G AL

W iR
ANEEEESVHRE®

B EAHINERARAE AN, KETHFW, AEMKTHEH LD
Frid Aoy 7 XikAT B F fofik, HEHARBALSHOATENET A
M, WHEET, BELAEOANFAEEMRM IR, TRLEHELMT
B, EEPAREMAE. ETAARELNAF T AP ERAA,

Yt - BRAR AR it A 5E T2 M X RaA,
Lt L (HHEMESER) PRBAESHAFLZAITE, FR
hTH L6 “HAMK". “HENNK HEREW, AEETEUEAHT
LSS A R0 TR AE AR AR L

1964—1966 7, £ E kG R T FRGHE K - #5685 (Joseph
Weizenbaum ) 3R T —M L A Elizadd TH AR B T AR HERE, Bl

32 BRETLE 101



e B R AR, XAEABL RGN ERAEAR, kR pE
LRS- EBANTR, LAREFRIRANGES "7 Lik—4H,
] 3.2.6 % Eliza R BLSFE B & 5 A6 —FR )8

File Edit Options Buffers Tools Help |

PR LSS ILRERGY )

4 I am the psychotherapist. Please, describe your problems. @
$Each time

you are finished talking, type RET twice.

I have a terrible headache.

Maybe you should consult a dector of medicine, I am a psychi#
Satrist.

Okay, I'll do that then.
Can you elaborate on that?

What are you talking about? He I cannot elaborate. See you 1#
Sater.

Why do you say that?
How you're just talking nonsense!

What makes you believe now I am just talking nonsensae?

You are not making any sense.

7 Parhaps your plang have :olcthini to do with this.
1

i ** *doctor* {Doctor Fill)--Ll-—Top-——-—————see—cad

[3.26  Fliza SELLLAIE 4 55 A GT0HE
FELE, BlimaH A Gl EAE . 886 LT 41E N
PEyEE, R XS FeiaF A, E— RS AR EAE LA A
g tede, BH P BT B, Elizadtiil: CHRAE, BRAGAARGE
R ssh, Bhiza g “AM AT “hibmESE—T" X £85] TR T,
ik 4ot iE RIS T £, Elizaif TRl b AR e) T iAo X a4k
REEZRNPHGT. R PR "REH AL 8, Elizadil “hh
2 B3| gk ferfit” | M, Bliza RARAFREER P ARG T H A,
fedp AliX e B ERE E “RAE" TAREARETHTT.
Eliza 5 B 2 20l R £ T, k%5 Fliza LA 65 A#34813 Eliza
0 H4 M AR T AL AT LA A R NR e M, R E Akl
BANETBEZE, MAAFRPAREEIRtRY, EiadfFrEd—
FERWHRAAEA (Chatbot ) 892, LAHERTHRB DK, FR
Siri. &3k Allo #o I& & ik Alexa F 47 4R 155 8h F o0 B4n

322 BABSLHEMEA

ERFERHN, A F AT AV H R PRt i A28 . e BEAY T s QT il RS
PEULAR ARENT 2087 PSR pLAR ALY PR RE", U S SRR AR, X
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FEARSER “HEE T SRS E LR ARSI RO SO AARE L R R
oA TR S, e WG RE”T S R ffad EE e AT BACR LA A
AR B SRR . i “SHGRE” TG, 2B B R LEE A iE
HAEH e,

A ih R

CHEET — B F SRS AR PR P FR R, XS RS e A RALEE A, R—
FiLAL=ih S A B i AR . RSN A — RO A R GERE T e
bt 1 e S W1 {10 S s L L B G TS < O W ) o T B o i 1 B/ e A g
M

SetE HI3ETF Python S B8R 5 DT A1 2000 5 0B T G NLTK, k58— 5 5 1930
AN i R G R . NLTK TR 3L 1 — 1~ H] Python S B215 5 4 T HARIR &5 b B
A9 RERN T H, Rt 1 s B ARIE AR B DGR (9 A A R i) b . G Ay B
A BT bR O . HGRIIEN], ol LI B 260 F 208 S A PR RE

é; TR
=it5 NLTK B9 K58 A 3 E

NLTE# B A M BEABIE - E % Eliza, =& AT Y Flesha, L EH
Rude, 23 P B35 6 Suntsu, WAA A BT Zen, NLTKHEEM T £ —4
B EALE A Bliza, HREEMEP M ERiza T L CHES L7

»>»» import nltk

»»>» nltk.chat.chatbots{ )

Which chatbot would you like to talk to?
1: Eliza (psycho-babble)

Iesha (teen anime junky)

Rude {abusive bot)

Suntsu (Chinese sayings)

: Zen (gems of wisdom)

woB o

Enter a number in the range 1-5: 1

Therapist

Talk to the program by typing in plain English, using normal uppercase
and lowercase letters and punctuation. Enter "gquit” when done.

Hello. How are you feeling today?

>very sad

How do you feel when you say that?

»sadder

Please tell me more.

»I have too much homework that I cannot finish.

Have you really too much homework that you cannot finish?
»definitely

How do you feel when you say that?

}
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F 5 NLTK 8 BF RAL & A 8, Boah IR f iy &) 3% Rom. 08 B = 3738 &
% g NLTK (-2 T3 4T s “pip install nltk” ).

A2, 1% Eliza SCFE AYHLEE A W] SRAR H P 4 A SCA R oA [l A We e 6 T iy
SRR s, HR T ELERE A B AT G TE % ChaterBot, & T4 HE — 1~ 30 AT X
BLAR A — R FE

ChatterBot & — T3 LE Python ST &5 LAY AL T OLAR =~ I A 755 | 88, nlLLF
IS B % e A T 2 = e Bl . ChavterBot B FH P 8 AR LR HoEME
AL SR P S AR, 2B a T aeny e . R g Y
ChatterBot 28 Hi 2k 114 AT B0C-H A (R ( PURCEEfY ) A4 i B i egloe . Bk, —4-
ChatterBot HL#8 AAEE NS0T, HA LGS A IS HrE AL, B2 0 P A —h)iE,
HLAF SRR AF A EG, FI LRAE Bl A i ) . BILAR ARy ) F R 2, RERE [ 25 1Y
DEIEVET e S - R TE 3 T

SN
£ ChatterBot R 428 A

f# A 287 40 5% R ChatterBot ( £ 844744744 “pip install chatterbot™ ),
HARIMNRBMEA "ILE" . FEEGS—EAE RV ENE AL
from chatterbot import ChatBot
# &) — 44781 8 AALEA L Chelsea
chatbot=ChatBot("Chelsea",trainer="chatterbot.trainers.ListTrainer")
# 2R P ARG A E B AR AR R AT B AT R
chatbot.train(]
"Em4b L g FET "
" " Chelsea. ",
"SERAEE",
A, ERESHERRAFRET
"HGRERARERALT? ",
"L EA LA AR e "
"iE AT AR AR LR MR,
Moboeb. I BCEESTAEMC T,
1)
#af B PR A 08 T Ai AT ee B A
while True:
print{chatbot.get_response{input{"user:"}))
EATRAITAFMBEARIT . TEA—LMERE (wer AR P ),
user: {R4F|
fratt
user; 8 WG
FAEA LA KM F . T
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user: &ML ARG,

fiEfLTHEN,

user: ARRARARFIH 2 LFT

#m™Chelsea

user: i T 7

-ﬁ-'u—]"lig\..

TR, HMNEEGIEA Chelsea X THRBp S E0y EMEHFFE,
PLEA “iET 2] MR " 5, RS040 T PR T il
B —8)iE AR H R AR LM " HFiBLiX gERE AN g T
R EF LA KM, RRY " KM, EFRMEGF R, FRESL
RElfaeme, SMBA k" 8 “MhasdediFnftaesy " B,
BE T MG —aiE B ALF? " Amtkd “ 7 Chelsea.” #
= 2

AL, dofTH e BMBAR L EMER? KT LR RAEHE LM
] a0 B4 ChatterBot R4 T — 2B i R o907 A 545, 045045, RiE
Fo B P FiEF A EER . T @30 4o T v d¥ ChatterBot 8935 4 S5 L 5B A

from chatterbot import ChatBot

chatbot=ChatBot("Chelsea",
trainer="chatterbot.trainers.ChatterBotCorpusTrainer")
#FChatterBot & 4 o7& # SLIE I AL B A
chatbot.train("chatterbot.corpus.chinese")
ot ) i A SO AR B4R
while True:
print{chatbot.get response{input("user:")})

EATAR AR, 2R M| e I R AU AR A A S BT E,
i B A ChatterBot B W é3 IR ILER R, R TEWEMBARFEF
B AL, FERR e T liEd ik F XA E B ahisH, Tukal, EH
RERETHRAMEALN “FiR".

BT EAZ:, EFHATARZMEAN “HAE” R?7 £ ChatterBot
b, EHERZIATMEANLEFAHEN L LR LGER. ETHE
o e e, B T A 4R 18 E 35 . MathematicalEvaluation J #& =) 22— bk
A e it e, TimeLogicAdapter 7] =7 40 ] & AT B iR A R 6]

from chatterbot import ChatBot

chatbot=ChatBot(
*Math & Time Bot",

logic_adapters=["chatterbot.logic.MathematicalEvaluation”,

"chatterbot.logic.TimelogicAdapter"],

input_adapter="chatterbot.input.VariableInputTypeaAdapter"”,

output_adapter="chatterbot.output.Outputadapter”

)
# AT AR ESH T (RERTF ST EE)
response=chatbot.get_response{“"What is 4 + 9?")
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print(response)

# ATFP— A~ AR 6] 1] A v B 09 4 T
response=chatbot.get_response(“What time is it?")
print(response)

1. FFEARER, T#ChatterBotZ A HBAEH A, FEEEHE

HERE.
2. Wt — HAR R IR FT B RALE AR “WE"?

P HrEs

ChatterBot

ChatterBot B AL EA S AMAERE, THERE, FHE6E.
M ERBEUE NGB LA 4. WAEEERNRERA PTG AR,
HHEA B TARFT—FAENEHNE, RAFFRINRSFHGE
2, TR SETIkA, EHERENHLE N ASITERLE, @
HrEg, HHEE, AFEERARGODE. SFMERSEFZHLTN
Fo G ER AL, iR Bamid, 5E545ARFReiE o g R,
TR el T MSEBSRANGENBEANTE, BTN %FE
A, —FABi AT AR R (e ["R4F, "R, BAE
WAHERE); A—HABATFAEHERING, AP TIUFACLERE
WriE AR, ATl A F LEH A . ChatterBot 2245 4715 L€ T¥dil
S EAR AE TS, ARARLEIZTIHT,

U A
( Bl . APTRIE SRS )

A [ i i
(EER A APIRNE S SRS )
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import random
def M_C{num}:
count=g
for 1 in range(l1,num+l):
¥=random.uniform{@,1)
Y=random.uniform{@,1)
If X*E24Y*%2<]:
count+=1
return 4.8*count/num
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Pl 3.5. 11 e 8 ek TEHL A AU DD RERIER SRR I . D5l B3R IGE, F HEPLAE
Nl AR, . ANUMIE R M S B R S, R W RIS
AR A B AELAR A Sh G R R, FLAORDE, SRR B i AR RIS
B SR A AR SR B i b A (BRSNS A ). AL SRR
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B350 BRIl AT R E

Pl 3.5.12 R EERTFEOLAR AR LB FRIEHE, RECETH Python 4
PHE G BEA 20 Python B4 P2 R BEHGHET T A B WIIR A IS
B PO Sk MO T, i e AR R IR BB, X R
A HER T AR AT, T ATE S RO S T P
WU S R T R TR E B 22 v U A T, §
eV IFUSH R LTV VE S 8-SR g rd M BB AT =R ek 12/ o PN
M. MWK A Rt RPN IR X ARG

PR RR T -
from chatterbot import ChatBot # A A A
from speech import SpeechRecognizer # -FAGET125\4E0
from speech import SpeechSynthesizer # A&7 & Al BEl3512 W EERGHE
import sounddevice # T AGETIR AR L% AN B R
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from face import FaceDetector # AR 4
from face import ExpressionClassifier # “FAflyo E£4ik
import cv2 # - Aopencviid:

# Aodbib g Ak

chatbot=chatterbot.ChatBot(
"Ron Obwvious",
trainer="chatterbot.trainers.ChatterBotCorpusTrainer”

)
chatbot.train("chatterbot.corpus.chinese")
recognizer=SpeechRecognizer("speech_recognizer.model")
synthesizer=SpeechRecognizer (" speech_synthesizer.model™)

video_capture=cv2. VideoCapture(@)
face_detector=FaceDetector("face_detector.model”)
expression_classifier=ExpressionClassifier("expression_classifier.model")

. AL

WAL I VURE QIR 3.5.13 s, BRI 11 JEh 1
SR . ISR, JUBLHIRSR, 45k
BRI 38R T PR R B B L T TT
ARG A A, SO S B T A
W .

AR R T

# AR L a4 A b an s
while True:
# T ERES
ret, frame=video_capture.read()
if not ret or frame is None:
break
bhox=face detector.detect(frame) # hiTA i
face_image=frame[bbox[@].y:bbox[@].h, bbox[8].x:bbox[8].w]
# dtAT b In A
expression=expression_classifier.classify(face_image)
# H— 00 AL TF )5 8k ot — £ uta) (£ V)
cv2.waitkey(5)
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G, R HERHE ST AI, S5 EONSOR, IR AR, 2
SR SCAS 3R T 7 0 L BRS BESRHPR R SCA RO TR SErits
R MU 35,14 D5, B OB E LT -

# R A e AT ik
input_audio=sounddevice.rec(int(duration * fs),samplerate=fs,channels=2)
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# PR EF A, RS aRALA
input_text=recognizer.recognize(input_audio)
# N LA R AR, e B A
response_text=chatbot.get_response({input_text)

# R AR A AR | AEeR R 43R A G R
response_audio=synthesizer.synthesis(response_text)

# A0 E I S A e A sl AR
sounddevice.play({response_audio,fs)
else:

time.sleep(B.838)

B354 BB

LIRS EEo

AHLAT SRR BRI AT e ) BB PLA A BC B A BT ( Space Invaders )
AR HE. sk PRy “REEAT L RS REERY SRR fEARE, FH—F
FURGFREE “ARE" B “ShfE" Romgs, “RIRAT et d e SRR A AR . iR
FoA- s AR T CEET AIERR (SRR ). B4R CshfET tessihnge, Rz
W 2 1) 55

AR BPRAET IR AU, BT PR ARG, RS
BEA TRt N, s SR A B R T AR ET WS . HLO AU ATR

import AlGame as game
game.play()
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