144 E%-ﬂm A

o R T
1 i '|
O |l
) BTN 3
£ = HER

Vel 1
\

0] O -HO P

R #




A Ao & ox s 2L

I Nz 2, REFZUATT 3 iUt H



A LRI

NEHE GRS BRI & hals I P ‘
Hh P R A O SRR A3 4

EBES HMEE # &

AAS sk 2 DEMEERE

« JE5T -

BN N2, REFEAT Ut A



AAJe B urhi 22

B i BUEE B &
BLE % el ¥ 57 & B

A S it W
B NG ZHPAR kil £ A RS0

v ESwmit: TR MRS
KRG & e IR

HESPERE EEEAR ®EMsEZ4 ATESNS
N REH R I 50T (5 B BOR IR B W Al -
F [ i P R A OB H R A

O AALAsm it
(LG AT GE X P OCK K 17 5B 1 4% #E4&: 100081 )
P el [ S R
CAESTHTPYRIX AR 7 3 %5 Hif4W: 100054 )
1 hE  hupd/iwww.pep.com.cn
http://www.ditu.cn
MR A ditujx@sinomaps.com  jefk@pep.com.cn

REALFITAT « AREVF Al AR AME ] 77 =X A S WSl A AT oy« b 5%
i N FE R ), G TN E B B W ERBEF : jeyjfk.pep.com.en

(AN N2, REI ARG 7 it H



» 5
/\. /f\%ﬁ’ﬁ *ﬂ:f& f’!-

SUEES

WGHAR AR B BRI A3 ) e i e 1 B 5

ELIER A L AT, IRTIE LR T2 E BEOR T JiR 5 56E, Bilin.
FEM EARYORE, FHFHLS R AR IFER &R, IR sh % . AR A ML e s
PRAT )RR o 26 107 Hh AL S WP SESC R RER , o MR RE AT 7 JE AR AT RO A F X L 4%
AR BIFAN I FME SR, ITHTRALE, vl B e S0, AREERE R
thastte? B IR a9 I ToRE:, 28 BRI I E B8R A EZ2 i ARE %, 3k
i B T O R FEZ

N TR ESRE B SOR, M BRI LA T = 2R E5 .

LOAE R EARS, PEAREARESMER, FREHEARKREIEE I, #EREER
GAWHHE, (BELRERFERALZT TR R E, EATEER BT XY
P BAFSSER, AR Aal, mRERAUR R,

2. HTFahF, BToik. [fEBORE I THBMERGRIIRTE . SCERAEHT BIIRA 124
GfEpone, #E—AFERAR. Fitk, ZOARREMEEREN EE 7 J0H, &L
SEI “SEERIE AL BT EN” “BORSCRT “PEEhRT SR HRE T NE, SR
ARIBUREZE S

3. ABWRSE . BAE IR, ER8EBEARNAR S R = — 1L,
AuJRE—BLNT R (R ERBARFPHN AN 5, SRR Z R ED], (HATHEARE
%, AATHEL NERBIFZ:, B2/ RMEESE . iR, BcE AR, g
AW, BUkahFEAE, KABEE, XS RR R PR, )5 A RERHFTLLAR,
TEARW AR R L A P B AP

Afrh i LR BCER IR, Al EERHBEEE A W6 09 BRBORE: H hakie.
LEFA DT i — B BEARRIREE, MK N E RSP EHIThEAR!



ARAS h xR

H1a AN TLEEERLE 1
FEFEH: N TR RSN 2
L1 A TR REALAH 3

1.1.1 FHAAN TR GE 4
1.1.2 - N THEBER AL 5
1.2 N TR REAE AR 9
1.2.1 N TEREM A JEDIE 10
122 NTHEBEMR K JEIIR 12
1.3 AN TEREFFE N 50 H 16
1.3.1 N TR REM FEMRNE 17
132 N TEREMNH 18
pskan ity 22

B2E N LRI B 23
TR H . B RERORWIAL: 24
2.1 HRERSERRG 25

2.1.1 HHAEIR 26
212 RBESHEER 28
2.1.3  DUmM-ShrfE s 31
214 HERG 33
2.2 AR 37
22.1  [EFE= A PN H 38
222 [IHR LA —BR 39

(DN NFMEH, REFENART A H



/\. /{i-%?ﬁ%ff& j?‘!-

2.3 [l R AT 42
2.3.1  NHIRIRER 43
232 FHE R — A 45

2.4 i K- S{ERR A TR 52
2.4.1 NIRRT B RE 53
242 K-¥EREF DN —REE 56

2.5 PPN GIREY 2] 60
2.5.1 AN T LM 61
2.5.2 BHMZE LS SRR ZE R 2% 70
2.5.3 IR KRG 76

BAE T 82

B35 AN LFResk M H 83

FRsJIH . B RERE T L 84

3.1 AN 85
3.1 AR A 86
3.1.2 AL 89

3.2 HAETLHM 98
3.2.1 HAETHMFET 99
3.2.2 HARET AN A 102

3.3 ALas RS e 111
3.3.1  Hlaw PR A A ABLR 112
332 AN LERESWRE 114
333 DAHIAERL A SRR ] 2 117

I AN EH, X AN T U A



/\. /{i%ﬁ%ﬁf& j?‘!-

3.4 ZRRKR 121
3.4.1  THIRDURM A JE 122
3.4.2  gifks] BAL A 123

3.5 BHEPLAFA 129
3.5.1 FREHLAF AT 130
3.5.2  Faeblaw AN SR 134

SZE N 140

WA NLHAERE 141

FR eI R R RZ I 142

4.1 MERAR KR 143
4.1.1 AN TR BRI FHAE 144
4.12 NTHBRMANRKE 145

42 ML PR 148
4.2.1 N THBEMIEERAE K 149
422 NTHEBENL2PEL 150
423 NTHEREMCIPKL 152

4.3  FHE DA 155
431 HEMSIE 156
432 HuH%E4E 157

STV 159

It H v 160



5o .
A AJo b w2

il

5 1
AL

I

Hetfid

FE-XtREfREEBFEES L, BXSAE “/MIFT K57
REWMRR, XRD4% ERISHER,

“NBET RE—FMBTFEARENEEDRNSEA, 2IXERNE
SHIBEITES Eﬁlﬁlﬁﬁﬂgpﬂﬂm , E—EXEEERASEM BatiEciE

“NEET BEDEFEM. BETH. EmEETNNLRESFSH
Ihee, MATHSABEEM. ITEMRE. SMAVESIFRYRIZITSE
SR

BRUEZSh, EEITFZA LSRR CENAF ANIBEFNEEY
b, AT EEE (Artificial Intelligence, Al) 3#£8980@, Tt A
IS KRFMARRIEEIZ

RESLL “ A TREES D HEBFRAEE, SIFELT
A, BEATBEARINETERNEATL, %
M, SEATELENEREES, BERFIEIATE




AAL i 2L

ME K BAEFREEFITFRRGR BT, ATFEETFAERH
“eY, AHMAFEERE, RIKNGAEELEP. ATFHRELEK
THRMNG I, AFFIFTX., KFA “ATFRESZD” HEM
FRABEFH. & DERRAS>TEE, ASEEATXZAMERE,
5 AR FHAT A,

1 REBRIAGFAGATRHE, BRELERAG T,

2.REBIRAMAIFRETAINGHEKR, BREZAAFRITLA,
R AL LRMNAEFTFTRGEREA,
3. RIEALIFRRGREAY, BASTALE T T 5,

IﬁE:&% CONSERUTH, RS

@ LHFEFHMET U, LAWMHS T, GIETHEE. KB, REFHGERCIBAETSF.
® AR FE ERAREM, HEIFF TN B AP IR B

fep ST AN AW TFRTE 30, 4T RAEATUE 0 e
FISEIR. SEAELL T4 BT H (31 -

L HAFRBRRAMA L sesditERRE L AIRAIFROEAY
CIARAR, MEATE L ABA T, THALE ¥, REATROAEAR,
-V LCER T DXL O LR ARARAIR, P ARABRERE, REA
C RREHRKRA T AL D ARBEFAG LA CRFEIRR, FEHLERF
DA, @Ps ! . PRXHRE ., EP15 D #AFSF. KA. &P21
RN = = nEE4 e it AT VE o 2 5+
IHESZE N TRAFRA G, SDARTAB F IR, HATERZALIFN,

R DA, AR F IR FOELE, KAFAGATRERE, T
A TR AE, ILRA L R RO LEAY

2 EB1E ATHEst#R

(PN N, RERBU S T i H



¥, » "
AAS A xR R

F ] BIR

o WMATLFIEMIEA, B AT LARSIE.
o it RErAeIR R, BAKTA A RH AL F 3 5.

FIGIRER
AR 71

EPREATTOZETINERZA, ARNSENNESZANLR, TR A
" AR, BRI RS, HIAFWE, MBEAAH “REtw K" 6555,
FlaT3T 1148, AEA P RERANARRAHNERE TAZFRGESE, €2
AT % $ 53| fo i by Yide 55 AR

Bl AT A BA T F IR, HRIEABRRINEK,

1. BRALFRITATFE.

2. BRI —NOLSRARYL AN bt &,

3. EE—REZRANGARRE S

4. BT ABRA AR B 5K LAFGARK B F ZRABME —IKK S KA
BEEAR (B1.1.1),

L AR SRy S

1 “ARRH" AF2AHIAAZAIEREA? E5EFFHERANE
o B AT 2 A E 7
2. EEFNRAREAHEATHRMA? K& G EFLSFMA KR,

1.1 AT EeERM



AT kw2

1.1.1 #FBATITEEE

AN TR RN AP IER SR, HAT, FESOR, TR U K e FIZR Y 5%
B TILFAR S N TR BEA K, WRRT|1%, BEehifE, Plas AFIXANLE

BETET

B R iR
“B R MR —8 R R T A F A R IEX A - B R (Alan Turing)
BF1950F 8 — e X— (HEMBS 54 ), BIZXFER S
RGREAARFR BT —ATRIEN S . EMNEXESHNKE4AL
fedegtrolT, MXEdd— 2 RKE (i) GHEMNXFEERE, 4o
B1120 7, 25504 B 45, WwREMiXEREA % T 70% 69 B4k 4
EHY Ry, PLXEMBHBET B I MK, PHANBLFALFTE,

P12 PR
2014F6 A, ZEAFTRKFEMN, WEFTHARFTLGA LT REML
%+ F 45 2 (Eugene Goostman, — I RAMBAKMN ) AXBLEXFL
RATHY 2014 B ZK” KA LEpREETAZAK, Lt —~4
13FM L2253, “W RAHEDBUAIFEITAANE, RAGHET
B ) 3 ) I RAL B AIRAF

e
KA “hbd - SHME” BEALETALER? BT HAMN RS
ME, EXERMA—RAHBERERT? RMR KT E,

CANTHEGE" —Iam PRI 1956 4R kR r il EodR ihng . P22k, A
MAE RS2 D N TR RESE H T AR E SCo (el ) XA TR BEN R EN “BF5E. JFk
TG, SERAY RARE GERIEEIE . k. BORRNH RGERBARR" o (A5 H
AR ) (PR A REAERE)) Mg XANTERERN “BFHEILSE BRI
il K Law AFESA TR REAE VIR A A 1Y — L8155 ERIRET”

FETE CANTHEBEAREILE KB (20181 ) ol “ N TR BEEM TRk

4 F1E ATEmE#HRE

f11 .



/\. /{i%ﬁ%ﬁf& j?‘!-

FRCAIT RN AP, . SERFNY R N AR RE, JENFREE . ARECRTR I FH RiR
PRSI RAVENE . Tk ORI RS .

éz;ﬁﬂﬁﬁﬁ
A R 2% B A b Y SCF

L RAVIT I — AR BB Wk, 2AIAR LA A A S8
Bh, A PRZ -8 ERMAAEE, @ TF A AT AREH A B
APeaLF (B1.1.3), Mm gt ARt E2435 8.

OB iRl
. - - - T ®s aEITY ]
Ek !; N ?; %’? \ . A 1 kEERs

éaﬁ Prent v e R 2 mRiTel

113 IR E Bl s
I FRER KW AXFWEE, LRAAIFRFKT & LHAT

2. FEABM — AW AXFHOELF, FIARNZAFHREES ERE
ﬂ}g@}%—ﬂ

1.1.2 AILEGERNERSSE
N TR BE R FEA R E 2 RENS (L4858 B — S638 N BEABESEM A E 2 TAE.

BE AT
R AT AL IRT AN

WREPILEA (H1.14) 2250 TIrE kR4 KRS 365907,
CAAERETHA, EEFRE, AEESF, BRI A A LBEFHE.

KRB UBALEALR PRSEALA L FABRE, BiEF AR
EAHATR A, REMREAZE, FREPIEAT AR Aol 32 6 & |
CPA R RFERES, FARRBALIAEMSERINAREF Po; £
ELFATETRAHBRER B EA, CELAFRIE A, TAHY
EARITCEEE

11 ATEsEREL 5

(VLS NI, REFRNAE 7 A H



#/QliﬁﬁWQ%j%iﬁl

F1.1.4 EHRERTHLEE A

:mb &k

&
i
g

F#ﬂ%ATzwﬁ%AMmﬁ%%IW?z@ﬁ?%xﬁ%?

Wi CATE BRI B A (2018 Ji)), AR TE RERVAFIERA LT .

m i AKEt, MAEIRS, ARBORIR, FEahEE

ATHEGRRIGIE AN BOTHHAHLAY, B MBCE R P28 s R A 8 558
PRIz e TAE, X EERARE . T, AR, iz, B MM ERI(E S
TLANRIAREAY , O NSGPRBEAEf ASRRETI IR ST, SR AR iy —28 “FHEfT A" 1Y
B

W GEESHIAEE, REF AN, RESAKH., RESAEAD

AN T RERGERENT A& AR S av E XS SR INE (A6 AR ) #EATIE, Al MR A —
FREE s, B0, MR AR SEREOR F AN IR RS AR R, X AN SRR A SO
i RIGHEE (ERPATI ) SRR RN, EBhTFHH , E. Bbs, be. F
PGS RN G BB B SE C, NSHLAREI T LA AR, Hlge
DEEBORE BT ASRTI RS AIERIUME . URE AN X, AN TR BERGRESHE B
ARMBARATAR . AEVAEYLERERS SE llny TAE, AR AT LR N B 2 E
%, BRI, Ribtk, 2EEN—LTE,

B AENEE, fAFIRES, AR, AR R

FERRARNE B0 T, AT B R GEAENS BEPAEE | R oL 55 22 Ak ik B 2 Bl ik
HSER, HAEESLAEGE bl 52, v, A PIBORB) T Z TRA BT
R, LBl BT B AR WA AR, LSRRG RE e . EE . RIGTERM
IREME, RNR AW ARSI, IS AT 20 A 2 Z A9

6 HF1E ALEmEHRE

AP NFAEH, REFATT 80 H



» 5
/\. /{&-,/j??ﬁ *ﬂ:f& Z‘L

‘é;@%ﬁ%ﬂl A T 3% . A

AR R 2 £ R R S AR, ARS8 A
Wk FERAE., CTANAKRGIF £ BT R
AL, VASLEILS A RIS, XAEARREAARH
BRERR, AREGETALIE, A BRAFIERRAR
EELIR R, ARG AT B R TR, A Sl
AR gey kst s (B1.15), RREAEEE, ¥A S
SO AFAEAE A R EAL ARG A, B BAESE— T A E LIS ABOCHEGRTIEL

2, Blhe, ik HAod] BAEEF

FH—REHPRAHLATRE, RREXGMANGE, HEALERE
B R AEHEAT 24 o

W AR AT B85

BALKRABALEERALBEFELH - R (John Searle ) £
W RE, MARMBEX TALR R EAP AT ZGIE

WAL

BALFRGIEL: RETANERFERE X TEL 0 R MK
A ANALY, B EHFRIE, THANMATR AL EGSLRC
R, WA, BALFRNWEPELELT L FE LA ELGFREKE, 12
HAEK X Rrmegse A2 Lty dm, ZRSEA HEFIR,

W IEA LR

ALK E L, ZE L HBAEGT TS AL EN S 4RO
R, BALBHRNBEEE T EOMESALILE, EHGOEEB L EHED
Faff kPl M, TEAA T EEROALBINOALIER, BALEE
WA RIZIA T RBEARL TFBBAL,

RIBA LR S ARRILAEL SN sk L, M RAA LT AR A E AR
Ho BAT, EATEGEE LA, B —FAT B A A TA AR
oA ERAL fefoiB AA LR GRMILE,, AR IRPAA LR AEE R ATEE .

mEAALLRRE

FTRAALF AL EHES, BRAH., LAATFH, F LK
iR F . AT L, BRI AT 6 SRR K P T AR AA LB

1.1 ATEsEEM 7



/\. f{a/ﬁ"?ﬁ«ﬁfﬁ j?‘!-

WA TR

MAALFRTLERLT., T8, AlBF, #E, I, &5 AXlf
BHHFEEEM, FEFE—RZEZ, BARE, T ANILETALGEFRE
ARG

ALFRENER T EEPEEMAITRAR. T AAIFRES
SRS, WEFIFFaR S RE, BLEAMAMERET TS F@NE
HERERE, FANERAIERGBRAALEROBEEXLE, A T—
ARA LIRS L RS H MR G B R AR s 69 F KPRk,

(9
RIg A\ T8 g

—. RBEF

1. ERALF AL TH, HEAZFREA,

2. R R B MA LA A, RIBIRIEHGE & 0 F 89 T ey &,

—. B FE

1%&Al#%%ﬁ%ﬁﬁ%%ﬁ% TRZEA G F LA,
SATIIFEAS, TRALIFRAE, ABERAFHiLEK, W

ﬁujﬁmo
Z1.1.1 THEShC®RE
16 A TEEE
AILEgNA & FELHIhEE 5 Sk

aﬁﬁﬂﬁﬁﬁﬂ,ﬁ&%%%\%%ﬁﬁﬁﬂﬁ#W%ﬂﬁﬁi%ﬁ*?LJ

AL s3En
LREATIEAE, EAEH, SHEALNEORASLRASLE,
o A AT —A B SR A TR, KA A LR

8 HF1E ALEmEHRE

N ANFEH AT T 1



f,//{u. /ii -{2?29 ﬁi h inzi Jﬁ?!t

1.2
N LR e e PR AIBR

FIBIR rr»

o TRAIFMRMEAZNE, »MALRRAFIHE T BIAZNFESGRE,
® Sl A TAFTAEMY R EILK, T MR Bl EA A7 AR AT B AR EE

I -

HHERER %

WM EINFETERNTEFRS. ARBEERGEREOFMIR, &
ARTFTRAFABRGAHT K, R FE0B L haigk, HhEE0
XKEWEAARKIATEEZNASL. APANEXERNRALLSE LW
WAl THABZLEIEMAL, AT MrxmE M, MRS %
(B121) pigmA, CHRRBERERAEZHR, APALmT. Aridk
B W EAT A Al KiLE, A TRARAT R TFE, FRHLEFLA P,
vAih A P A AN S K o

EsmErReesNys | SM-EMEmes |

Lib 2 LF- k] R ]
_. ‘.L‘ . +
IWKEE2E

i

. I

mlm Aﬁkﬁﬁﬂ?

EWERFIEEEZT F—ABNHRE, ANEREEFGH & HE K,
REREZFXNEE—N(R) R, NHTBHEANLEFTRARLEZ
WAL AATEAL, FEHRIBIR IR R4 4RI 7] 5.

L

M8 —REEWAZZETSRINERANE T2 K HEH#EN A
BERHELFEREETHREH, RAOWFEREZNER,

12 ATEgEZRHEMIVR

f{ f'r fl" I j'*f'J Hi ) ]J . { X /i‘ |IJ! Je’j‘ II;'-;F fL Jl



b 3 a8
AAS At 22

1956 4RIk 2 L, 29 - Z K8 (John McCarthy ) $2H T “ AN THFE” —id,
ANTERERPOERT TR RSB N TR RESEIE AN BT T AL, JF
YT R RERY & ek T B ZE A RIAMER (18 1.2.2 24 2006 4F 15555 1 231 50 JA AR 54 1
HEZHE/Y ). WR0ZFNEELES, NTEERN T 20 EAReS, KEL
7R =ABr B

F1.2.2 BEIR, ZRe . W, ERBBIFRRP TR (WAEFH)

m B MHUHZEA R AT 54

MORFEF T 21808 20 22 70 4EACH 0], A T35 B8 A 28 U E M) 2558 . X ANBrBERY
PR R S F PN T .

OHE AV FNTE, &5 728 “Fae” R, i “RBERL”
T REERSE” &5, HAPIRZRIETES KB RAEPRE 0

O - AJE/RABMASE - WEIF A T “ZHEIHIEE” & @A BRI, N7
WL RARGENAF SRR G2 E T 3t

Oy « DARMPIFrRICIR N T — M 28 W 28 5 B —— R AT LA AL

OFFEFW. - SIEfAE A S - SN TR D EA SN E. TR
()% % Z28:——DENDRAL .

O Ly - RGP - BEEGR A HTEETTH A TERAIT R m SRS
LISP 1 PROLOG, H G| AMEFEAMFES (Anmmmxtg, ZEHEEES ) 25U RIE
T

O Ffaie - PARMIM FIT/R - BEVH B eI & T 3T HRN A= R —
MACSYMA .

O IR F A BUE R R SR T U E B L IER Y “ RIS

BT R ZEMAF S MIRER S HERREX B 26, ATHEEARES
¥ LHRZRG . EMAINENS A HERS G T — 20 EERS. R, #a
4 R ) Ko DU i e T BR T 20T R e . i, ok Rl L.

10 F1E ATLE&E#R



AT kw2

O 19694F, 3¢ « BHZEE ( Marvin Minsky ) FIPHEE « A4 ( Seymour Papert ) iR AY
CEOAL: THRILT e ) —F, PRSI EREE, X B S B LS T A
fIK%F, WRNERAN TR GEOU A =& T TIREE.

O 1971—19724F, sy - FE s A 4l - RS NE S iR E 4 ie, it
RZFANREN EAEE “BBIT#E” , BRIETFAifr SHER M A T REZ AN ATA T

O 19734F, JeEFCAZF AW - 38454 /K (James Lighthill ) $2 584 &, X 9€ [ B
TN TR e /B T 28w e G, 95 E S H A FE 5 k2228 11 s iR 1 st A
TR, NTHEBEMERE RGN T “FR7,

BB NERRG R TR

20 42 80 AEARHI IR 4Ry, “HFNIR” B AN TR R AL D2, TR ENTEAN
THERGETFAANLDY “BRAR" . X—KENFSHEEABSHELL AN T ik %
W7, LA RES AR S B Ll A AR A% (1 ] R

X—M BRI T KRR “LRRE”, WETELMEBRAOLCERSE . MELE
40, BWLRRG, WAL RRAGIMAELRRARYS., BAANERENEERSA: H
T AL - PARBEL R TR A M VR AL YL i MY CIN REE, LRI e 22 i) a6 FH A
LRZAZAGEMYCIN ; iR oE BeSE T 00 o3BT & 09 T R R £ K R 5t
PROSPECTOR, 332 i #08f DU it SRR A HE SC B AN TR RER G

TEMCIE], AN TR GEAERERO I i, BFEMZEMYs . giita: 2 5IF7(E B HESE0
BEREUS TR, Xh B e PLas > Sl i) 2 TR R B9E 1A, 19824F, HAREL
R “ERAGTREILRGE TR, RS EEF 2w E 173 T RERFIR 55 B .
XLEERbR A A TR RESUEAD ASE R PR SR A 4

(B2, HTEERGAI RN A HER LS N 7 5 FRAE A2, DL R AE |
TR A8 T AF TR R 2R A ANt i ™ B 29, AN TR RE AR RS N Bt 565
TIRR IR S B

m B DWOREE BITR 24

20 22 90 AR I IR, A TR R T 28 =R IR . 32 45 110 Va8 A
RO FEE AR, T RREE SO 2 HmiCk RS, DURSE. Féifi b3
R R B AR BB —AC TR A ( REUBOIFITACEE . mERETT . REUE. =it®
Kk H AR ) il “BEE” (5 BACEREAR (F U AR AR . BT itk siAR . 4eit
AR P, Bz, AR LML ) Bm i, R Bt E KM E, AT
BB DL, FFRAAE 2012 FF 2R A -

X—BrBe, NTERERREAFREMES M — R I LA EE 2 3 AR R 3L
FHRIAREE L . TREE 27 ) it 22 JLHAEALER 27 2 T3 B84 A T4 g dutsl b r B9 i K
PERE, LS T N TR GEAE AT A U A Tlb s A KT T

12 ATEEZRHEMNIR 11

=0 L 0 B

[ |'- "'r | [- ./\ f 1'1_?’ J\'.I|l i.- I | i’ :l E: "r-‘./'r 'E"'l'.; J [ f - [ 'I.I '." r I {
\/ 1 |_ | \ i —” "J 11 ,| 1 1 ] | . » gl (A Al Fa. T~ ¥ 'i_:'l_l Tt 11
lxxlm P NTF ARy ANEETK M5 T3 18U



AT kw2

O 20124F,  DLBRIu Fl A RS ENEL e R ILSVRCAE bn St F 4, WRIE~ %R
EHBBIE, AARESAIE . EURF R ANLEZESE N T Ree SO I it b, [H]
oL N SR RERIE . ARANICHE., AZiESe, Plarhi® REE. SpffadiE. ™
242 OIS RG0S5 0 N SUs R B 1 & 2L Rl B 7)o

G 20154, Ak, LSt AR SF FE ba(E BEOR 2 "l aARak 240 A i T A eIt
BOFR. ENRERE . FIEEE ., BRARRR EEARIRE T EZRN TE I H]
THCFG R, —HEB N TR REIT &2 Rl T4 B ORI N TR REN FIFCF&
XSO RN TR REES MR CIRTAN, Fenlesla i, =4t rEZRnHEE.

O 20174, AN TR RERRF PRI FI#E (AlphaGo. AlphaGo Zero ) LAZE XLk ik
ANERIBA TR T, R AR 7 1 AR AHT — O T RERY B FH K S T3 1 o st
HHT =

e e
W REEE ] 5 AR
RS 7 47 S 80— RA LA L0 S T A K B A 5 80

@ RTRAFIGNEF I RMPFEHTH, ST TF4EEMALR
ERMEEIRRGREHE, RH@MBAHLESE (Graphics Processing
Unit, GPU) #&J 2 B A T %FTER

W REREFIMEAIRFEELRAG “F1 5", A2 XREERZ K
M7, XA TOBBERET S AMAXG SR, ZREFIHER
TN G AR T LTy, SHTRBBAESHHERLETELETA
I mAFTAAB| L ARIR, LMAERAS., Fik. S L XEIEY
HAR, miX e RegAFL ERA TR AEF 09 A K,

1.22 AILETHERNAZRIIK

BEE N TR REDORAY A, —28e KT REHLAy C 28 v LIRIEIE R HL 52 2 nY ki 1 57
gy, Wl ApBh A T5E BUC M2 iz R, 2t ki, —LeR aetlanf il e A
HOBERPEE Sy, AU AN ZESE UMEREBORAY TAE . X 2o REAL A S AR ml LU U AR 2 N 55 3,
A AREIR BRI Z T A A 357 ) R T RO EZKF- . RS TR AR — A
Il , EFTIRAWIIE . HHT, AN TR RERY A& REIR T 2R BAELL LA

BeEEOR AR

B RERE BRI & N 17 i s AR A AL B AL, 1E N SHL4s Z M Y3 B
RERSIR N 5 ANZE W3S —FEEE . AR, N TR BESORTE HARH S 2% . G -Plixn
CEIRERGTR ) . BETFONMIREGR RS0 ARG 1« R0t ARObifEs) 18 ek

12 F1E ALEmEHSR

Fv—t



AT kw2

HEARBE JE.

KMEHITITE

AR, TR KMBIMTIHHRARERE, =iFRM T, GPUR K
R S 0 A U B TR AR B AR ) iR g o, X B KAUB I AT IR KR T T
N TERERE B AL PERE

KEIE

i 5 B2 o K X i A A R, B R AR 7 A K B, A5 e ) R IIR RS KR
ANTEGER RO T 3ml . REdEM M HE LB BRIl ., Tk, @ik, Rk
Sl A4, oM A TR R BN — P EERE .

i~ EF ]

VR 2 ) 8 N T e PR B B B o 4, TR 2 > il # vy . BRI A 43 )2
L5 R LI g AR AR B S 2. MRl e . AR B Hh G2 () FEAE P2 ORI AL
WITREESE 2], AILAS AT DA R v Bk it B 4=, 48 R8s i 70 A B AR AR A4k
IG5 R T T A S AR % s . B H IR ZI Y DLA

Lk
FREEAN L e TR R R

EERFREEHERNSN B RALFRIFATFEGR N, BAGEE,
MEEE, BilffA X kasAkieT AZI B, KT KK, HFEESf
HEERAB RBALR AT LS A FFF & 69135,

BELSARAFLGERELT —RAABR I E, FF2018%7 A%
REF, MEEEXTHHERARTRELIR, f KRG L HF
WRABEH B IR R, ZF BT E4, fTAGAT ABATIRR, M
AT E R, ARTR@ BTN,

T 2 & ET P KIS A2 B Al 2R ABRER KA TF AL RAZ—, Tkst
BN AT 2B F S, RE2017F10 A, ALMIRT KIRAEE T ALM 1284
50380, 3R B RIABATRT AR Y T 153%, 2 ZRE%a@id Bt Y 4 T 4.6 min,
EIRE, MTABEAHRED NS00k L, AHFEEXDY; ALK,
2 ERAT R EFRHAEMORAAE, PRI To42—F .

R A AT —RALFREFHE S e— B LH., ELXAKAL
WHRETEIFE A%, REAEHERITON ; EMLET F @, €T AR
B3 mm A LN, AAREARFERIT Y, BILHERLS EFIK
Fo BT KIGAE, Bh A B % gmAbaem] .

12 ATEEZRHEMNIR 13

Gillas . A 54T AN 7EL B A A4 FH
PFHy ARZE XX DN 7 1T A



/\. /{a/ﬁ?;‘-‘f%ff& Z‘L

FH KR KET RN ERRILF) 5%, LiEF5RFBARALE2017F5E
FRiZET A RICE P RABHAAEL, FATAZRE P+ %7,

NTEREFFAR— ML . B AN A RIEA R GERkF IR R, g5 H AR
FORAIZ L, BANR SRR T . N TAERERAEA LT =K.

$i—, MENTH IR SR, mERAHE, =Earss, NTHEERNX
JRIR 2l R il NSRRI R AERE Ty 9 DhRE, mTLARIEAL B Z26{E R

B, NEMHLARH TGS T N TR RE R RAIRZ . NZRIRZIE R REHLAs 1Y &
#, el Rk S X4, R L AR I ERI PP . N TR RER R R IR 2 A HY
EHERANRPARIER G A N T RERS, Bl “REHEMANTHEE" SR,

=, HEWMEREEREREANA RS RERELRNPMFIE. KIERIZRIR . A
PLACH. . BRI, HIWEM AR 7 ) S5 A TR BRI AR, ALK LIE)E H BA
HE A EEME RETERI A H ERSL

14 F1E ALTEREHSR

(7 AH AN N 25~ A8 FH . A 457 7B B Ak A4 FH
I){ 1|)| i ,--J Mi sy INELTX J| é /i* ],1;_ /71X ij“ JJ I



/\. /{i%ﬁ%ﬁﬁ j?'!'

( ?) [mE L
THRAILEE
—. W HEH
1. ZERTH, AREAETBALFRGLENZ, FAMNELTHA,
2. TRAMERBA LK RIS LR L, Eir—AF
&, SWMALAMEZH KT RGP a, TR,
=, AAkE
1. ZREHE-FAGLE (H1.23),

A L% &8y
&k

Fl1.23 “ANTHEEMREDLR" B4ESE
2. BB, TR—B300F AL DL, LPEHFANAAGIE .,
3%@&&&%%,%ﬁ%iﬁxwﬁﬁﬁ&ﬂﬁﬁwﬁﬂﬁﬁi%gﬁiJ

&L soEn
1 EXHX - A RIGBIMFOR 0L (AZFR) F, —MRLABEGIMEA
BERIALTBWFG, ATHEEALN LI, Rifs+, RFaR, WEAMR. KA
AALERTHREAFEEERD? ALFRLSBEALTD? KALANEERA A
FIA,
2. AR ARNHET BRI, RANAIFRAZT 2H6? CHLRMNYEFTTRE
LR

1.2 AIEREZBRHEMIRK 15

I N2 I, REFEBAT it H



/\. /{i%ﬁ%ﬁf& j?‘!-

o TMAILAAM T EHTMEFE LB AR,
o TMAIFMAMHEMIMIK, mif ATREGED LR,
o B AIMFNNALTIG, BRIEALRFREMSEMNEFTHH A,

I

HREFIF A LE G

BTV B SR E o AREFTHGHETFEd, MEALRI.
+8iF, ety BEKRA., TR SANAARYE a%%mEMﬁ$%

TR AR, A8 £ E TAF B AR IE

Bldm, BFRMFRARARAT AR EoF8F, ETARAFEHRFTH
SHNBME, BMREFET AR EHBE
KA R G AANZ A 8 3R, BT EEFRAREIZEATAVULR, #FELE
WhRENFRFITUARAIHGRAFLARLS, wB1.3.17%.

LT, ETMFRAMEABE

x

M7

=3

iy = HEiE

HEMESNXE, (FMERR R

| need to write an article.
Can you help me find some
information?

RS

0

b

F13.1 &5

S

SN B A

AEFRETRBEIETFHMERANNA? mREKRT, KpMAR

Fﬂ ﬁ’ﬂ@bﬁﬁpﬁﬁﬂﬁ%fﬂﬁlﬂg

16 F1E ALEmEHR

4\?J”144f;fﬁ

it



AAS hxrh R

131 AIZEHNFEHARZAD
ATERER—TIEEMEER, B, DY AR, HENRE, S
TAEAETFRE, XSSP N TR GRS AU IR 1 & B9 AR A5 7 i o

) BEES
R L P

FAVEFBRFeeHE, AREZRZ LM
(0, AFMMBBEER, “FRELH
%" BRAAFRTHRBA PHESRLF RS
FHE, EEERERAE, B 1320+,

“BREEMF RARRKRILEENR
mIETHETR, ATRAFIHK, @i
SAMGINE TS, EXABERAEEY L L, 132 HRERHIE
LI T A EIF,

e
HEMFSETEHBENRNEML? XFAHERBEFHRALAT
AT e oy ah B R 7

ANTARER FEMRNENE 1.3.1 iR,
2131 NTHEBER ELHTRNE

HRAE ik
S iR A Soif F T R AR 0 — AP EiE | REF A —AY T, & —FH AT R0 R TR
1R T~
SR 6T BB LM . AT AR AT A T 0 L AR AR de S iR 4 AT ik A AP AR S A Y it AR
v EREAGA—FEAFEZENBRARER RS 2Bt IR 245, FEMAELE
o F it EALR 4 %
. AT AV Z W 2 —Fb o R LT K IAY 25 1869 S Mt 745 B AL e S e A A . it
AT A2 ) 24

PFEAFRETEZI AL EZN X R, ABLHE L0 H

it AL TE A A B R AR E B EHEARMATER, Wit A RKS X0 T A
HAAGE | AR, AL 6 AR B AR RAR T TR IR A— 4R, B ALELER T M
#R, LA 8 LEELRBAE S

M= AR s 84 3| BT 1 4330 h — A7 09 P BT 4509 Wi R AR A ISR, A 3hifse

A #hifIE
* St Fm iR g 4E B AL AR ARESE P MG A B AR ke, @it R4t
1 XA At X AR 28 i i AUR SOF A 0 F R AT R AR ML 6 B AR X 6943 Bt AT 4L
IR A
By, R FHRIESATRE | PN, o EEENITE
AREZAE | GRBZAEAEAALSHENZER A RETHTAZGRENEFE Tk

1.3 ALEgEWMRABZTENA 17

(NN NI H, REFAAS 7 e A



/\. /{i-%?ﬁ%ff& f?'!'

R
- ALERERFL| %

AIBRFAFINEZARBDB T L AIMANFE ZREFNF (LFRE
MBERIRSR). ERATAIGREZBEA —IHGEN, TAEFR
R, REMERS, MAXRLE “AFT. ABA” W94k, RARM
B BAFAEE, BRAE BT 90% VA Lég e e Ao B AP R A, A MR T W AEA
FENE “FIABBEERLEEFTHRE ORAEML, AR EAA
& T HHl.

MR AR, s mES A4t SR Bl LBARIT BN A P
HHEM P AR SR E R, mIEXA “ER WIEEMTIHER LML
1% EHEENELHEF, FHEHRMBIH LI FHERKE LR AL
s, X a7 8 BRI ZH—REERMGGESHTE.

R —ANBEFIRAGBETRRAANG]E, AT EAMBLEAR
W AR, kit AL TRAIAF T R Ao A, XAF, SAERR
SN T IR0 & KRR BT RA B

ALFHRAFINFGEREFTTRE O 8IS EAHRE .

1.3.2 ATILEEERIMH

N TR GeAE AR Z 83k Hh i o ARG 1T 28t B 5 9 Bk, $eill @it B i, €%
4., ARETFRE, SACGHRMNFWLES NGHEARBINH, oA T IRATAYAETE .

HEEXRE

BHE R G E T PR ML AR, SEIE SR EE R A ) LR B, S P AT DR R
W, WHEEAARFEIFEDEE, LK, bt P TR EdE, P R A
WRS, AT EMERE, &FiE, flin, ZREBESREHESNEE, Ed AR
PONAHE SOR B AR LB, WA 1.3.3 iR,

18 F1E ALEmEHR

IS N 2 A X AN T U A



AT kw2

J0
Y
£

BB AR TG, (FEKRE. [FEPAIEGIFIAR . 8 i B 285 AR SC M i 45

PEATHGE, XA B TR . b, IPERGRIE, AR E A, WIRE L. SR
R P BN, ARYE L H PES R B AR B A R R E B LT, L
AMEZW T ( Electronic Toll Collection, ETC) Z%E, %545, WK 1.3.4 7%,

HHER] AL ek FHL
P

#1.3.4 EREZCHE
S BE R
B e Bl o AR . A MR T S5 BORXT R AT BEFI Wy, SEILSERT Y
LRI, N TR REH AR BN FH & B A P2 ek sh B, i Eah kB, KA
Wr, SemfaiE, filan, XERAERD, ARKINSE, E 1.3.5 7R,

HHE R 38 T 28
] &b e
H%&M% T
(((((4J_J))) L
mm i T 41 _
FHL. HHL
SR
T INI
FHL% R T %ﬂuﬂknn

K135 FHELP
HEEF R
BB AT ZF RO A IE AR FRAT R AR TS T 3 Bl fERERY SR RUE 0. SER AR R
% ORHEREAE AT, M PRAEE, B P fgdkmlE, B, o] &2 50
PEREAE ST TE], SRR I B AR 0T 20 Hh G BT
= BEVDI

BREVI VA R BRI REOR, @ o D s A s, RS TR A, S BN A

13 AIEEMRATSEA 19



» s
/\. /{&-,/Jz’ﬁ *ﬂ:f& Z‘L

7R o S S B . P € B s 3 PL e A
FERVT s, a] DL A /Y AR B N Y
(i, R ELHREE, EliER A A
LRk, X RITaE, MK 1.3.6 T
No XA T 97811, 8T T Wik
BE, R8T TAERUE,

A AN TR RIS BRI H i K, A
T8 e i N FH S 72 AW Y K. AT DA AR,
AR NTHEEE™ 5, BSRALEEDN “AH7 . NS RRE. Bk
PLEs AN . Bieshh, MEEHHE . FReEyY . Fieem . Fe T mE sl E, ANTH
BEIEAEA A P AR B AT TS, N TR BN & R 2h AT 20 T & 4 il Ak

K 1.3.6 2HbLasA

-

R
HRAR
2017 F12 A28, AR aMFEAXE (H1.3.7) AR BEEHEK
ik, IR ZRE, FERAREFBR2A, L PHI7A BF 2843k
B o FA%iEATEN R 25 km, K@ EFiE A 30 km, £REATE A T A 150 km,
40 min BP ] L W,

€ 1.3.7 HHEEARE
FERARKEBETERALKI2kmWIRE, XAHERE., RE, 8=
3b., BT FAMBAALT “UBREXETHR”, B “AABR, KB
K. RAATGF EABFIA
FAREEABRERARAG, feER Bt 245, S47
e B EsbF e, AREATHEBEMR,

20 F1E AITEmEHR

t | f i - 1 i I = " e 4 i T It I R
1 \ [ ‘:I | :[- "{ h f '] L) _., r ;] "I'I‘l I i 1 E 1 . ._'.r.-' /I\ i'_ ) l'_r__ } “1 J __-l'iI- : ‘/'; _j_ ] . | F-11T "l._'? I .: r
[ \ _-"I 1. - | b=yt 1 { B e s A % [ 4 Liti'h ) L1
LA 17N | / L S et ¥ A / ] 9 1w | 4 | I~1 ./ X | /



/\. /{i%ﬁ%ﬁﬁ f?'!'

fg 151 5 SEhtE
FEATLEGE
. RAEH
. BEAEFFPAIFROEAY T, AL BXLEATFELA L2
FREFTLAL, BRIALFRLRMNEETT R T,

2. AT FAL, ERTHBOALFREA Y, EHE—ARIAH
AWM FRFGRER, TRABRE, FASEKGBREZAFTAR,
5ARRFHSF. ik

R A EE

LAARYITFAL, B HLBAIREN I ASfot B A

2. MMBER AL, R 132M7F, FELRRFLSF. ik,

6132 IHMRE

I H & #R

T E A&

R 515 T
AT ERER A
ThEER N Aih =

MRABTREREAR

Rz R#E

oK 0 B A BT 5=

&%ﬁﬁﬁ&ﬁﬁ,#ﬁﬁiﬁxwﬁﬁﬁﬁﬂﬁﬁw%%%ﬁi%ﬁﬁiJ

Y s3En
| EFMETERARARGEF L ALS, STl ARFGE8ES, THREMNEA
WAk E, EF TR ERG—H,
2. M| AALE TS, HRZHICEBE IR T L, Tadism X

1.3 AILEHWRAESEA 21

(VLS NI, REFRNAE 7 A H



AAS K wrR R

4 4k

s =H

. TEARTT AT SHAL X46

B) T

A, RS RE A SHTELE

ALEHEEIEFENE AT 8 1 i
| |
MAEAT 48 — ATERFAT AL G DA AT EH
% R
- ATwiks — ATEGEEE — TFEAR
A T2 6k By | O ATA RN
EAME R4 % % B ALk
| |
L5 & FHHE ke 3 A
2. RFEHTHERENLE TEA,
=35 KA & 45
A T Ae eyt A& OFRTH OTH8 O=2#
AT A6 A ORTH OTH =R
AN LR h A2 OXRTH OT7T® [O=2%
A T RE 69 & B IR OFRTH OTH [OEH
ANLREHeey T 250 N5 ORTHE OT7TH O
A LA 6k 69 M2 JH OFRTH OTH OHEM
22 F1E ATEREHR
(LA NS, KRG 5 i




AAS hxri R

- A LERERIRIEAS 5

BREFNERAANEBN—ES, SRIRREEES D ATERER
HE “BA” ? HeElENERUXFFINA, EMBEERIISF
BRZERI; FERN. EEWDFRINASEEEEES IR
&; BRRaEENAESHAI BRI MEPRRIA. MR, s, a5
BnFeJIRRHELFMERER ; BFCEREENEBHETEN, TED
MBS, SAMNAFLTE, JLAERSMRERLIRERLE -

FINPNOEENBTRIFZ AT EERAR, SENANEERITE
A “NREFEI” . IR FEISAEZEIRE, eREREXE YRR
REXERN, AEZZORNRFES, PROT. DEMREFTIE,
LARAREEMES . IREFIHRUFISHSHIERL

EABRZEIR, FHAVSLL “ERERARNARE” AER, FRIE

TP &??MF%*MAIE%E*:%%H BRALEREEERN
70 HMMFIA LSRR ANERRIE,

IF*)Z/I ?tj' [J'_-Jf ﬁ'l”J



AAL i 2L

FRAFIME: BRI

B wEAR

ATVl “BREARMKE” AZTBMARERABFT, 33N AEE

Py kR, %Al%£ﬁ$%£$ﬁﬁ,%%AL%%ﬁ%%
A AE, ARKRGFIFo A EIT T REG LM,

1. REEFIPEIAE LR RARSE, BREAIFREKGHTHA,

2. AT F AP A B AMRSE G EARK, THRALFRBERKGKE
AR Fadios Fik

3. A TFFME MRS FF, MASEHE— AR TAIFEEKR
WAL T IR R, SRR T R A MA LA R A LAt 42,

ASERIH , T e

O LHFFHAHET A, FHFMI~5A, UHARH LT,

@ NEFIPF MY RAMREALAR, Bt Fhud e AR EFEToE, KT T
1 A TR AR AR

@ /Jaatie, AR R £, SRR B &9 ThhE,

2% 3R A RN IR R 3. T AT H A0
m
FIZEi. LT & BHBLRATH L. |

ERAER D THABRS

ksmmiE, § Bk, TAE DRI, FRA D BRAE TN,
;ﬁﬂﬁ%mw%ﬁ; CFmBaeERE | RRERFAGN  C EHHE, R RRAAERNE |
CRREAE. C Agfeist, L BSRGREM. | N FRBA W ASEAFRRA.
: .‘P."iﬁé .‘P41§ @& P51 fr"é%e & P59 i'PSié
L REAFAAR, SMARLTAAFTRR, RS RFAL
ORI, KBS, TR F T kins e, THAIFERAR

AR R etz S ik

24 FH2E ATEREAERAKRE

(PN N, RERBU S T i H



j/Lfi{ﬁ%ﬁﬁﬂﬁ&;%L

1
HIHR RS L KRG

Flllllllllllllll.h.

E7ST=1 S

o T iR R T KR IIAA TAALF R ERM,

TR R Rk, R A R &Ik, @ Eu3mER A JEME R F k.
TR, BN v, FHRMER N et A BTN T &,

* THERAAAMBEER AL TR,

IETTID

WIRALHE BRI N —8 R MR

M REBHEBARBESTFE, AZFREL—RIARKGIE,
A, EFREEARBEAZAT, KANTHE
EF I LT AP TG HR, P E
AL, ATHF. ARZRMAUBZE
TIRETH ., ALFRERETHERS
AETRRE, RN ATROGRESPH R
FHER L RABEERSOT —F, KB
BF, wB2117., SFAIFRA T,
MR CHITIHRA KN,

Wit R 5L, FREFREBAX
TP PR RBAMBEGLER, &
$ ke AT Pt 5 IR Ak bk gy 200 DLARERHRRUE F o T
IR %o

B,

l. WHhEFINRABR TR AAFEAZRECTREEENT &N &
B 2K FHLA R AR X2 gl 4% B T 7 8 R 2% B9 T B By 7

2. HEYZHAI BT EANFARFHFI? EEAXBEF R
HEZE, XBNARFEESNECRELMFEI AR

1 0 1
01 0 1
10 I 0

{ERTAT 35 TR (0
BRI TR

21 HRRTFELERESZ 25

I N2 I, REFEBAT it H




AT kw2

211 HRRR

N TR REAE & ) = S ) RBUR A, B i R R e, R —ds WG
E WVBAE TR A8 e s, [R)BER A b A48 R S AR 22 v (BR324 5 [l A1) fi
BRI R RS . SRR ARYE ZPh C R PIRESHEN F —2P iy nT Rk, Ak, S{EBIA
TR RERR TR AR R F R, R E B AR LIRS, IR S ATRSIER T
— S RNERIR ., EHEIX—5, TEICRANEE S5HENIR, S 2Rl
ArEE LAY RN o AN TR RS X M A AR “FHAEIR” , WA 2.1.2 7.

Sh R

Status: ML AP A6 R VIRER B it

2,12 ASHLERRS i g5
AR N T e S Ak Al 1) — A, AT e, A R T4 E 3
W, N TREIERERGIME . ALRRE SRR, JFE e THIRAESS, W2 eh
TR A, X FIRAR R BT AIRARES . AFEZER, FRRRITEN
AR B AR R T B AEIRAEA A . I8 SR | o S EZEFIAAFRSE
BN TR REAE () AR i i 2R T 25 288 B SR sUHO I R O %, BIR 921
ALk P BT A AT AR, I FHR— VRS, IXRRRI AR RS =5 83

[ e
5% 132 ¥R R
- MEZ [|ERZ OB
kA

ATHEPMERRZGER, FIN—AHN L0, 0=[9, 9, ", 9.],
TFEqi=0, 1, =, NRAREEZ, TOPHHENMKRESTZH ALK, 3k
133 T — /AN EARAIKR A,

m A

B R Apeg PR —ANREHAE) 5 — A RS 7 XA 4. A
TR, HFEHTF. BHATREEHTE.

W F] AR A R 1)

RETRAREAFTENHARBEELNRTRALENDKREZBEANREZ
BeXFE, TAERAZANAEERET: A TRAEGP MG EREE
. FHES. A TRAEGEAY BARREES.

26 F2E ATIEREAERAKRE

(11 LL \
LA |/

o B
—
f
S —

f

4
SR
Ilr:n._
—
£t
LR o
{
P
 —

&
—
e e



» s
/\. /{Aﬁﬁ *ﬂ:f& f’!-

@ RETE ] A “REZEE" TR/ G R E

BE—AKDAIXIHUETHEPIZRSMMT, FEMT E2FAFLE1~8
XANMF. WERPA—AMRTRAEY, 2HRABGHTTRABHE T4
P, NP AL T AL IKREF—NBARIKRES, KBwfT4# bt
T (PRI SEGHF T ), EEBRTFOHBERAMBRET A BIFRE,

BAZAT 094 KA B ARKE S A wB 213821497+,

2 3 1 2 3

1 8 4 8 4

7 6 5 7 6 5
F2.1.3 #FRRmiERE 2.1.4 HFa9HRIRE

TR F| — NN, BB RELTAHBFKRER? ZIAF
| TREA: “HHBT2, EBHF1---- VORI AR A — AT R R
REFTRG BT X, AANX—FBAFR BIFKES, PAMBKRETF
¥, BTGB HZ XA T—RE, AR KRBT ZXAFET—RE,
XHRAG T4, A BARKRESRI, A RAEBTBIHHBT TH K
WA RKRESAR—ANTE, XA TR G/ IFFRET LT
SR E, ZARARARSERE, B 2.1.5 577 692 N\ 5] H6G k A
ZaE, BYaHENITERFT—ARE,

O
2 3
WAL AR du=4 184
765
L
83 23 23
4 | 8 4 1 8 4
635 765 765
N ~®
83 2873 1 23
14 14 8 4
65 765 T&5
283|128 l[283[|123]|123
714(143[|145|[784(8 4
65|765][76 65|765

2
7
6
wﬁﬁﬁﬁ;&mﬂukﬁﬂiﬁmﬂm»{k%glﬂ?[ d
B AmBRETRETR (LTRRAEA-AREH), AaBE Py
BT ERTRBEIAT TRIAGENKRES, EMKREZIRFLEKXEZ, &

21 HRRTEERERESG

27



/\. /{&-/;E’ﬁ*%f& /f?'!-

HAREZAPHAESTARAGBYARARET, — NS ITRERTH
B A FRANTT VLB AL 19) A P 32 AT ARAFIA B 69 R S, LA EGma 2 —
AN b — M R A TRAN G 4R

BMA—4, BASH - NMNEBEAHMBERESFERRAXELE T
B, iLEAEHEERRYAOGRAZE B, /N4t ib o (] ik 9% b 3R
Bl — Nk BARRASHNEBE

212 BEREER

158 N T GEIRE) R A L FEARI AL Z I A N2, B R A SR8 R
—DRER IR R B MR ER IS, AR A PLAr e B A iR, T —2B B nT AT X
AN AT SRR T o SR A 2 A4 SRR 7 AN [ ) RBOIR 2 ZOR IR S i 72, XA
R HIE R R W RBLESE B RBEAE kI RE k.

BHERUIEREREER, B—AEESERAE, B HEH TR LR R0
M), B E R 5 R BUE M RRMS TR, A% IEEA G iReE. &
WE HIRRE LA E I BRI MR e Rm R

Jo &R RNFNAEBIRR, i F R g 4748 Rt — i B fife ) R8T T 43
WK ER, XEFEEFRNEEGER. MR AEGEEXRT I SR, ATLg/MERTER
FRAK IR B 2%, Sie R ROt xR A2 i i, AR el 45 20 SR, ARG
KAG BB RREE AR R L RA .

W AER AREEESRERBEEBENEER

R AR R kA T4t ut, %0 B S M RRE P T A TR RS,
H R R IRARALERESTERA T FR—FAMET L2 BAFT L
MRz, BRELERNERARZLBA T FRENSTE (REAMEREY
FE) BEATE (KRABAFRENT L) LAY TEARZ, AR ERLE
B — ARt 24 T .

. A REZBRG, M REARET LS, REBGPEANATFH EAH—
ANFRE A B Fe4 (F84RP EA T Ea93hhk, A 354035 & 69 Huhk 7T A
AN S PXAMLEAi40910 ). 23—/ OPENRA TAHAARYT K6y
&, I —/CLOSED # A T AHK LY Rty ¥ &, #¥E CLOSED &4 % .

2. KA E SEAF OPEN £, doRib¥ S52 BArYT &, WAFFH M,

3. 4R OPEN £ A%, N A, B (k& ); TMREPITHIT .

4. BFOPENAFTHHE AT L (LAY En), LEMOPENEA T
i, B BAHANCLOSED &P,
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5. % Rnse BARY &, Wirdff, FBE (R ). suited LRk |
GPEAET Enige Ly 8635456, An=i3] SR 6 —FRI1E,

6. FRFT Ent AT L, R ARNBRT EMELSM(MFRE
Sntga By L), WEASMPHTFT EEAnt 8 S B EZEAGE.

7.3 FALEREZBAGPEXAENDL, RAETESMNT L, XE
— B ntg 4, REASMPH T E (A TRMAEMY L) AN OPEN &
i 2 FELZAEOPENRAA CLOSED R PHIMYN &, HZRAEEREKR
EW EBnehis4t; T TELAECLOSED A FHEHEANMY L, HALEE
ZFHRREEGPREGEHENGERT R84

8. dr S ANFE ML 2T OPEN Rt 4TEHE, # a5 3% .

AL HENE ST (AFOPENRS/TEH ), BaIRET—RE LH,
REB L B —ANRKTRABORKAET L, AF4TFETEMER, wRik
e HE A RO IF XA RTEHS, MRAZIAAEAETEERER
., LT RE—AN B R JCRHES, PR B A X & E, RKEF
BRI EAFRG P (R RERR SRS ENE ),

Jm R AL B KB —FF 3t OPEN Rt /T EH 7 ik, ALARARBRAZHRE
FRY ety B RN AR

RBEXMFZF 2P AN D%k, HRAEN DK, BIAMABHMEHIFE
*F OPEN At 4T &5, E#HHF7 OPEN AT, EE2EHLHF AP 58
TR, #ETRMAARERASEN R, BFTEASTS RTENMEN F
B, FEnEN BEAARCAES (), ALY LSBT F EnDLBAFRY
B0 DR B LG —AMMERRDN, THE, THARARAREZZLTHFEA
WA AR F BT AT RN,

AL JE — PR IR Y J8 A U R AL B S S B e 89 S MU B8 12 B9 AR
& LR gmy, AT S n B 5 A B BR800 8 Ao 2 s R e X hhm). & X
fm)y=gn)+h(n), f(n) 217 58S EN 5 n Z 80— 25 AER AR A SCBRACH I By Sin B 5 H
BT ) — R AR AR Z 00, BT LA f () B A 5 ST AR 277 5 m B9 — SR dne AR AR 194 €
firo RHHIERREL S (n) =g (n)+h (n) B3 RAIR RO A* R, A*RE—Bad BEan k.

L. B LRY 5 SR OPEN &, i2f=h, 42 CLOSED &M% .

2. HE AL ER, HERBIHRT A, A OPENRK A, Hihi i, B,

3. \OPEN it Bl— AR I B /Y H. f{E&/D SUE N EAET S, A CLOSED
=

4. %5 i AT A, WIRIHE#E; HiAZ B s, WY R, 58 EETT &,
5. % TR B R4 8, i g(j)=g(i)+g(i,j), #ijBEATEOPEN % H LR
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fE CLOSED 1, WIHn A %] OPEN ZH; ik, ;76 OPEN £+, WHNINIITR A gE S 2
AT S g (LA, Wi g (B, WIHBH AR IHME, $8EF 8 i ; Wik 1E
CLOSED &+, LK j# [ OPEN 3%

6. 1A fH, FFEIFFE 20,

@) suww . .
PR JE & 3018 2% A BT R A% )\ B85 [R] &
st FNEAG A, ZAEN RS ) =gm)+h(n), ELF, gh) ANEET
ES BN EnSHOBTHE, LRALETH P T EndSIRE; h(n) AT &
nPr A RSP A EALF A BARRENIERZ A, P 5 BArkA4AL, RAH

AL E A9 AT AN
AR B R R E A Fik KBAZD P MG A2 4 B 2.1.6 T+,
[283
e
T D h:ﬁ.g:ﬂ,fﬂ
283 2 ;'_\r' 3 283
164 | 4 164
h=6,g=I1, =7 75 1 0 5h=3,e=1. 4173 hi=G ge] faT
2813 2 ! 3 283
1 | 8 4 @ 1 4
h=4,g=2 f=6|7 6 5 765 h=428=2f=6|7605|h=5.g=2 =7
83 283 5 3 23
214 714 1 8 4 1 8 4
h=d.g=3 7=7|7 6 5| h=5.2=3,f=8B] 55 7 6 5h=3,2=3,/=6 |7 6 5|h=5,2=3,1=8
| 53
8 4
76 5|h=2g=4, =6
H¥r [12 3 1 2 3
8 4 784
h:ﬁ,g:s_f:ﬁ 765 5 h=3.g=5.f=8

#l2.1.6  FIHDR 28R A* BLEGR /G0 ) 25 i) 75 1 i

BRI R A* Hixdg—Fid BT,

1. ¥ S, /e N OPEN & %, HHAEM RIS (S,).

2. R OPEN R A, WAM, BH, TUREPITEIF.,

3. it FLOPEN & P f1& 5 N 693 5. i 3\ CLOSED & % .

4 FIRF EIATABFT L, WwRA, WREH, TOLLE,

5. ¥R Ei, FRGST S, WHHS), REJBEF] 634, A
Af(j)* OPEN 2 #t /7 E#HH 5, AEFTEHLT X R AXKIEA, ¥
© % 24,
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21.3 DHHETHEIE

WRALATIE RS RS T et i, Bl v AL MGE AL b, s HE
VERVREREATRS 1 R el B . MBS P R SR A e %, Heln, ATTREE A R
BN, HoRP R —E SRR, MYhE r R BT 1, wiFER
HINER, H EAYRIKIRPUgRIR T 1o X T aX R B AN PR () R, AR M FH 228 M ) s
IR TT R S MR R 5 il DRk 2R R AE TS AR AR E A AR R MRS
A RERS, Xt 5 2 A D S, DL e St AR R DL it 3 B AT AR TR
FAMER, J& T A MR i .

DIHHTERIEGAUNTS . £75 PAIB) FoRHFFB AR R FERFA KRR, P(AIB) A%
THAA AR T HAB R AR T A AR, FHERUASH B A ROBER.

AR N

_ P(B|A)P(A)
P(A|B) = P(B)
e .
W AR ST T A7 38 P

P, BIRARHREZRTFAAS ALY, BAFIATEAAN
AW O HZ/HT . L RARBEANA, 122RIE T AR EP B AR,
i ENAAKE, RS “kEITTH—TF" &L “RAEFTH—T"7

BRI MRKTFPIXEE—F, kI P—FAHKER, —FHhEL; J
L 96% ALK, 4% AKE, L, REZHMXERE, #ELPZHA
RAELHBERS D,

sEFIXAFM, TR Ntk idk, FHARER STRGA
Ak, FHBREFHROAZKE ., ALFMABILA: FHBHIY
WRT, A FHALNGBEER S ).

A P(A) RESCAZ Lo F, ARIBFI MR, K14l P(A)=50% ; M

ANVRFILA R T et E, N PA)=1-P(A)=50% ; P(B|A) K F &+ k&
ﬁ%ﬁ%ﬁ%(ﬁ&mm#m&ﬁLhﬁﬁw,ﬁ&ﬁﬂﬁﬁﬁ%ﬁﬁ%ﬁx
P(B|A)=50%; B, PBIAVKEZF LR RZ A KL GHE, P(B|A)=4% ;
P(B) & AR KL 695, P(B)=P(B|A)P(A)+P(B|A")P(A")=27%.

A8 Nt X, il H 455 P(A|B)=P(B|A)P(A)/P(B) = 93%,
PP A AR AE K & B, sbASE S agME 24 4 93%,

WA Mot £ 3, RATT AR AR TRITFH L AR LR
AT FH R EGBE, B AHE T, RIEF Kb F P KELH
o] Al REEAF KA R UHART, IAARZ Lo E,
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1. 3 =R NIFATH, IR THAR 0% G2 % =6,

2. AR T FH—AAF FIRA, FIh4 KT ROBERH 10%.

DERAERFBIZRIZ AT, TRIME A THATFRIT.

ALK B FARYE D EFRAEG45 8, AR N ot 752 22 FF 48 3m .

(XFEAE, ARATHEOMEIRP(H | &), 9AXTmP(H | &)
=P(M)P(= | M)/P(=) ;

P(A)RAER FTARGBE, LA DEEDERERT T @GBEE,
A7 10% ;

P(Z|M)ALETAR, LF-LAZNHBE, P(Z | H)=60% ;

P(Z)2TLZZMMME, A30%.

PDEALFRRBFRERAFE T i,

Bx.
LR NEATIEREFHENAT|Z)2Z VR FRFEHAE
WEREELFEE,

2RFEZ =, MBEXRBPAIBH, AfAZERPBIA)?

H Az 1 vt A D e B T oo . FEANA el i 7 f i o AN s 2 T BT iy
i, I HAEE HitsE, (H3br Erl DR SE Dt e 3, A ITE R R 2 503k — 4k [a]
K X R R . X PR RIEC I AR T WA, fE—bsdazZim, XA
ATHEZ T, SRR TERE. LA, ZEXNFYINRA 2GR T, DLk A
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1968 F5 0, £RAEE “RBF" BHEMERZREERKRIR, £
FBEEHBARAFRAZTALR, RERAFLARMEFRAH - 2FX
(John Craven ). #3# - & LI B &5 £k
AT NeH MR, wBETHRT., BiEMEF
WRF IR R, BT Nt e ——
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Why. Howf& &,

F2.1.8 HPYS5&ERZH TR #2.1.9 LRAGIH R EE
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BHFIEFIERALFHFE, HABLEFEZIA,
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‘T XA EERKE A, KRR, R i EIH AR, KFK
HYnz sk SRR b — A SRR AR BT SIS AR, SRR TSN
BEBEI ) 2 fE R, i 2.2.2 FoR . fESEsead ferh, [R5 a] DA T S g R R R0s
RAEW B G Z [ 25 & R R . b pd, “[lH” §UR M R R AR, BhoRaE
SRR BRPIRES, Bk B MR HIE iiay IR A

AT g
gy |

INTE

222 /Niz Bl RE R ]S AR A R 5T S

@ LR iE N i Bl B A% K1 22 ] SE IR B AR
A CRRDEGE SR FERE R EAGIE EBRP, KiFH—4A
KIEF A R 221 FF .
$62.2.1  /NEERYIZ Bl RE B R) 22 AR S5 56 B s

1/s () (.1 (0.2 0.3 0.4 0.5

v/ (m-s ) 0.38 0.63 0.88 1.11 1.38 1.62

T F ZASHAF (Excel 3 WPS ), EABARG) FAT P 25 5| AR 8] 1 Ao
i E Ve, AR P ARKIES, £E& “HBN EH, RBFLP WK
S B, 334wl 223(a) FHatgi s B,
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1.4 1.4 ionaed ?4 e
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AR EBE, TAR—FHHERNEZLEGSAFE, BT %
BB EILE S HRAE—F AL L, FIATARE “SGHW" ARG HLE,
Ak EBEAE “BRAX” fo “BRRFFMA” A, TiHFwE223(b)
e A, APk EANAGXRRAXAy=248x+038, RPIAL T
LA PE ST HEMA AR, BB, REAMS WGBS IE TASE
W oL, Fam BORARST

BENERELERAEARRREAGEHANTERGTELER, #HELREY
FobfEx 6K A X (y=248x+0.38) &, “TUAARIEE Lt n & od @) A X —
A FAL BT 69 3 B K A

(A1) 550k — O T PR ER M AP DL BRI 2 5OC R, IR AR EdR 2D,
Al Loy A—JclEHMZ ool f 08 B ARG M AR Z B i SRR, Al RAor Lot ol
9 (& 2.2.4) FARLRPEE (B 2.2.5), AR A 22 E 2 8] #Y 58 R AR T — KR
B, W FLPERIA RS AR T18 B pR Bl R R & Ss, W TR 2 1m0 m) i

],i' &
& K ¥Y=-17644 Inx + 264.76
9o} ¢ 220 R2=09955
310
80}
300 |
70+
290 [
60 = EBD -
S0 270 |
40 ! | ! » 260 : . : : i
100 150 200 250 X 0 0.2 0.4 0.6 0.8 1.0 X
#12.2.4 2P [A1H o) & A2 1] [#12.2.5 AEZEPE [1H ) s Sk P

(1S3 — 0 TR A A R SR (R AT B0, TIANE FH 1SR s PR 2 a2 B Rl Y
oL WK . AR KRB, IR by R Uk B AE 555508 & H 115 20-#r
HORME, MIHRES W B R R ez Nk /N e S5 0 & T 28 IR

2.2.2 MEIREEXEHN—BRIE

UHFAEAE 7 P ERE) ZNH, AR TPRN FHWATRZ, qnn] DL fu i
WK B ks . R b ESH RN N IREHSE, [PIHFE R — o R i 2.2.6 i,
I A A A ] B — A [ [ O A T U

226 [EIEF0A R — B B

W SR EL AR
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RGNS RIREE, Fife RIS R T RS IS i Z Al Y E R AR

@ KB B {6 B Python $R2 AL S B B

£ B Python 44 #27%& & P 49 sklearn 823 RAIR R AR T Fe A 69 X &,
HVAEAER T A xdl, W yah, ilid matplotlib A3 24 B 31469 A%

from sklearn import linear_model

import matplotllb pyplot as plt

# MR LR TP

plt.rcParams[' font.san5~serif'}=['SimHei']
plt.rcParams| 'axes. unlcnde _minus']= False

# AASAE(XL, Yi), XiABAERT, VIR EEMS
xi=[[6],[8],[9],[10],[12]]
Yi=[£4ﬂ],[56],[69],[??],[96]]

# X EARA
model=1inear_model.LinearRegression() # SEg kA MR
# WG, JF R0 ST D 6942 T S48

y_plot=model. predlct(XJ.) # 18 8 £ B A TR
# 4T1=F1":"7]f§~y7¥vﬂ.‘kxé’1:f: L A
print("y=",model.coef [©], "x+",model.intercept )
print(model.score(Xi, Yi)) # score()i& =M agR-F 7 1L
# 2% EE, FRkEAATHRDIRE
plt scatter(Xi,Yi,color="red",label="sample data",linewidth=2)
# 2R AR
plt.plot(Xi,y plot,color="green",label="regression data",linewidth=2)
plt.ylabel("##4/T")
plt.xlabel("&4£ R~ /3")

plt.legend(loc="1ower right") # /iiﬁLh L H B 4
plt.show() # B ey EI
FEEAR T & E e X &KX

B R Wit T 901
y=[9.45]x+[-17.45] 301
R*=0.996 012 714 7 R 70

3£

ek B A B2277w, P € e0f

L& W BRI RBIE G E S, 50

e AR AMAS RS RE awoie”
6 7 8 9 10 11 12
2 F8 kKR, % 3] sklearn B 3k Y BELR /T
Rk, ¥R GHENRDILTE, AT B SRR
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WATXI o, MAFEVASELT S, RFPE VALY RO TDY AL
Bta LBAEA o gHAR, LA D", TARE Edmey Xt s D 6915 808
FIRF AR X EFOSNHARTRR, LAV ERTRE,
PPAR RSB 5 099 3 W B K, TR 8 A G a AR E DT
X 9 P KA 6915 8:3% 45 Gain(D, a) :

e
Gain(D, a) = Ent(D) — Y2 Ent(D")
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ERA” MA, A, TRARAMGENEREABEEMAR B, F 408
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L. SRR S AL REAS Rt b TR — 2, AT EYRLER
2. HHTRAR T R REA R, AN REARZER 775
2238 1 5E T A R o s S AR AE

E?’ KR T f F Python 48 #8278 & £ il R A
BERFHTRFE, EARBOES, KERFS A/, 7
calTree.py SAF A T £ AR & SR AT 89 25 ), treePlotter.py A T % 4l 2k SR A 84 245
Hy, T &R RAR S KA

# calTree.py
def createDataSet(): # LG /f T8 w43 RAIE SFIE(E R AFIE &

dataSet=[[1,1,1,1,"no lenses"],
1,1,1,2,"50ft"1,
[1,1,2,1,"no lenses"],
[1,1,2,2,"hard" ],
[1,2,1,1,"no lenses"],
[1,2,1,2,"soft"],
[1,2,2,1,"n0o lenses"],
[1,2,2,2,"hard®],
[2,1,1,1,"no lenses"],
[2.9.1,2, "soft*].
[2,1,2,1,"no lenses"],
[2,1,2,2,"hard"],
[2,2,1,1,"n0 lenses"],
12:2,31,2, 507" ],
[2,2,2,1,"no lenses"],
[2,2,2,2,"n0 lenses"],
[3,1,1,1,"no lenses"],
[3,1,1,2,"no lenses"],
[3,1,2,1,"no lenses"],
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[3,1,2,2,"hard”],

[3,2,1,1,"no lenses"],

[3,2,1,2,"soft"],

[3,2,2,1,"no lenses"],

[3,2,2,2,"no lenses"]]
labels=["age","prescript","astigmatic","tearRate"]
# agefXR“F#”, AIMEL: 1 (FFA) ~ 2 (PFA) -~ 3 (FFA)
# prescriptX & “GEARY, F2MMME: 1 (EM) « 2 (EEAM)

# astigmaticKA“RFHA”, A2MMME: 1 (F) -~ 2 ()
# tearRatefX A “MR/BH B, A2Mh: 1 (FR) « 2 (&%)
return dataSet, labels

def calcShannonEnt(dataSet):
numEntries=len(dataSet)
labelCounts={}
for featVec in dataSet:
currentLabel=featVec[-1]
if currentlLabel not in labelCounts.keys():
labelCounts[currentlLabel]=0
labelCounts[currentLabel]+=1
shannonEnt=0.0
# AT HREGE LR
for key in labelCounts:
prob=float(labelCounts[key])/numEntries
shannonEnt-=prob*log(prob,2)
return shannonEnt

BRAEARN B REEMRWB 237w, BYARFESLAERFGHERF
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AASeBurhi 22

U AR
T HENREMETRKHRE

RTATEBGRE, TAARETEZEAAMN, —FHAXTEAR
MRE, IRFTHEBISTMHEAS TR ERERAIRELER, 7,
BERRIEAEAEEG AR ARG TN, FETT
EBEFARY T RREEANRARLLER., AARFORATEENRE
7 % ( Density-Based Spatial Clustering of Applications with Noise, DBSCAN )
A—FrRAGEERE L, B E246 BN FEAHRET XL

o £ 5.
0541 ¥~ foor 0.5 it s
IRE A0y ‘_-* 2
0.04 4 e : 0.0+ F=
5 .. e, 2
-.-‘. ‘- . .ff. '::- . ': 5
-0.5 r T -0.5 e '-:r"
"i.:_ ',;- A “.;. ~ L) ...: .‘ & g .'1 __-‘!
10 - '-::L Al -1.0 '.‘-r-','-":"
0 1 2 3 4 0 1 2 3 4
(a) BTZEMNBE (b) BEFHEBENEE

€12.4.6 - T% B RIRE 25 A9 3R 645 10 1
s—mriteraks an O OOO O O
HEERR BRI HEERITR S A (bo) (de)
BR W & RR EF & (Agglomerative

Nesting, AGNES) A #], € & 4F 4% (@D
Eb W EAEAFE— AR EE, (bedel)

R HETHEMNHmHEF, AIKA <D
RARIRELER, w247 P %, 247 IEFRKARL

2.42 K-BHERBREHEZEZR—RRIE

KA A iR B, K- PI(E RERTAE 0 — it et nl ARG v (%] 2.4.8 B iy 4
AT

€12.4.8 K-¥IHBER LN — BRI~ TR

K-PHERRE LR Tl I PR Z B R, @ HFaim A0y
B N A 7= BVH ( Gross Domestic Product, GDP ) Z[E]AI R, MBI E 0B 2 B EE
MRAMJILIE, IS — DR E I X R
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AAS hxrh R

W SR

FATTAT Aad ek [ 2GR 2 Rl AR U SR T 2016 4R3I A FUHI GDP &5k

HEEZEHE

T AR TR B A 3, AT RLUeX AR
BafEd— eab 3, i r AR BIEE PR EKX
[ [0, 117, H—4kJ5 i Bl Python % #2185 22 il HUS
B, B a3 — s T AN, G H
—ALJE 1 GDP LG, WNE2.4.9 fit7s . T K i 235k
7 N EF GDP BE A T 3R 2.

e =R

ANFETFHREM KA, TR REEARIEA B A 28R, Joit

T LA T 3230 AR
@) sz
f& B Python %

VARR A 2 Fo GDP B A4 4E 4 4],
W69 IR K AT,

import matplotlib.pyplot as plt

import numpy as np
from sklearn.cluster import KMeans

1.0 s
0.8
06 : [ .
0.41 e
0.2 _ﬂf'-
0.0 o
00 02 04 06 08 10

%249 Wi A HIGDP LS F

Frilgk,

BB SOOI B 3R 2R
% B Python 454235 35 55 LK 2%
LAt mikeg s (FPRENKE) A3, ARG RT.

# XA3UIAMTRGA T | YH & B3R T 69GDP 2 — 1L J5 4L 78 i 3L %

X=[0.41823906,0.392136188,0.244646275,0.296741185,1,0.402932005,

-
I
—
--H
mmmmmmmmmmm

.233670728,0.
.173454991,0.
.294824059,0.
.209077593,0.
.081013561,0.
.909578903,0.
.413914541,0.
.220192983,0.
.198271942,0.
-118126232,0.

.066271524,0.

# AL s

X1=np.array(X)
x2=np.array(Y)
XX=np.array(list(zip(x1,x2))).reshape(len(x1),2)

# AK-HER EFE kBB L, 4 LikHKk=3,
# RERE
# KMeans([n_clusters,init,n_init,..]):

cluster=3

204359665,0.
202511435,0.
209580838,0.
056072947,0.
03901951, ©.
689006871,0.
392335797,0.
210762169,0.
197919196, 0.
099036885,0.
042976612,0.

k=KMeans(n_clusters=cluster)

y pred=k.fit predict(XX)
# LHIREEN

#HE A

plt.scatter(x1l,x2,c=y_pred)
plt.show()

182429538,0.
230998733,0.
2038860383,0.
104114932, 0.
033924148, 0.
629121162,0.
363125277,0.
210142431,0.
181419414,0.
098464349, 0.
©30003927,0.

# RE

192377626,0.231636776,
18969964 ,0.272073162,
140492402,0.151575788,
©94798896,0.064130868,
04478287,0]

62390384,0.423196907,
325376797,0.273850333,
207997132,0.204537053,
141604183,0.139625708,
991182437,0.073288607,
929661631,0]

R AL F

% Tsklearntiish  #HigK-MeansiE £ 2
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REMFF GBS A B 2410 77, HEhAHPR—LBHMTAD, Ui
JA—ALEH GDP, TA S, WmRERTFTREAIE, FINEESNL
A THaRELSE, kw, M, REFER, BELEREARFLSANMNA
— &I 69IAFE .

1.0- .
0.8-
0.61
0.4 - o =

0.2 e ST

D.O'f . ‘ . . .
00O 02 04 06 08 1.0
€2.4.10 fi58) Python 2215 5 22 Hl Y B AS 55
R BERG, FAEGE VL, RENEREXERNZTH, BFZREKN
W gt 9 F B —NEEWNEE.

W K- PEFIAR RIS R G, WP R A9 W7 ikZE-FJ5 A (Sum of Squared
Error, SSE) &—FHREMSIFUr RIELTRATEDR, HISKMFITA 5 -5 XN LG 195 Z
o SSERY(E#/)N, ARG, .

EREE

RGBT AR, AT DO ROZ e S5 A RO R BE R, Rl st iy G, &2
BOREX S8 BRI 3R 5 B el LD TR A 26

K- PIEF 2 —Fh i R RRFE, Bk, HBOuW ., (H& Emp)dE Lt
FE , HIHI IR PR R B i X Y SRR G R
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SChtE

IﬂiE

—. ABEH

F LG 3018 Ty 4L T AFHI A T b 8y EATuR ), 12 E FALP 6G B8 7 AR
kA S, BREMAFIP RS —KREZ0 BN ARMAE, doRF AP 8
BHAEAZHRE, RERBIRIERAFE

1L R FIFRA, R—ER L P4 iE, WwBh FPADHRE,
AEANNIBR PEBRRROAESF, FBE—RFEHER .

2. RBEHIIF YR AERIER, ZRAITBAGAFDIRE, BREEH
BhBHE—NIHFXT, TREK,

=. mAKLE

1. EFIREFLEE, BN FTHR L, RIATRENSIE,
KILRE S

2. AR T AT I8 R 6945 4E, LB K241,

%241 MR RFHESETT

FHUR A RIZRE

=7 I Eh
A ABRER | kg, 2RERA)
B H1
Bh2

3. MAX S4FAE PR IR /NAFAE, TSI BHE AR EMT, FAMBE
Fe RELER 11)

1LAFEF, AMETERENIT? ZHKE—RRIEFRITRESN.
2. 4H3F EAUKCER B 0 40, WL KRR B AR 69 251, ZRXRBRES LA,
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s 3
e N2 SR EE - >
SSZZASSSSZZZAR

FIHE »r»

o ifiT KU A, THAINZEMBHIERRE,
o THEMRMNAERLIPEIANZMEEHEARERN AT R,
o MYINRIKEFTT (REANZML ), THFILHOALY R RKEHF S,

ISIRER

2)
LR RBEIE N

Khk, B EAR—ARATHEA ARG M, 5Kk, M
HEHNUR, RN REBEG RN, B FIFHENRRLE, #FF
FANETHRE T AR 7 kR FABBIRR, XHAXTAINZMEHGIR
BEF ., REDALIFRBARALAA LT EZREBAFGAE], WG E, MEE
B, BiRf ek, #REE TATRES I EGBBRIRIE, AAMY
A FFe FERETRA, #lde, BE| R baytither, RERFHTHLI

R, EEIFEREINE, RTUAKRFREAGATRE, wB251 FiF,

| BEDE T @ | EE—F

WEEEEFINAEEEE iR RS R
BH R ¢ 1280X960

E= wERE

Wift : T ( Lotus flower | BENENNT , BEE " IGENNEE. TE8E. &
=09, BEEWEEECENETEN, HTFEETDY  BET | HEERE, EEeEs
A, TN | RSN . REERENA WL B B ¥9E . OEE
o W, ESEEE . BTHE, BERERE  STEMaRa, R
foEemnE | PEREREEE DR, FEesNT  WuNTRTE . BT
EE @V, WM. EERTHETSNTAN, RUSETTRE R E AR
ﬁ *ﬁmm R RTERIRI R SRR, M P,

: EREAER -

IR

E2.5.1 FaRgHE [Py EG IR

B
1 BRRAARELEE PN AR 2, R T BLEAH R LA

AT XBHAR, 2FREAANNEF
2. MNABFRBH W, BFFARZWMT “FHe” T EHEEH R
HgE W a? XEwf “He” iwHELA BRHAATHEEHE?
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2.5.1 ANIHHZM L

LT, AN THE O b R EERANEZ — R T A T2 R 245 1R i
43 NTAHZM4 (Artificial Neural Network, ANN) 20X} A= By 2 M 4% ( Biological
Neural Network, BNN) 1fi 5 /Y, SZ/EYMEMEE G K. AP 2 48 i A 1 45
Y RINRE BN A2 00. MR 8 Har 2 22, HAE ROt 40 i 4% 34 1 K
HIHLAE 5 SRR Horsob, HTF A Si5E s A, wE2520R. BT
Ao BERE, LR E A2 M Ys . AR ZE R 24 140 2424
2T, TERONRE St B v, 4 A 2 AN W b i B 22 o0 i XA B, 500 1Rt
pIke=s I G bRl St R

i

1L OREN
252 AT R AL

AT HEZ M REH R IE

19434, OHFFIRWE - £ K75 (Warren McCulloch ) FIEUE R IR R4 « %
( Walter Pitts ) & 1E 42 tH M-P#f 22 JU 15 A,
M-P i 28 T AR A 242 HE A= 4 28 T R 2354 R
TAEEIA G ok — PR AEe T
AR, Wi 2.5.3 s .

TE &1 2.5.3 Fr s A AU v i 22 oo 4221

e £ 585 11
LTI A

LR Eeb

I—* i 114 .V=Jr‘( iw.x. —3)
i=1

¥ A HAD e 1 I A T onna > M
(X), Xy, 0, X)), IXECE A o AT K253 M-P#hZsocikm

ZJa, e 2B RS LR 0, WoREE B(E, WEooReaRs, Il
o R RRE ST PR TR

Blgn, $Hxf “HER" (A, g AR AT AR, A — A
JZH— R . BRSX ARG A A, BT AR L, Blw=w,=1;
M TCEIA 0 =2, BEIHBLRYTEE PRES 7T LAE SO — B BR PR -
I, x=0

fe)={ o

PR INE 254 R, HIL, 53— PR y=f(1xx +1xx,-2), x,. %,J&TF
E£4510, 1) BEHx=x,=10f, y=1, Et, XMEERETUBBIE—N5] (KE255), B
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L AP PR 5T B, gREH ATy KT, WWEERN R

(=)
|
_jl ?n i ;
254 pRELS (x)BEIER 255 SITHYN T MRS A

#12.5.3 Pz BRI AR O AL, J2 A — RN TR, g A2 Bk o
Tz, WoERZEZ A AERME——ZM oo i = b 20 e iaoo
#A H O RBCE R EYE . BONAL A W 8 E 2 R B S RE T AT RS | B AR
PR, (HEGNPLA W R R PR, FeanJeik i AR Lot ]l

W AR CYE

EF@mAAFY, wREANAETZEG X R TARN—RBHRSGE, WX
BAETAENRXER, THHAELEBRLE, my=k¥P, yHSxAhLHRL

Z, mAEky=xP, yH5xMAELEELZ,
BERFAY, 4R TAREERERR 5EF], D PMAKEFM,
HFNZ P A AR M, B256(a) 2—ANERHEEA, TARA—FALEW
st K e EX T A/E, ME256(b) £A—ANELMS KB, LA

— & W& T T AST R B & 69 8347 R 5

J,-'Jl

)

(a) i aEieErp) (b) L9 %R Brp
256 2ttt S5ARLR 22500 i )
BEl My R = rn, AEPATAR—ANFRstiTRELRE,
7 3E 2514 9 2R W) 54 40 7 % v /g

A THREZE R RIHE R
Z AL (ENZ R N TN ) ERFIPLRY R -, B 735 TRz, #id
A (o) P s S i AR BE T AT A% 5%, 7827 2 i 7 b R e A% 3 = ) SR R iR 22t
frvmfedl, LR a—ZiiEESE. K2.5.7 i BA — 2Rz 2 2 B
P, BRALEE)Z PR B 2 oeAl S BRI A Moo % . XA e Uy sCIHAR O i 1%

N TRz,

62 FH2E ATEREAERAKRE
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WRHLR N T A2 4% ( LUR T FR 22 o 2% sl o
Z MR ) BRI TR, T2 T i
A A% . WOE eRE. W KRB, R 2E R &R L
FARAL RS 56 R T PR AR S

L TIERES S

A () A4 248 15 BN 28 W 25 25— 235 i 1] 5
R R R, B 2.5.7 h b S TCH A K A
Tiy by iy i BRI, A B A5 a4k A%
250, Mo, fERARNIGIESRED, b PZEITHH
HiE R R

Moo =F(HXW +LXW,+i,Xw+i, Xw,+b)

iy, by, B RRRE BB A ; wy, wy, e, w, RN A [R5 A A
b W BT s PRE fFR M BE PRAR

m S PR

UG PRBC 2T | AJELPER R, n] IR TR 48 1) k68 11, e 4%
] DAL AAE S AL R B, Mo AR 2R 8, # ) P0% PREXAT Sigmoid . Tanh F1 ReLU
T, R25.1H0R T AR pREU I R A

26251 H S B R BRI

257 HA—ZE00Z R 22 BRLR A

R & AR Sigmoid Tanh RelLU
] .T_ =X
HERIAR f(x)= Tto™ J(x)= ﬁ J(*) = max(0, x)
fix) =
Lo i fl{,ﬁ

) S (x)4
0.5 [g‘ flx)=x
a0 =5« 5 T R
4;' fm=0 © ¥
0
m 5K KA

15125 PR (Loss Function ) XHRARM BREL ( Cost Function ), FHCITAl b 25 9 245 4 AU )
PONE 5 FLSE A A SRR . W AR R B FE 3 771222 ( Mean Squared Error ) . -
P X2z ( Mean Absolute Error ) FIZZ 3UJH ( Cross Entropy ) 5. A [R] 4465 2K R AGE & 4b
PEAS[R)ZE AU Y ()R, bl And8) 77 152 2635 T AL PRAESE TR0 [R) R, A2 S T it R S [ it
228 I 2R H bR 40 2k R E O H i ME, 18R EAER

W RS e e

11 28 [ 28 4 g — AP AR R P e W) A A, B 22T R RN R AR | AR
JEREHLAY, X BRI B ANV 28, A Bl Zenad A, SRR SR

R ﬁ n:4
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AT kw2

Wrikfr iRt e . HESEMA AN MAER Z 2y, R 25 R L% IE 20 5 2 iR 22
ZIZ LKA Z, 58— ZEE RS, VLSCEii K R BUEE— Lm0 ag Bk, X
A R B R o BPR T (Back Propagation Algorithm ), yrea ] B2 EZY TIEZS 53 g I 52

SR .
m (L RR SR T \ |
HRALSE (Optimizer) PR FITRAE 1225 I 1 F6 46 1o 2 rh s *\§?<{

R AT TE A7 1 AR AR S AL A A WO R

e A it i kR R (Batch Gradient Descent, BGD ). Pifi 0 i

USRS R P& (Stochastic Gradient Descent, SGD ). shfifbik #1258 ks Rk s
( Momentum ) Fl Adam IEALIESE . ZERTAAIOLIE i, #6E TFE ( Gradient Descend ) SZ&#%.Cr.
TR/ R, BRI RN RBHERA VI RER ;. E28RErh, B — ),
AMUBA RN, EBAT N, GER0O TR REIEES, Jufbas o/ vl AR AR Hs
ATV, THRAEDT ) 35 sR B FREERRE, SR — SRR R R R/ IME

B, NE 258 s, TR SAb AR s & BTy ME I & .

%57 % (Leam Rate) RAEAAME T Heagid a2 b A Fah AR T4
Bt — AN ERAH, Rt F Tk R T Ak
B 04 3 % B B Mo A Gy i MAL, 25 ) " —

ERAMAEREE S, RAEHE—F b, & “\§§%§//’
NG 2 5] i T DR e 3 VAL B R 49 3

B, AR Gk RN B259% 3
PSOE SR E Y S SR 1259 RIS A T e

A TE M 4% 5 LI 12

i 22 W 2 B AL O TR AN LA A 2 N ZR AR SRR - RGeS 28 S LA
R, A BN JZE I 5 228 I 2 AR e 0O O A XEREAR K, 3l e 20k T3 T TR Y 4 22 1)
S TIHE SR I I

Keras j&— >3 T Python 4 F2i#5 =5 4 5 AT IR 2 I 468 4, ] LDk S5 B4 475 i 42 0
AR A . i ISk, PEAS RTINS T T E i B RY Keras I 58 61k 4 25
IRE A2 R 2 NS . PP A S 72

W E R AR S AL B

FA A T iR E S, PRI OAEY s, E AR AR, T
A SARARSF . TERAG B ZAHT, PR T L EFEA RSRS8O, IR

64 FH2E ATIEREARAKRE
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e B R o O T SR BAT S HRA SR Z BRI R, Ak T 2004
PR IR ) SRS G S A B B L ST, X SEBICHE 1 R AR DR AT AR
Advertising.csv 3XFHY, ANE 2.5.10 iz .

SIN| TV radio newspaper sales
1 230.1 37.8 69.2 221
2 44.5 39.3 45.1 104
3 17.2 459 69.3 9.3
4 1515 41.3 585 18.5
5 180.8 10.8 58.4 12.9
6 8.7 48.9 i .2
7 57.5 32.8 235 118
8 120.2 19.6 116 13.2
9 8.6 i 1 4.8

2510 AFEF=SESTERAETHTSHRARESHES (JRHE)

R T ALK, T AE Python 4R 215 5 H 5 | FH pandas B8, I8 SO A AR 12 B
ok

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

Hod 2R/ 25 5 data f2—Ff pandas E XY DataFrame 20484540, n] L #E data.head( ) PR
AT e 1Y S AT RUE -

Unnamed: S/N TV radio newspaper sales
3 333 3.8 69.2 22.1
2 44.5 39.3 45.1 10.4
3 17.2 45.9 69.3 9.3
4 3151.% 4).3 8.5 18.5
5 180.8 10.8 58.4 12.9

data ¥4 SAEA 55, 5B 1 9 RARBARR TS, BASN%: 5625055 4573 53R R 1E
AL, Tk, R BRSSO, S AR N A A, W B, R
A—E R EHN, 7, TERBUNMWALSEE x, DRSS (58 )y .

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

B x 5y BT AR 43 53 2 (200, 3) #1200, 1), Bl x B4 20047, 3%, yE A 20017, |
51, ATLLEI x5y TR — e AR Y .

m RIS S PR

X B s i AL B SE S, FFIRTE i A 28R Y, B 55| A Keras FE, i TR
filfi, &) LI E %5 A Keras ! E{J layers §fil :

from tensorflow import keras
from keras import layers

Keras SCRFHENT P SRR S pRBGAUBERY . — 0L B, fS7— AN BT RpAT, U6

25 WEMHKSREFI 65
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ek

model=keras.models.Sequential()

4, XEIRIRN I 48 2 . Keras CFFR Z BRI 282, X BT add J7
N2 M A ML )Z (Dense )2 ) :

model.add(layers.Dense(units=32,input dim=3,activation="relu'))
model.add(layers.Dense(units=1))

o — 28 1 input_dim Z 8048 & e ABHE A 4EE R 3, units =32 "R IX A =4
AR RPN 320zt (MEcBuEn] HE X, Mgz, BAAYHE e )k
58 ), Jfi i ReLU S REGHATECE ; SR 2 HFER, S A ZCR4E B B ar— 2 1%
IAERE, RIS PR 2848 e S A B IV 4E RS, Hilidg E Moo aiinl . 75 Bl s,
S— 21 324 Mok AR SRR R LMo, R 1R
S R Y ) T 4%

FRANEESENS , W BT R E T 403, [RIRE 48 2 VIR 78 i o 22 i DL Ak LA B4t 2k
AT

model.compile(optimizer="adam',loss="mse")
7 Keras JIE Y compile 773, 0] DLl i optimizer Z807 45 2 ik 8%, Z580EH,
Adam AL s BAAER BRI, loss="mse' F/n i FHE Jrinm 2246 it 2k o4k 58 07k .
RISy
BRI ISR S A PESE R, 35 PR ZEXIEARIE T ISR, LA N AU FH BUA 2000 x
FLy SFAERIEAT 2 000 KNS5, FFHH I8 U B30 S B 45 Bt history 11, JUHP, batch_size
RRBHRZ S ZRBVERATEL, epochs R ZRFEIX -

history=model.fit(x,y,batch_size=200,epochs=2000)

B T)E, 65 SITE AR A2 -

Epoch  1/2000
200200 [===================]- 1s 6ms/step - loss: 2849.5693
Epoch 2/2000
200/200 [::::::::::::::::::: I - 0s 31us/step - loss: 2692.2920
Epoch 3/2000
2001200 [===================] - 0s 30us/step - loss: 2539.6829
Epoch 4/2000
200/200 [=================== I - 0= 1Bus/step - loss; 23910819
Epoch 52000

2000200 [===================]- 08 42us/step - loss: 2249.1899

Epoch 1996 / 2000

2001200 [mmomemamee e [0y T80 fstep = Joss: 03596
Epoch 1997 / 2000
2001200 [====s==s============]1-08 33g/sep - kise 03596
Epoch 1998 [ 2000
200/200 [===================] - 05 16us/step - loss: 0.3595
Epoch 1999/ 2000
200/ 200 [===================] - 0s 16us/step - loss: 0.3595
Epoch 2000 / 2000
200/200 [==========c=========] - 05 2lug/step - loss: 0.3595

ATLE H, TR Y loss (HARH K, BEFE VIZRUCEIABTIE N, loss HY(EZ H ik
/INo history HC s AU S BRSO AT LAE i 22 P SR B Ok

66 F2E ATEREARAKRE
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import matplotlib.pyplot as plt
plt.plot(range(2000),history.history['loss'])

2wl R EFRME 2511 R, WEFALULE 250

, MR 100485, lossHEZAEH /D T, 20001
EFE%M% B, loss{Hit—4 FRERIER 515
N X RTFRBEARNEL 2B, DRI SaE £
JUE Mg EELm8 1 enmnfife, Wik
A DL s /DI 248K, LAGA R ZRATTE] 1 0250 500 750 1000 12501500 1750 2000

FUll i oss (S P47 — BRI PISFRCR A 2.5.11 -iJr[%ﬂk;?ﬁ-ﬁiq{ﬁﬂ{Jﬁ{t
g FRAR . Oy 1 LAY O G b T X R R RS B9 T, a] DAE B A A BHE S FS = A EdE
%, RN gREE . B AR A A

ZREE TR M il 2k, I 2Rt b A9RE nT VR #2828 A B0 SR A T 2 B0R B 11
Wt , BT EURAEREE EIHR RO H

kWS SMamManilgad i, HESIIZGEAR, FIEENBTEAS SHE
P28 R SRR R, BT A ERIA TR

MREAZ SR Re, (HAT DL TRt 28 R 2 A R i Jm ) I 2R 2R 2 15 R
b, KT AR E IR

LA b1 Y 200 H &8s 9 1, nT LASSRE SR U BEDLTTEL, AR5 BUET 160 ZHAE )11 2k
R, ZIAH 20400 RAESE A, 5em Y 20 oA B -

data=data.sample(frac=1).reset_index(drop=True)  #i7EL43E 895/ 005
x=data.iloc[:,1:-1]

y=data.iloc[:,-1]

x_train,y train=x[:160],y[:160]

X_val,y val=x[160:180],y[160:180]

x_test,y test=x[180:],y[180:]

iR AN 2R 2500 -

history=model.fit(x_train,y train,batch_size=160,epochs=500,
validation _data=(x_val,y val))

e 22N Grad B AU ZREE loss (H LA SBRIESE loss (HAY 2L EMER , anf& 2.5.12 7R .

plt.plot(range(500),history.history['loss'])
plt.plot(range(500),history.history['val_loss'])
print("test_loss:",model.evaluate(x_ test,y test))

50 4
% 304
;
< 20
10
{}- T T T T T T
0 100 200 300 400 500
UIEERVE

2512 2ot dloiE s Nt B o loss (H Y22 1k
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FTER S A2 loss (LN -

test_loss: 2.198000431060791

1 2.5.12 52 23t B e il Grad R R, Hrh s A i R R R VI ZREE I loss (HAY AR
fb, BEMLRREUEE loss (A2, MEIHRTLUZEE: B, BRI Zrad 72
tr, YIZREE loss (ELNTN R FER— PR/ DAME, FonBilsiaty, A RMa; ik, &
BT IR loss (H 5 U2k loss (HA —E 2200, A=, Wz R EA
e e, ZBAESIESE FARIARINBSS

IR — 2 2SR S, (B ] DA R B B A il 1, fEase e
W13 2.5.2 Py = A o o) 5 7

%252 B MRS ERA TSR =R

TV

radio

newspaper

100

()

()

50

100

()

()

()

150

A] L) i 1of pandas £ H 1%) DataFrame J7 7544 1 x_input, 312 I R predict 77 3617
o -

X_input=pd.DataFrame({'TV':[100,50, @], 'radio': [50,100,0],
"'newspaper':[0,0,150]})
model.predict(x_input)

PO 25 5
array([[10.005433],[16.689125],[26.042202]],dtype=float32)
FiR 22 2.5.2 v =Rl I A A A TR 43 ) 10.005 433 . 16.689 125, 26.042 202,

LS
RileSidile
Kb dam TR LA ERBRENAHAZY | IESICR EH S
BB, FEARRLEAZOERBINGE TR, i B lh T &K
XY, BARE, SHAEALE “FX7 MM,
AR 2 I G E DA, AR T WA P RE, 1213
BE AT HHE TN ) R R, TOATEARA 3 A ilad “Rim Y 7 X3
3, Rty AT RIS, LA 8 T AR B A, AR
A ZACRE I R,
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E}) T EE )
FRAIRISHEIEERESEE T RER

IRIS# & & XA BRI EBIEE ., BEEFOLEI0FFRSELN T
FRE. RFRE. LMK LA T LRAE, FFARIE X v A g Mo X
BRI AHZFK, PLEE (Setosa)., T &FE (Versicolor) fe2iF 1
# R, (Virginica ), %wB 251377,

S/N| Sepal.Length | Sepal.Width | Petal.Length | Petal.Width | Species

1 5. 3.5 1.4 0.2 [setosa

2 4.9 3 1.4 0.2 |setosa

3 4.7 3.2 1.3 0.2 |setosa

4 4.6 3.1 1.5 0.2 |setosa
51 7 3.2 4.7 1.4 |versicolor
52 6.4 3.2 4.5 1.5 | versicolor
53 6.9 31 4.9 1.5 |versicolor
54 9.5 2.3 4 1.3 |versicolor
146 6.7 3 52 2.3 |virginica
147 6.3 2.5 5 1.9 |virginica
148 6.5 3 5.2 2 |virginica
149 6.2 3.4 5.4 2.3 |virginica
150 59 3 5.1 1.8 |virginica

12,513  IRISBHRE T A% (SR )
BRAC,F B T Aleg 0 KR4, FEEIBERITRLREN, |
KEBIT R ERIFE “Species” BATIRMLRALIL, PTiBARAS AL ( One-Hot ),
SR 0F 1 MR BB R ET—AERL, BREEYSET, WAPHBRO0, 1, 2
RTAREG TR e, Mm% A, 0, 0] & Fsetosa, [0, 1, 0] & &
versicolor, [0, 0, 1] &7 virginica, 572 A4, Tk % i %, T 74 2 K
BIEHBAARDELRIBEEREBARBEMARDENL, 2R ARA
ik kT BRI AY, AWERNEB LA RIIAA 2R T BALE R T 5S

P2 e £IEIAR K, W51 R TSt ZIEE]

A& pandas B, 7T VAR A get_dummies 77 ik 75 18 Hode S0 Jk 45 AL AL .

import pandas as pd
data=pd.read csv('./iris.csv')
data=pd.get_dummies(data,columns=['Species']) #*“Species™it 471k k 4 o

MG, #t—F #2132 A B x_data 5 AR5 4% y_data:

Xx_data=data[[ 'Sepal.Length', 'Sepal.Width', 'Petal.Length','Petal.Width']]
y data=data.iloc[:,-3:]

AN R A, iE BT S 6 SeaR, AR IRIS #3845 — AT R T
BRI, R0 ERMEARA
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Ah
P BEAZH — KRS 54 R

ZokEMARRLMEBA A7 X T H—REM, EAEREL
P, —REEE R AN~ 1A R AT AT R, e dl i —3 e T
WA TR BRI, X R A5 R, AR LRGN EEART
FERD T oR AT IR R AR, A= S RN Z MR P, —%
ERJG—ERE -/ 24, it Sigmoid BB ATHE, mME RS
KA LR XM, 1 Keras 1 R T 4& ) Python % 4215 & s AL A 3t 47 45 i 0T,
+ i@ i loss='binary_crossentropy' 5 £ iZ 47 kA& - 7 i% .

Yo ERPMA RPN T R, Yo ERKT20, HAEZ 5K
M, Winle Lo A%, AREFREF, AZ S0 EFM, S5 LR
BEERNEMBERIG— BN ZANBOREA S 5 £ B8R, FaARmd
B, IR KERA LK, HAPENBAATEETRR LS
LT e, % 9 K P M — A% il i Softmax FHH E, Ak AR A KA
R M. FE Keras AE R F 4% 8 Python %4235 = sHAE A i 47 43 % 0, Tidit
loss="category_crossentropy' 4% € i% 3 % 4 3L 7 % .

2.5.2 HBIRMWMEZEMESIHEIIHEZ M LK

KL MGG e . REAREIER, HTl%S80t 22 BRI
e BEEETH SN, e AL BRI R ) B A ) o AR eh, Bl R Rl R
T A TR I 28 FTAJE 2o 228 ) 2% A figf- R A S [R) L

BB

X HAYIRL SRR W, 0 522 A0 20 X AT b 0 B e SR A A R Rk, X
5% RisBAEREHAL. ZHEL, BEERTIA T ERMEMS T, L
PSR 51 55 ) B

s Brh SRR AR ARSI NS G SR A Z5 R . TE RS BRI, —
FH 4G, B A A A K, S ERaR e TR B, WK 2.5.14 R,

0 T T T

RN AR )

F2.5.14 AR

70 H2E ATHEEAELRE
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ERUR G 2.5.14 7, B AL A B 72 EJ7 B9 9N B S ALK
X NLALE Y OB, ARJESRAN, RRIBA B A L
I -3, B A M S TERVEREDE, B4LK G
B, BB 2RSS SR BERER RHR R,
LN T, BT ERERRBHE TS, T
PR EMR B RE AR, — M7 45 BT 23 % g AR B9 i
#12.5.15 B FUE TR R b2 A2 ZH0HIZE, K 2.5.15 iz,

R 1 B B R R AT R i e i A o AN ] (19 46 B R mT ARSI 59 %]
BRNAFI R FEERAFAE , TS 2N W] 9 RFAE R

LR 25N 2% ( Convolutional Neural Networks, CNN ) S&—Fha A R 258 A28 [ 24 .
H T RS B2 AR R R Ry, R 2T AT ZER i R R T, 2
X R ERAFE AT AL I, AR5 70 S S R R X 2L Jry i i G ROk ER S AL T . TEE R 22
2, ARRIFZICZBIASE CERZ) aTRSEEE, Hitk, (SR M 2% n] LI %0
IR S BRI GRS, T HAEEUROAS . 4aiiRAEL 28 4 B — e e vk

G AWM EA — A HEWFIEZ ML (Pooling ), WHKNFERFES FRAE, ik
A ATE R B R B AR RO T4 T ol Bl b 3t . — oAb 75 kA SR fE AL ( Max
%ﬁ@)ﬁ%ﬂﬁ%%(Mmﬂmmy.%ﬁﬁ%ﬁﬂﬁﬂ@liﬁﬁﬁo

O >,
EUCIR o e

Tl =1 2 x GRS
516/ 7|8 Fooufe | 6] 8
3 | 2 (NG 3| 4
| 2 R

WA

12,516 MK BRI

& B 25 I 25 TR ) RMR A0 A B s i A R R T 2B ik, TEZ2 B,
Tt Ak R A 2 v R R SO/ N, FRIE ORI B, 55 i A 4 3% 45 I 45 52 il Tl
BHE RS, WE2.5.17 iR

i ‘ ‘ e 84
AR LR AL EHE feR BRE
32 % 32 6@28 x 28 6@l4x 14  16@10x10 16@5x5 120

F2.5.17  FI &R 2 R4 HEA TG Y i 72
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VAR, FIATTREPAEE F 507 &, ROVEN ARBE RS . BE A
[, ARME R A GE R R S N BRI TR B, A U 28 R0 4% ] DUAR G b Ak PRX S ) fiE
i Kt FHRFEAETINZR, BRMEMEEal L “wa” HUlF5 305, MNIST 8
RR—NFEEREHEE, HPaFE 1 60 000 5KA R AFE 10~ 9 BF4H A2k 7 LA
J2 10 000 5Kk MR F, BESKRE R 28 x 28 R HYKEEIR] o i LA ACHSHF Il 2R A
IR R 4

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)

{iiH] Python Zi il = AU IR, A B MRAR S IIZRE AR KIE A

import matplotlib.pyplot as plt
plt.imshow(test _i[©])

AL — K R FERET 7, WK 2.5.18 R,

W

5

104

15 ]

20

251

0 5 10 15 20 25
2.5.18 M T5 (kAR
1t Keras J£ H7] L) 3# 15 Conv2D £ MaxPool 758 3 75 i — 4 4 F2 Fild /b AL 2 %) S
AT ERARAL, a8 DA AR N A A 28 X 28 AR I A T G AN

model=keras.models.Sequential()
#h— B EMAB R R, Pp28*28ifd . 1N E
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()) #E&iEiEz a7, &2 =48 K7 8N — 444
model.add(layers.Dense(256,activation="relu'))
#4 T Brakit #1454, Dropout B4 MALE FF—3f 54022 W 44145 4
model.add(layers.Dropout(©.5))
model.add(layers.Dense(10,activation="softmax"')) #/& fl softmax @ 452 % 4 K o] 4d
model.compile(optimizer="adam',loss="sparse categorical crossentropy’,
metrics=['acc']) #ENGiTRPITIPHERE (acc) H

model.fit(x=train_image,y=train_label,batch_size=1000,epochs=5,

validation data=(test _image,test label))

R BN h
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Train on 60000 samples, validate on 10000 samples

Epoch 1/5

60000 160000 [m======u=ecc—usoaeaa | < 278 dmsisiep — loss: 1.41889 - acc:
0.7792 - val-loss: 0.0802 - val-acc: 0.9754

Epoch 2/5

60000/ 60000 [===================] - 230s 4ms/step - loss: 0.1045 - acc:
0.9680 - val-loss: 0.0428 - val-acc: 0.9854

Epoch 3/5

60000 /60000 [==ms=================] - 2245 4ms/step - loss: 0.0671 - acc:
0.9795 - val-loss: 0.0328 - val-acc: 0.9895

Epoch 4/5

60000/ 60000 [==========c=========] - 220s 4ms/step - loss: 0.0492 - acc:
0.9847 - val-loss: 0.0303 - val-acc: 0.9888

Epoch 5/5

60000 /60000 [===================] - 228s 4ms/step - loss: 0.0390 - acc:
0.9882 - val-loss: 0.0263 - val-acc: 0.9919

T B BB LR, T HGRME MG NI4T L RETTR, HitE Rk
W Rty ZR RIS Ta], A ACNZk 75K, AR ERUINA AR i ru R,
R —UE R , BRI L OMERIRIAE] T 98.80%, 7EWHRAL L7531k 99.19%,
QERAL S P A R 22 R 2, FLHERR 3K B 90% A A7 AR MERFGR = 1

train_label Fil test_label /43 S AE i) 25 4E 5 4R vp B ok FH KK B P i B Fin %,
a] Pl i s e A AR R 10 5K 18 AU R IR 4S

In [98]: print(test-label[©:10])
[721041495 9]

PSRRI AR iy 10 5K IR 9N 2, o] LU B B R b 3 75 0 3
iﬂ%ﬂ ll.-H ;IE T o

In [99]: [1,index(max(l)) for 1 in model.predict(test image[©:10]).tolist()]
utieni: I7, 2, 1, 8, &8, 1; &,9, 5, %]

fIRTI1E 22 X 4%

AbFRELBETA] R, RO R S R PP AR 2 3 8 AR B FEanbd 2, BRia] a9 5
Je Y 2352 M AT IXT i A N A9 BRA% . eGSR Mg, B— 2 a0 H AR R T
R, TBAT 78 ST A 50 A B, X545 B 28 I 2% AE A AT B[] et
AEERT, = BAFTRENTI.

TEIAMZE M 2% ( Recurrent Neural Network, RNN ) B—ZR VLG M A, IFERF
I A HE T ] AT R AL B MR R M Z8 S5k . I ER A 22 I 4 b 2 O e S5 R AN Y
AIfAA K, EMZETRARESA K, BARRYR UL 20M 24 T 28 [ 28 230 2Z fir i {5 St
fTictZIF R B S aT A, Ak 2.5.19 R .

0

O Or-1 O Or+1

V W V V I 5

S w ASi-l : r+1
OO Q=7 O
U U U U

X % 6 X, Xt+1

[$12.5.19  {F P25 ) 268 s T[]
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Rt BRI A0 B e 20 I 40 AE DI 5 ok b 2 B o PR R Y Ak AR L, T
e TR 23 TR A2 MK LA ik, K A B IC 2 M 2% ( Long Short-Term
Memory, LSTM ) 5%, KEIICIZM T KPYFF A2 I TS TR S . BRI ARkt
PRIR) A s, K HEAZ N 2% 250 3 A 808 220 M B (E BOINIREN &, TR
Wi A H A H IS S .

IMDb 2 V. Ey38b e T H I W L 52 0B} oA DG HL R TS FINs R 2 8 48, Hidh (g
§5 25 000 M ZRFEAFN 25 000 MIAFEAS . 7EALER A SRIE FPFeRT, T AARIEF IR
F T [E]) R0 A 1] A, PRIk 48 21 FH LSTM AR AU AL B . IMDb 5% P58 8 B 7E T Keras
Hr, G R ARES AT LUINER IMDb B I & 56— RN ZR R N2

from tensorflow import keras

data=keras.datasets.imdb

max_word=10000 #¥iF P i ILaG Lk f 8T

(x_train,y train),(x_test,y test)=data.load_data(num_words=max_word)

print(x_train[@],y_train[@])
IBATEHRANT
[1,14, 22, 16, 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, 284, 5, 150, 4, 172, 112, 167, 2, 336,
385, 39, 4, 172, 4536, 1111, 17, 546, 38, 13, 447, 4, 192, 50, 16, 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, 619, 5, 25, 124, 51, 36, 135, 48, 25, 1415,
33, 6, 22, 12, 215, 28, 77, 52,5, 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, 1029, 13, 104,
88, 4, 381, 15, 297, 98, 32, 2071, 56, 26, 141, 6, 194, 7486, 18, 4, 226, 22, 21, 134,
476, 26, 480, 5, 144, 30, 5535, 18, 51, 36, 28, 224, 92, 25, 104, 4, 226, 65, 16, 38,
1334, 88, 12, 16, 283, 5, 16, 4472, 113, 103, 32, 15, 16, 5345, 19, 178,32 ] 1

FEIMDb A, FH P B9S2 0F N 2595 g 5 i AS [ BE BB S 22, Hih BN EUE Ros —
MREER A, FREENAER 0B E 1R, HhoRammmiFss ( 20 ), 1 X IEmG4E
(HF ). AT HEE WA BREARSEE, °T L DL M TENNZR4E 58 — & H P S5 br
PEENZ .

def get_real_words(index):
word index=data.get word index()
index_word=dict((value,key) for key,value in word _index.items())
#IE A B 0 LB AR T
real words=[index_word.get(index-3,'?') for index in x_train[@]]
return real_words

print(get_real words(9))

EATERUT

['?", 'this' , 'film' , 'was', 'just', 'brilliant’' , 'casting', 'location’ , 'scenery’ ,
'story’ , 'direction’ , 'everyone’s' , 'really’ , 'suited' , 'the' , 'part' , 'they',

'played’ , 'and' , 'you', 'could' , 'just’ , 'imagine' , 'being’', 'there', 'robert' ,'?",
'is', 'an' , 'amazing' , 'actor', 'and', 'now’, 'the', 'same’ , 'being' , 'director’ , ‘7'
‘father' , ‘came’ , ‘from', 'the' , 'same’, 'scottish’, ‘island’ , 'as' , ‘'myself', 'so
", 'loved' , 'the', 'fact', 'there', 'was', 'a’, 'real', 'connection’, 'with'

74 H2E ATHEEAERLRE
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‘great’ |, 'it', 'was', 'just', 'brilliant' , 'so', 'much’, 'that', 'i', 'bought’ , 'the',
film' , 'as', 'soon’, 'as', 'it', 'was', ‘released’, ‘for','?", 'and', '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', 'if' , 'you' , 'ery', 'at', 'a’, 'film',
'it', 'must’ |, 'have', 'been’, 'good’ , 'and' , 'this', 'definitely’ , 'was’, ‘also', '?",
to', 'the', 'two', 'little’, 'boy's’, ‘that', 'played’, 'the','?", 'of' , 'norman’,
‘and’ , 'paul', 'they', 'were', 'just', 'brilliant' , ‘'children’, 'are', 'often’,

'left', 'out', 'of' , 'the','?', 'list', 'i', 'think' , 'because’ , 'the', 'stars',

‘that' , 'play' , 'them', 'all', 'grown’', 'up’, ‘are', 'such’, 'a’, 'big', 'profile’ ,
‘for', 'the', 'whole', 'film', 'but', 'these’, ‘children’ , 'are' , 'amazing’, 'and’,
'should' , 'be', 'praised', for', 'what', 'they', 'have', 'done', 'don't', 'you',
‘think' , 'the' , 'whole' , 'story’, 'was', 'so', 'lovely', 'because’, 'it', 'was',
'true' |, 'and' , 'was' , "someone's’ , 'life' , 'after’ , ‘all', 'that' , 'was', 'shared’',
'‘with' |, 'us', 'all']

TP RPS R EARR, N TESmARI ML Mg R rh gt Ab B,
TXT A TFS AT E AR, W FACASSEEE T B 2R A 42 PR ERAL FE A 512> Hin]
KEE, R KERTS512, WMERZERNNE, RZMHS FAHETKE,

maxlen=512

#39 KEHLA
X_train=keras.preprocessing.sequence.pad_sequences(x_train,maxlen=maxlen)
Xx_test=keras.preprocessing.sequence.pad_sequences(x_test,maxlen=maxlen)

SR LSTMAR B INVR G5 M AR R & 5%, (H Keras #2435 T R B AY IR 7 i, A R AR ]
DIFE A LSTM JZ 28 I 28 A5 I A7 — 4 28 1l

model=keras.models.Sequential()
model.add(layers.Embedding(input_dim=max_word,output_dim=64,

input_length=maxlen)) #iE#AE, AT 88 LK@ &1L
model.add(layers.LSTM(64)) #&mLSTME
model.add(layers.Dense(32,activation="relu'))
model.add(layers.Dropout(@.5)) #3742Dropout/®, #pH)itns
model.add(layers.Dense(1l,activation="sigmoid"'))
model.compile(optimizer="adam',loss="binary crossentropy',metrics=["'acc'])
#0IR20%9)| 4k S AF A i B
model.fit(x_train,y_train,batch_size=256,epochs=20,validation_split=0.2)
model.evaluate(x test,y test)

LSTM g9l 2t 2 b e e te , INZrd 2T

Train on 20000 samples, validate on 5000 samples

Epoch 1/20

20000020000  [Eesmmmss e e i) — 359s 18ms/step - loss: 0.6458 - acc:
0.6579 - val-loss: 0.5014-val-acc:0.7814

Epoch 2/20

200001 20000 [m=mm=mssnmecmm=a=a] - 4TS 1T/ 88D — 1088 09685 —acs:
0.8608 - val-loss: 0.3603-val-acc:0.8386

Epoch 3/20

20000/ 20000 [============—=—===x==] - 3758 19ms/step - loss: 0.2504 - acc:
0.9098 - val-loss: 0.3275-val-acc:0.8658

Epoch 4/20

HI2RI 20000 [ ety ] —ETA: 1:07 - loss: 0.1776 - acc: 0.9436

i XS I 2R AR SR UE R HETR R A 2208, AT DU IIZBRU e — E Yt iU
(RS GIBON ik Se =Bk SN U0y G RS L A BN L K A
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e O -
Y R R —_—_

LRGSR, FRIERTIRABERRFEAEFTL, #ldm, —
a1 000080y L, ik e A G A AN 832 — AN KA 1000 998
Wk FGE, XA R LA G S A 6k . BRI G AL R ik A AR R )
B Z A QG ARIAE, e “get” Fm “got” MME—/NFH, 2F L M, R
AER—HmE; @ “big” Ao “pig” LHE—ANFH, BELTERE,

AN (Word Embedding ) 7T vA s L3k & £ P18, WA 18 & 7 %
FTRAENKA (S46E), Fadit A a6 egRZmEE, X
B 5] F AL BT AGA R R ) a9 AR e Kb X &

fEKeras P, @it e Embedding &, T VA AZLIESEIL A8 &€ .

Oy s
CIFAR-10 #(#& £ 772K

CIFAR-10#EEF G IHE1I0NMEFNWMHBER S, 450 00039 %
BAA10 000K M XE KR, BKRE R A32x32% %, 3AHE@iE
B 25207,

amione it L R 2 » ISR &
wromonile 2 0 T N [
et WS ¥
« HEGHNEEEsP
wer [ PRI O 2 0 I R
v HESHABALE
we 0 [ R S I O O B
e N 9 0 R S T
i ol el PR [ e
ek T s O 1P 2 T S

%12.5.20 CIFAR-108dEEPRIFEAR (/)

B IT VAT F ik 7T vA B ik JE &-4F CIFAR-10 #0348 4%

from tensorflow import keras
cifar=keras.datasets.cifari1@
(train_image,train_label), (test _image,test label)=cifar.load data()

Fa B a4k, AR BARAYE R AP E A% T CIFAR-10 8B E AT 5K
A A9 22 P LA R
2.5.3 REFINREHTA
REE%7 2] (Deep Learning, DL) J{Z N T A T4 GEMF 7 U 75 7 i in, AT
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PDHMEA, ELEMELE . FK . B RSME IR S A VRN, VIS S TP
HE S FFBLIE O BERAR RS, F55000 CPU A MR LS 2 10 26 LA B k1 1 4
SRR 2 AN A, FURTREES 5T IR T A B0 OB HE A2 5, A B A O B
HYA.

g r"'_-"_f1 %
7K ;Iz =

G2 AR IEE A2 M4 ( Deep Neural Networks, DNN ), #§HA £ & 2 A
Mz, T L, SZRBNZZBING . SR 2 G2 M 2% 5500 TR
2. REMZMBAE KENMESE, FHEAERKOEIEHES, H5amL
BEA S

20124F, EGRMS NS EE T BB, SR Mg 2800 B R A8, It
Jq, RATREMZEMEEITEARTERA, WZEET 2. 20164, PPZEMLziAF] 1 207 )2,
I 5 5 B e 20 DX 2% RIS ot 28 ) 28 245 H) ) /S T 2 R, o 2 IR 246 6 TR R 2 B30 R i 2L
A BORBOR YRR G RE T, RIS 2] E 2 0 N TR RE M 9 Sl ine L3 T i
RNBEZ—

m il 2R

— IR 38 I 25 2% B TR B L 25 3B B RT3k 22 0 28 N 2 SR S I 2 [B] G242
— AN FR G 2 ) 4 R )1 S B T REAER LR LM . ik, A BARN R,
a5 | AP SRR A TR AL ZE M) e S BRI iRk . FriE PRI 2Ry, RIS 7EE Y
R gE ENZH LG B, A07E ImageNet BUE4E 4 HIBY VGG16, VGG19%, il
& 2.5.21 AR S VGG 16 48 25 F) R i A

ConvNet Configuration
B C

13 weight | 16 weight
layers layers

input(224 x 224 RGB ima

c%nvS-Ed conv3-64 | conv3-64
LRMN conv3-64 | conv3-64

maxpool

D E

16 weight | 19 weight
layers layers o

A

11 weight
layers

A-LRN

11 weight
layers

e)
conv3-64
conv3-64

conv3—-64

conv3-64 pocdds -y

conv3—-128

conv3-128

conv3-128
conv3-128

conv3-128
conv3-128

conv3—-128
conv3—128

conv3-128
conv3-128

maxpool

conv3-256
conv3-256

conv3-256
conv3-256

conv3-256
conv3—-256

conv3-256
conv3-256

conv1-256

conv3—-256
conv3-256
conv3-256

conv3-256
conv3-256
conv3-256
conv3-256

maxpool

conv3-5
conv3-5

Ay
Ll ]

conv3-512
conv3-512

conv3-512
conv3-512

conv3-512
conv3-512

convl-512

conv3-512
conv3-512

conv3-512

conv3-512
conv3-512
conv3-512
conv3d-512

maxpool

conv3-512
conv3-512

conv3-512
conv3-512

conv3-512
conv3-512

conv3-512
conv3-512

conv1-512

conv3-512
conv3-512
conv3-512

conv3-512
conv3-512
conv3d-512
conv3-512

maxpool

FC-4096

FC-4096

FC-

1000

soft—max

2.5.21

VGG16 M 25454 s 55 1]
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fEH VCG16 #EATHIRIN LR, nl UM#EFZ BN ZZ8018iE, HillZkZa M
2 TR R 2=, IR RIRTINZR S8, IR ZRE

i ZER B
BEHZ W55

A Keras P, i@id summary F ETAE A EMBER A ZRNELEH, 4o

A 2.5.22 Ff =

In [114] : model.summary( )

Layer (type) QOutput Shape

conv2d_9 (Conv2D) (None, 30, 30, 256 )

max_pooling2d_5 (MaxPooling2D) (None, 15, 15, 256 )

conv2d_10 (Conv2D) (None, 13, 13, 128 )

295040

max_pooling2d_6 (MaxPooling2D) (None, 6, 6, 128 )

flatten_5 (Flatten) (None, 4608)

dense_104 (Dense) (None, 256) 1179904
dropout_11 (Dropout) (None, 256)

dense_105 (Dense) (None, 10) 2570

Total params : 1,484,682
Trainable params : 1,484,682
Non-trainable params: 0

P2.5.22 i summary J7i A BRSS9 #P 22 M 25 25

EERBT, MABFEAAZL AN ERE (anvg[))
— A JE KA E (MaxPolling?D ), B #%it—kERfbilE,

=y 3

it Flatten

EA % Bt “BKRT A—fiE, il élﬁi—%&bﬁﬂr)mpautél‘?flhk_
e, REAZBEINIONNEZL TR, ERM, ZHAR E LA 1 484 6824

RER G 4%,

W 5L 2 ) 2%

1o 22 W 1 22 [0 2830 25 By S BI0R 22 I [ A5 i i 7

JZAE

HH AR ETH R (), ol 75 et 2 IR 8 A U AR X WAL

l ReL Ui pR %L

JZBE

2 b 2 I B M P, Forz g
BARINE 2.5.23 FR
T — J2 B0 LA T — AN e PR, H .

i Y S A X 2
Y= F(X)
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MAEFRZE MM Zg T, Sl Y 7ERE FOO A EERE_E SCE I TR AX -
Y=F(X)+X

YR LR S5 AT B, JFR R T ZEBOR P2 M 4% T R PEREIRfL I, RS 30
. W WA ER 25 2 2815 A ResNet50, ResNet101 55

DR JE P28 I 28 1) i e AN 3R . SRS S5 =K . Hopiflg i a9 8ds fm 2y
BB 2 ) L S B A

REHFE

HET, &FOFEAELN R, PRI T IREM M 22 2] 5 AT, AT LMliE %
WAZ S5 RREE T 500k . WESIBR TR 25 R HERZ AN, ETHES
i BT 5 o AN TR e e F% BEORH BT 55 v 0 il s i AR fr, 3% BN
Y v o3 o =l i M dmaes b o IRt i TP M@ MBI Rl 2R 501 &, “#27
BAFENRERM M EIAL, HEFLE R H C I ZREr o2 258, X) 5 i A RO EX
PSR, R, SRS EMENS . SR REEAA s A il H IR
aonl, MAERTUH TN, el DU THER . 2w b — M T8 3 2 v sl i A 3K
ik, BEEBU/N, ERUE R . DIFEIRAPEGRAEXI IR, FEHTHERL,

LN TR RE N 24055 GPU. NPU ( Neural network Processing Unit, #1452 /2% 45 H
#ir ). TPU( Tensor Processing Unit, 5K AL BEZS ). FPGA ( Field Programmable Gate Array,
ﬂ%ﬂ%ﬁﬁﬁﬂ%ﬂ)H%EUWMMMﬁmmEM%MMCMM,?H%ﬁ%%}ﬂ
LW . TEANTEREHIHC, SFE e 2% B G

NG

AHAE A T MM aiHR, —Mad GPU s FPGA S5 1Y IFAT1HR-RE 1 oK 58
M. Hrph, GPUMFFRZHIES . 28R, FENHAEEARZ T o0, YHE
IR R ARG — YRR, GPU IR T HaE AR n] LA R PR s B

B i RS

BiE MZE AR AR, =iRF6 H ek, mAZE#HREM, HErc aeh il f4
NG R AN TR MR TR, BENEREAN TR FEABIRs ., MRS, G
MG =%, it 86 Bl FH T 2 28801 2k, s FH 1) FH A 28 00 244 455 750 4
FER T 25 5

B Zin & A2 P25 i

2 v PR 28 I 28 085 2 O 1 S BARE 7 BRI A i Y, HL A 2 o) 28 A5 7R 1330 fon
IRER R, FERRR. ThRER A T B AL, &5 M HER AR RS ¢ iU
E N TH BT -

S A H A TR GERE - 77—k FIEE T GPU . NPU 5585 i YR A
RIFEBIERS, W WA AL EEH . Khadas VIM3 Fll Jetson Nano %5, #1[& 2.5.24 7R .
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LA N N N NN N NN NENENHSNNSSHSEHSH;N.
LA A E R N R R R R R N R R D

Khadas VIM3 Jetson Nano
2524 % WA A A& 58 E il 4

P AL
R 2] FFIRAE SR
H AT, W89 R 5 3] R 4E 22 A Theano. TensorFlow. Caffe2.
CNTK. PyTorch, &% #f=Keras 3.
Theano: —AMEAR K #va /&9 Python R EF I HELR, HA LL451E

TFA

TensorFlow: 20153 Heg— M A A Hra hREFIIER, WAHAF T
AR R R

Caffe2: —ARAREH M, HAAKFEREFIER, 282 250

CNTK: MRIFEGREFIER, BRETEFTLIE,

PyTorch: & F Torch#— /@ F ey FLIER, Al A AL _E TensorFlow
g AL B

R A AFRAGRAFIER, BATELTRKM,

Keras: EAMFHBEMRAFINIAL, 5HIFEERTRE, Keras
FAE—NREF I A2, B A7 Keras 7T VAM 3 /£ Theano, TensorFlow
B CNTKZ k. £ TensorFlow 2.0 YA J&, Keras & 2 #% 4 s #t T TensorFlow
P, M A TensorFlow 85 — 34
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NG5 E AR AR AN 3.1.6 FrzR , Hh BRI T2 AR SR ORI 70 26 4% .

I —] BRI R ] A i

3.6 AKHIS e s EE

m I IRFFIE

BT IR /RFFE ( Haar-Like Features ) Y5342 ARGAS I A9 28 BB . M /R FEAE SR
THHER RS X IR %) X, A =P IEAEARY . PRI AFIE (RGPS ). =R RRE
FIPUE TR AE, R 3.1.7 . K3.1.7(e) FE3.1.7(F) B8R T AR A9 REs
fiE, 10T I B9 2K DX S ol 7 A AR B 43, e 38 X AR X 5 1949 188 L DX S 7 ) S B

(a) MIEMAHE (b)) AT (c) =IERAHE (d) mAEFHE
(e) ABSHREInG/RAFE (f) ABEB9nG REFE
& 3.1.7 WIRERGE
W 2RAE

{oi PG R R A0 AR, 7 23k D Fic A1 T A7 B9 X, Hrp B Ze Bl R B & A
MR IEREIG SAAZE AU, SRIR BRI HEIERE (E3.1.7 ). Hit, H—iRE1SRK
13RS R R RO B R B R . Rl 2B A L3RG JR AR i B B BE 6% [X 71 A
o DX SR A IR AR AR, I8 BB DX s P e AT A, 453 — 4 A8 X 5 3R A
DI e %, SEANRAGT

OpenCV & — P HITERAEHE . 7 A AL a #0508 55 7 10 Y IR R B, A2 58 2 9h
1, HITIE R AR A RN H, OpenCV &R AT LIAE HEEAR R T HIE ., iZEHRC
MC++ 1IBEEwmYE, FFHAUES 0, ] LIAE Windows, Linux flMac OS X FEAER 40
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FIZ21T. OpenCV E& T Tk =itk . BEpBIRACIE . 4285 . P S, 15k PRE
— 2 AR LA Lo A5 S A R e 500 442 L1 pR %L, Fr RS AR E gk ik, TR
Bl

OpenCV J U5 FR A7 AT DL B 42 3 69 R - ARG %) pRBCEL, (s G R AE 23 e
haarcascade_frontalface_alt.xml F1 22 X & 6 0 A6 335355 pR 4% detectMultiScale( ) B[ a] &) 4%
SRl

SNESTE
F FH OpenCV S A RE 5 il
## ] OpenCV Z 0], B4 EK OpenCV &, EH#AFTHH AN “pip install

opencv-python” .

yed OpenCV 7R B ¥, haarcascade_frontalface_alt.xml 52 A& 6995 /R 45 4E
RS EEHRA, detectMultiScale( ) & % R AWM AN L %69 Fdk, FIT
AR T L

from PIL import Image
import cv2

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 {@} faces!".format(len(faces)))
for(x,y,w,h) in faces:

cv2.rectangle(frame,(x,y),(x+w,y+h),(0,255,0),2)

frame=cv2.imread("0limage.jpg")

detect(frame)

cv2.imshow("face found",frame)

cv2.imwrite('img@l detected.jpg',frame)

cv2.waitKey(9)

Dlib & — M LA B C++ FFIR T HAL, 248 T R ERIPLES > fER b
Bk, MHAER M, TR E, HFEEE P a & L C-RIAT . Dlib A LLFE
Windows, Linux fll Max OS X S E RGP, C 24 20 H Al Mg ARG, 5 an
I ARIZF . Plas AFE PRI

Dlib PEAL GRS 4G I RS X 35k, 38 o] DAFR NG SR AFAE 55, GEIRAG, JEE. &
+-. BEEL RIS BN IR SE . Dlib FE A1 5 68 S AR I HEEARFIE £ A9 AY A shap_predictor_68_
face_landmarks.dat, XEECEFRAE S AT T AR IRS] . R TRHI5E
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éi;ﬁ&ﬁﬁﬁ
F A Dlib SE3 A RS 5 B Ao 1 s A il
B AREEDlb E, EAITPHA “pip install dlib” .
1% Dlib P AR AR Fa AR AN L 4 EAEAR | RIAM X445 42 5
128, FRLRGKALT .

import dlib
import numpy as np
import cv2

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 2D1ib ¥ 684~ A 5 48 4 4E & a4 A
gray=cv2.cvtColor(frame,cv2.COLOR_BGR2GRAY)
#A G L
rects=detector(gray,0)
for i in range(len(rects)):
landmarks=np.matrix([[p.x,p.y] for p in
predictor(frame,rects[i]).parts()])
for idx, point in enumerate(landmarks):
# 68509 L AR
pos=(point[@,@0],point[0,1])
cv2.circle(frame,pos,1,color=(0,255,0))

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

detect(frame)

cv2.imshow("face found",frame)
cv2.imwrite('@1img_landmark detected.jpg',frame)
cv2.waitKey(@)

X 1] 3.1.4 3647 ARG ARG it 25 S an € 3.1.8 T/ .

(a) ARRHHER O s
3.1.8 ARSI LS R

HEEALFHCES . BT Z ET K. B ALFFECOE & Al CFFBOE & 398 AR #E
iRy, HARME g O LA ZSDK CRIFF A TRAE ) 0. LIAE ADFECFE 8
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f5i, i POST ( & P HLFIIR 55 o8 2Z [0 4738 SR W B 19 3% ) 1] APT( B AR P S e 32 11 )
Ak 45 Huht & %38 oK, G & APLCRY, BInlsg s AR, (&1 3.1.9 & BE ALFF X
SEE AL RS P, 28 Tl AT ARG AN, S a] DAITRIAERS . 5], f
TR NN 55

#3.1.9  FEEALFECE 5 09 ARG 7R 26 (58 A i

@ S % RERE

A RAFAESE A JET BAE T B AFdg e sk M, BRseid R T, 122 5F
EAERERE P AR DGEM, RAEGSREFRTHR, BiEfgAS RS
REwr, FEFEAA N A Z B K, OpenCV F1& 7 64 $ R E
1 £& A detectMultiScale( ), H F3 T X A .

detectMultiScale(const Mat & image, double scaleFactor, int minNeighbors, int
flags, Size minSize, Size maxSize)

image 4 M AN\ 89 & B 1% . scaleFactor A B ELE T, TG HE
AR BGAEFH, B 3.1.10 75, scaleFactor &% BAL & 7 # i A B
WAL RIEE, —FA1.1~1.4, WHAMR, Bl ZMAR, 255K
s s AR, A e B, {21 AR . minNeighbors 7 # A& B 47
WY ARARSETS 09 BN ANEL, BRI A 3, Ao RARAEN] B AR64 4B T 64 A20)
T minNeighbors 8918, WA % KR AL, flags1E A 0 BF, 74 A KIS
X%, TNAELM Canny A2 4R ( A 5b—Frie R F ik ) RHEHRILEL S &
# 1% Va9 3dE AR K 3. minSize A2 maxSize 4~ #| A ¥ i £ 49 s b Fe gk K R
+, — AR E X E minSize 914
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&3.1.10 [Efg 4TIk

B LAFRZENE X, REFASHRETRN, WEBTER

= j=E=O8 J
=EWRA

TR 3,13 Frs e, ARl S L A XU, 3 AT ARSI A 5 8 1) S S
ERL T, SRJE R OCHARRIE S 2R 2o RO R A% . AR AT DLsE S 227025 n) i,
BEANRRNG 0 7R, iR, RO, BME. @&2%. 3805, BRI

B30 s TBR “Fat” SMHARR A ARG TE AL, A SR IE R AT
N2k, RHIIZRE R 2R an b Rl R IF I T 2R

kg

o ey . J e ] i —
3 £y ] H . :
1 e 1 R
i 7% R =]
2 8
1% & B
3101 6FhF B Y ARG OCHEENE A3

Keras & H Python g #2155 = %5 ML IR BE 7 2] i, )5 % 2L T TensorFlow, Theano L)
e CNTK ( FHIERE 2] THAL ). Keras $&HE 1R 82—y APL, AT DA & — M0 HH 1% B0 /Y
T, B TIEMTRY . B EERE AR5t . Keras A S EARBULIFR R, S22
MBS E . W RE. ofbas . PIMRALSRmE . S0 ek Z5OR E DAk 5 1k A A 2
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PhST AR, FHENTAT AR I {5 st g 22 R 2846 1Y . Keras A TRUFBOY EVE, BT
WERAEH A Sy, i 20 BEAT RO ER 2 58 (1 28 B PRI 1]

HH] Keras J% 7] AR J7 S 05 A 22 28, AR Keras P SURBERL ( Ak B R IVAAES
Wy, Ak BIMERVZ . WMLEMEERZ, ATREiRmZ Ml A %M
2R DL KR A BRI, AT AR O 2eds, A0S BT SE iR A it .

@) suwy O

Keras & — /> 8 AV 2 W % API, BKiAVA TensorFlow % & # .

B &K TensorFlow, TG A4TPHA “pip install tensorflow” . & 7T
VAl “pip install ——upgrade tensorflow” 44> ¥ #7 TensorFlow #9 i A .

KRG %R Keras, TEMAITFIAN “pip install keras —U ——pre” .

A A Keras %5 B RAP Z M %, HRAE ZH A modejson P ( LA F TR
FERBTTRE ), A F AR BRBIEERTING, 35 % EZHDY
model.h5, KJEME Bz TR EFRF], KB T .

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")

HRNABLA L Fo i &
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")

#FAM) E
def predict_emotion(face_image gray):
re_img=cv2.resize(face_image_gray,(48,48),
interpolation=cv2.INTER_AREA)
image=re _img.reshape(1,1,48,48)
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 1st]
return[angry, fear,happy,sad, surprise,neutral]

#A AR
def classify(frame):

3.1 ITEHNMHRE 95
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A AN

img_gray=cv2.cvtColor(frame,cv2.COLOR_BGR2GRAY)

faces=faceCascade.detectMultiScale(img gray,scaleFactor=1.1,
minNeighbors=5,minSize=(30,30),flags=0)

BAFIAR R R, FARERE

for (x,y,w,h) in faces:
face_image gray=img_gray[y:y+h,x:x+w]
cv2.rectangle(frame, (x,y), (x+w,y+h),(0,255,0),2)
angry, fear,happy, sad, surprise,neutral=predict emotion(face image gray)
1=[angry, fear,happy,sad,surprise,neutral]
max_index=1.index(max(1l))
frame=cv2.putText(frame,expression_labels[max_index], (x,y),

cv2.FONT_HERSHEY_ SIMPLEX,1,(©,0,255),3)

with open("expression classifier.model”,"a") as f:

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

frame=cv2.imread("0limage. jpg")
classify(frame)
cv2.imshow(“frame",frame)
cv2.imwrite("@lemtion-result.jpg",frame)
cv2.waitKey(0)

FERMNAGRME 3. 11207R, ’FRER “happy”, FRiRHEERF R “E%,

3112 F AL R
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1. R —ANALTFRIAFEN BRI 83k, ARAFHEER
64 SDK 4 v 3 4 F) A R &, %E@ﬁ%%¢ﬂﬁ%

2. F 3 E BRI FHAAL G RIBAFK, ARH B PR A B iR,
2R AR A R RAR A

3. mBIARENER, S THEXRD, TREVHEHIKRGIEF,

4, WHRIIFEMBAB EHAIEZPHRE, BRAPFTEF, FALLETH
FILXR,

. %L

1. B AR F S T, 5 RRIEEALE A W IRIA R IAAZ A

2. KA EFHTFERFRE, TRMBIEAEE,

3. AR TR A R A AR

4. MIRAG RETEARM B A DR RAN Ak, EREBRAN RS THEY
W, Blmshdh, WM FERF, wB3113®,

IRBIESR
EFEHEEH -
bk

F3.1.13 A TR GEH O 60085045 5o ) @

At g3Esn

. £A—w@ B, A S EAFDIK, i, A, HTRRLF. FHEMNZ L
AT B Bf R 5 % K B 4r414K 657

2. ABKMBERAMNCLES ZERATEREEF, EABREMNGLRSE, +HIZ 4
{1 %) 3 A 8G F 043 8897

3. RSt AL, 2H 4% 5H, MBI REMKE.
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o W AKEZTHENMARALMNAIT ARG EL.
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o FARAMAEE R E EIA K,

o FIRIEFIRA FoiEF A A M B FIH K,

I

BERELPRE LS

BF B EL P A R R A, S TS AATNFT R, AETH
AL FIZ 8, AFFTRFRM4L ELF, AETMEREEEIAAR
e AR B A HARE B TR S AR IE S, R B AL AR5
RAATRIE

B 321, ATHEAXESHML, T HILMEER HITE T4
Moy mF1E5, FReXRRE5SERRIEAGFT, BFe, AT EREE,
LRI T E AR SR F T, FRLAERA LGS IRA 6

5T
MERIEY AN
-
n ¢
F3.2.1 APLESAEH
B

L ZIHSA N b SR ek AXBAEST (BFHXK)
WE TR, ZR,TET RN ERLAE,

2. MWAGHENZEWRRAERREN A7, ATHRNPLEEK
AT Ay 3 637 5 g A XA o
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3.2.1 BHAREBESOEEN

MA TR ]2#RNEA Z Bk, (LA AMIE S I AR S AR, #E
PHEEZNT—HAS BRI HiR. PRGBS . BB ANIES, BEAAREFL
HIfE S, BWRENLARAE] T EHIEME REKT-,

BARES B

“HRRIER” BAMTHELZREHAMIES, NMIGE., JOERKES, BN BH,
LA B SCFIE A E ARG O R 5 BB Y 80% LU L. AEX TR S MIECAfT 5
XEANTIES, HRIESHE ANISHE SR RAEARWEA, AR XE FH B 80 A R0 5l
AL E BB IS (SRR “9ET") WA AR IS S A S e A, &
PR E SR AL

F AR E S AL EES R TR B RIE S IE Y EE BT AL, BIXESE dA)
A, REREIA . S O, AT, FRARAAE BRA ﬁﬁﬁﬁﬁMTgL¢ExﬁﬁMﬂ
Boti .. Aot RmasoR, 2EuEshmE . SErt OE RS MR, 46 M
&y LA L AT Rk LA RIS ERAS, BRI we B AEKIEF X

TEN T REEL, iﬁmE#WWiMﬁTuﬂ%ﬁﬁM%ﬁﬁﬁf%ﬁHﬁma,
HARPERIbRIEA LT PSR

m )%, HLASRENE A 125 4 A SCAS A )

W AR, PILES A RE ) AR B A SCAS O 5

m RS, HLAFEEFAS[R) AY TR A sk B AR S R A SOAR

m B, PLARREIE—FhiE S R —MiE S .

BARIESAHENARE
[ AR1E = AN ER A by s AT DASE B0 2 & R TF 19504548 B A E R, 238 T 704451 %
&, Had BRAR Eal I =1 0B, WE3.2.2 05,

TR 2 W i

K13.22 FARIEFAERN) R EL
m BB BETHNA H ARE S AbFE
20 tH22 SO4EACE] 704E4L, BIEFKANITTEILR BRE S IR 5 A —1 ik
SR, M THSE RN R E D . AR R SR, IR AE SR, N
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7S R TR Ay B ARTE F AR, il 3.2.3 R, TR Y 7 ik JE A T A5 Y
B SCHRIGERI N, B iR T S2bra) R SGEFE X+ %4k, BS E P CERER
PG, ANTRMES itk S HAATE & MR AR E G IF R PR b . (R,
TR H AR TR AR ES HH AU IR 5 SR AN REIR B N R AYROCR

A
Twﬁ’n%

1:1 N.oF oyt
AR
NTHTE

L

SRR TN AEFRZS R

$13.2.3 ZTRLNAY B 2800 = 0 Hs A

m P E: BT HARTE T A

20 42 704F4R, WL R A K R AL T B A ERE, i L EALTREE ) R
Ft, PR mERARARETOHERE, 215 7TE TS0 AREF T %,
mE 324 . Giitif s BEAENIEN T i S i ol e, FHSCF 9 AR 3Rk
5 512 SCF PR A 15 R B AT 3R ELA 8 )+ R T4 A AR TR = A BB
AT, FIHPLEE TR BRSO R SGE ML, 8BRS 8Y F0 47 vk o B 45 2 .
TSI ETEERE A B BT, (HE R ICHE R PR K. LLEE R8BI, ¥t
T AR TE R, JIORME M, AR A REIA B A A B AR R %

HAABFERA

I| Iz"'-rn

AR F A

K324 FTHTEA KR FLIRER
.= M? BT R 1) AR S AL
4y, HAREE IR RIS SR I REME G kB, E2REIR
%E%ﬁiﬁmmoE?ﬁﬁ%?%ﬁﬁmmiﬁﬁﬁwﬁxmﬁﬁg%WﬁkTﬁﬁﬁ
MEAEGEbL a7 Ok AE], RS i son Bia) | il . BlERNE 1, A5
2R MY, IS, H3hE ) S RRE R HERNE . IR, RMUAEE A
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F3.2.5 FTHEREETHHE KRGS LERER

B A5 S IR RO 55 R B A S

F ARG & AL B R BT SE UE J)iZ o BRI ST 07 BRI TR )RR
BN, VAL, Apka A A ot iR S AR R AR, tAhE 3 K]
SAHE . FRCH M an 2 SEARRSR . MR EEAFEL A #IE . FERR. [FEH
O, 1RO Hr. A HasaRat 285

A AR ARUR ., H RS = ALY I FH 45U o i3 .

SCATT T IR 2GR e R IEMERER R . W aetlavblie . BaeiEE . Hohii
HHYARGE, ARG, ASHBERE., SRS, 5k 5h
WML BR | TR . SORBHRAZ IR 5 R e R LA T B AR = R TR RS T55

EE T AN EEA TR SIS  PlavlE A5G, BREE PR . plasiiok . & hE
AR Bk S5 . B REAR UL S R BT R SR UG . TR IR S A . 2[R B
HUS SOARKAERS

O LEEd:
ANEES SVIHBERE

EE AN AKREE RN, KYTFFA, AR A AR
& ey 7 ik &E fo Rk, FHBMARBARFAG LT EHIES &
Y., GBES, BEAFHANEAL ERM KA, AL L0E 8
B, EEFEMBEBME., BERARELZNALF T AT RAI,

YA - BREAS — AR EM At h 55N X RAA,
WMAEZFLAEL (HAMBEFR) PRBKTIRFZ2ZAIFGR, R
BT HF ey “BAEMKR, “BREARK" GZEEN, AEEST RAEAHN
RAE T A8 TTIRAFARAE

1964—1966 14, £E KR AL T FRMHAHE K - X684 (Joseph
Weizenbaum ) 3%+ T — A& A Eliza 8951 B K15 5 A 3T EFE p, VA
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BB ReFEA, IR BTN EHREX ERAEADN, £5 A i
HLARIT—EREN R, EAREFRALGELS “A” ik —4,
B 3262 Eliza o E A 5 A —BAE,

File Edit Options Buffers Tools Help
CPXOVE» ¥4 UEQRIGZ?
|

Tf I am the psychotherapist. Please, describe your problems. @
$§Each time
you are finished talking, type RET twice.

I have a terrible headache.

Maybe yvou should consult a doctor of medicine, I am a psychi@
§atrist.

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

What are you talking about? No I cannot elaborate. See you 1@
Sater.

Why do you say that?
Now you're just talking nonsense!
What makes you believe now I am just talking nonsense?

You are not making any sense.

Y Perhaps your plans have something to do with this.
=u:** “*doctor* (Doctor Fill)—--Ll--Top-=============== -

X

£13.2.6 Elizat4LLOFEER 4 5 AR %
¥ b, ElizaF REF TG E A €T IL-F3E 2R 3E A
PR, AXREFRFGFT N, E—ANBE ARG EME LR E T EG
BE, ede, BRPHL IREFT B, Elizazbdb: “HAREF, BEBLAARGH
." s, Elizas A “AMHLR" “FiEaMBE—T" XEG5| FHGET,
KAk B2 IE RS 4T &, Eliza i T A B ARG T AL An &) X 69 B3
RELARPHETF. B PH “KREF|IRIEAEL" 6, Elizaddl “HRA
H 2 BB I forEid” , RXAE, Eliza RARAREBA PR AT H A,
fadp Bix s Hos AT E KA TARM B RiE T AT
Eliza s B X BB RZ KR LT, 1k % 5 Eliza it 49 A#R 4813 Eliza
0 3L MR T A T BLEG 5 A RARAN IR R ey B, K E EdefE ey ipiEadfE
AT BHEZE, MAARVAAMIEEIzat it 1, Eliza B FRH —
KERH RIEA (Chatbot) #923K, LAIERTHME DK, FR
Siri. &3 Allo #= I B 33k Alexa %5 4355 80 F 69 Sk A0

3.2.2 HARESAERNA
R RERHAC, W E S AT AN AR AR . B HERY =, anfr ik RE Ry

102 %3& AILEeEQENA
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LA NBEWT 2 UEE? BCZEALar AT “Wrie REL”, EEEFE SRR, X
PR “TEE RGN RIEEEHLA AU AR HSCAR ORI A AR S, IR I
PATINS, X NWIERA" LR ERRE; s EEa T SRR AR
B XARA TR EE R, PN “SHERLE" iR, B2 ER L A RIS
T HIIRE

OREE R4,

“XfE" — B H IR S AP TR, X RGO IERLEE A, SRR
ZRIEN S H P I s R, AL E R —F =0 X RGURERR s e P
fift P T N ZE . IFRESEIMELE TR & . XHE R G n] LUar M T SCFERE FE S S,

Sefli 2L T Python Z B2 1E 5 BYFFIE A AR TE S AL T HANLTK, R5—F 57453
A KR RGN R AR . NLTK FHIRJZE € T — M8 Python Za F2 15 5 #E47 H AR TR = Ab 31
foEmh TR, $24E 73R A ARG 5 A A DB A A LM S I AR T . ST 53T
A FAL S IR HERE T, ASRIHENT, AT 2 B AR TR = A PR R

@ KBS 234 5 NLTK S0 R HLEE A X%
NLTK 93 K LB A @35S E & Eliza, = RT Y F lesha, #-& 8
Rude. 23LF B 124549 Suntsu, VAR ZLih 69 Zen, NLTKAEML T H—A>
Wp R AL A Eliza, REEMATEP 5P B Eliza R 22 CHEAL?

>>> 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)

v B M

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 "quit" 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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ZRGNTK IR BEARIE, BRRENAE RS, FHZATIF L
ZRNLTK (£ A fT#HATH 4 “pip install nltk” ).

2., 18 Eliza X F BHLaw A A0{a] BRAFE FH P i A BY SCASIF 7= Az [ 52 W7 A6 Y
SLERIE B, BRI T LA A AR XS 35 T 5% ChatterBot, 255 & — > SCABIER
Plas Ak—IRIETE .

ChatterBot f&— M4 HAE Python 4 F2 i 5 _F AV T HLAR 7 2 BYMI R XF %5 [ 28, Al DA
FHE A% 35 R 4757 2 JF 7= A= [N - ChatterBot Wi i FH P i ARG R 02 B SE B HI
‘n)-f- R DCECHH 5 P s A sz i94) 1, ZJak@mcAa nl ey i . XA i S
ChatterBot 32 it i B AR X 4 A el (PERCiE iy ) #9454 & R iR . Wik, —4
ChatterBot Hlas AR ZIINZRAT, A BESH PGP 0 FiR . &4 P & A —5)i8
Plas AR Al , RIS ARAF IR R a) o Hlar NICRY Rl 2, BRENS 1915 /Y
REERAE Cin S -R 2T E SN

E?"’ KEEB #£ 1 ChatterBot I XHLEE A

& B Z_ AT SR 58,4 & ChatterBot ( £ 44 4THAT4 “pip install chatterbot” ).,
AABMNRFEMBEA “WE" , FREE—BOTERIEMEA
from chatterbot import ChatBot
# A — IR BA L™ Chelsea
chatbot=ChatBot("Chelsea",trainer="chatterbot.trainers.ListTrainer")
# *H PR 28 )RR AR R A AT 4
chatbot.train([
M H 25 FT ",
"# ™ Chelsea. ",
"HRRAAIF",
", AR EERABFRLT
"AMR A A A R ETAT? ",
"SAELA LA KGR, RR? ",
"R A4 S AL R,
"ahuh, XZLILEEMAT",
1)
#57 P AR AR NG SR AT R B S Hr
while True:
print(chatbot.get_response(input("user:")))

BATRADK T AFMBAIKT . FTEA—EMNERA (userREA P ):
user: {i4¥!

{451

user: #8309

KAEA LA KRGHT ., RRT

n
;)
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user:HZMBEHKRP.

RPBRLELFEAH,

user: rmERGIFo|H4 4 L5

# ™ Chelsea

user:{r %2 K7T?

KT ASR

TR, RANBZEZHHE A Chelsea = THRIFEME LN EFHEFRG,
MBA “i7 2 “BEXnD? 7 B, ECZN%E686 T PRI T RABLY
— & 1E “MMEEFEEAREILNMFT? 7 FEEX G FERIWEGEF ‘KA
A LA KTy, ARR? 7 AR, EARMEGFT X, FREEAKRIE
egEm A, BMBA 7 | “RRERGFFHL2EF? 7 B, RIT
RARL ) — &)1 IR 2 257 7 AmtEdE “FK™ Chelsea,” #9= &,

AR, hefTF feIE S AL A 0 B4 R KA T LR R EH R kA
ED| 409354, ChatterBot 324 7 — 2o ) £ 09 B R4 &, @435, &iE

Fo G I F 12 R R 1EAF ., T @350 2o fT i ChatterBot 49154 L B AL

from chatterbot import ChatBot
chatbot=ChatBot("Chelsea",

trainer="chatterbot.trainers.ChatterBotCorpusTrainer")

#ChatterBot A #r 69154 3B I AL B A
chatbot.train("chatterbot.corpus.chinese")
#3518 PR IR A N SO B 4700 B2 I dar
while True:

print(chatbot.get _response(input(“user:")))

BATR BN X—K, 2ENNEEHHRIBAL LR LEET,
iX 7 B A ChatterBot B W 6912 ¥ 3 R4 M . R EZWRAIMBAR £4F
0 R I, RPN TRBE H ey XAML £ % 69384, T3, &4
RERZTHRMEAL “Fie",

BT ERZIN, BRAHLATRREENEAL “HE” R? 4£ ChatterBot
b, FHERZETLTMBEARNLERAKEINL LD LHTEH, ATH
)= P, A2 B T HmAST 41 B 23 . MathematicalEvaluation J & B 2 — b A
AaG %5 F P M, TimeLogicAdapter | 5 11 Z514) 9] & 7 B [8] 4% 9] 4]

from chatterbot import ChatBot
chatbot=ChatBot(
"Math & Time Bot",

logic_adapters=["chatterbot.logic.MathematicalEvaluation”,

"chatterbot.logic.TimeLogicAdapter"],

input_adapter="chatterbot.input.VariableInputTypeAdapter",

output adapter="chatterbot.output.OutputAdapter"
)

# AT — AN RIRECFE P e A BT (GRERF 5T 20 6 EHE)
response=chatbot.get response("What is 4 + 9?")
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print(response)

# AT —ANIR IR ] 7] A v A Y 15 T
response=chatbot.get response("What time is it?")
print(response)

L B AEXER, THEChatterBotE A H L HERA, FEEEHE
BEiERE,
2. i — S RE MBI RIBAY “ER”?

LR
' B F ChatterBot

ChatterBot FFr ¥ R ML BA > A ANEfRE, THERSE, FHERSE.
MBEREZEABNGEIUAIS . MAERE N RKIRA PG AZR,
FR LA T AR T —F RN EG TR, ERIEFTANIRG B 694
O, RTAEZLIET AN, BHERZFHASHMARITERLE, @
SrE, HHEE, aBBBELFERSOEE, AihEmRZHZHE LN
T AL, mBERELEHE, 5EFASRRSBHED LK,
A “FastiE” T, NABRENENBAG T E, BT 0IN%EFE
H#Ar: —ARBEMAT E R % (e ["4REF", "RFT"], BHR
WHGEE); F—FABLFANEHELRINE, AP TAFACLEELE
iEHE, WA B 2L EHE . ChatterBot 14 8915 2 18 +H & 2 7T vA i@
%k B $AETITNE, ARAERRB 3277,

AR A
(FEHlG . APTRIES FF 4 )

AR ] g i
(FEHl 6 . APLRER & 5% )

% 3.2.7 ChatterBot f)2b 3537 #2 F
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Rt AR A B RO LA sz s A (BN e it s AT )

I ERBEAR AR WA 329 R, hE (RS H ol 2w limA, fudfES mit i
P CFEME oA THBRSSE ) b BEAR T RGN, iR S BB S B A ) TR )
SCFRYER gy, W PR, LRGSR (0P ) &3] AT R, mJalLici
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JATTSE B ME SL7E T O 5 UG AT S T AN W] 9 AR AP AR AE , IR <. IR RIS
NARTER, S

@) s

MHRIEE A
L. WEHFERFETE, THETEGRTH, EPa4 7614 AipSpeech.py

B AR XA

2. T wAAT, ANTHI X E XK.

3. #A4T “pip install chardet” &4, %3 A% &,

4. $AT “pip install baidu—aip” &4, L %ki&E#F A4 python sdk.
(mAEEFRATAFELLER, THhEWS.)

5. #4T “python AipSpeech.py ttestOl_anscii.txt” #4, EBATE R
.

6. I 1E B CB XA (TXTAR ), & RITHFM.
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2. HEWS 55 P AT 3L 5

3. HEWS-5 H AT AR o

#3.5.11 Frs B RERG FEDLas AR DI RERERSE R B . el IR ThRE, B REPLA
AN ERNAGE . 8. AL ZE =R, ARG SR ThRE, 8 s XA
KAEN R REHLAR NN GR & . BAORUE, MR = A0k ARGAGI . AR .
IS BR T AR AR S A SR A ( ERAFE TS S . AP
FERBAE S P ATl A

E13.5.11  FRERSAEPLAS A DhEE R H A8 i m 5 [

Kl 3.5.12 AR RERG FEPLar AR ERRFIFEE], REERERF HH Python %
PRI S, B X 2R Python Bl 1 S AR BT A RHIIR L)
X R S R AT R, S e ARG RO AR B, IR R
WA AT AR RAFVI, 3 8 FH TR S BB 2 T A s A A
AR A G R T B bt TS BB A s KB RO e T e %
HARG, P RE R PEAT S, R TR A R O N T
110/ LY PN L2081 0 4 I iR 57 VA PO S 8-S DAL 221N A

i BGERANT
from chatterbot import ChatBot # AR R AR
from speech import SpeechRecognizer # FA&5 173 Hik #3.5.12 FHREFHTE
from speech import SpeechSynthesizer # -“FAE & ik DIRCINEUE S g e
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import sounddevice # FANETREHE
from face import FaceDetector # FAAN V) AL e
from face import ExpressionClassifier # -FA &if 4 EAik
import cv2 # -FAopencviii

# A5 B A

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

)

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

video capture=cv2.VideoCapture(0)
face_detector=FaceDetector("face_detector.model™)
expression_classifier=ExpressionClassifier("expression_classifier.model")

m e

LA AR N 3.5.13 i, FRIF 1 S X484
SARALHEA TR . AnSRAEAG SRR, Bk IE IR, 45K
FRIY, JFESR PR A FHERR 3505 Sk bl B J 320 4
WAREAG L A R, WS 8 A e B 17 A S
AR U

AR CYNEE R =3/ 1A g
s |

# VAR AT R H AR
while True:
# &AM G
ret, frame=video_capture.read()
if not ret or frame is None:
break
bbox=face detector.detect(frame) # #HEiT AR N
face_image=frame[bbox[©].y:bbox[©].h, bbox[@].x:bbox[0].w]
# BAT RN IRA
expression=expression_classifier.classify(face_image)
# FF— AL IR T — BT ] (EA))
cv2.waitKey(5)

WA

E T B ZE H ChatterBot BERFEAT SRR, P HIE S IR 5 & UG T8
A3 FRFP E SRR TR, RS N SOR, AR TR AR IR R R, 3R
S O AR, TR IV B B O B A g Wi o SCAS 4 oy 5 WA i, S8 AN 38 L

EE B R 3.5.14 R, A CARES SRR

# R EFIR SRR KT
input_audio=sounddevice.rec(int(duration * fs),samplerate=fs,channels=2)

F3.5.13 Mactidad A
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# PMET AN, FETHERIA
input_text=recognizer.recognize(input_audio)

# R ORI XA 3, 3K IR ve o SR
response_text=chatbot.get response(input_text)

# A EF A A, 15 B SUR SR A0 B3
response_audio=synthesizer.synthesis(response_text)

# AME TSGR
sounddevice.play(response_audio,fs)
else:

time.sleep(0.030)

3.5.14 iR A R

NGRS 8o

AHLXFZRAR e = R stk 27 2 SR B S PLaR A Bl “AfR#E” (Space Invaders )
X ek, sfbsz2d iy “BREIAR” DL “BREET RAER R BN, 2 —R
SIS ORET B “ZE” AL, “BRBIRY Fete B rh E RS A N R
HA “BE” R T CHEE” MIERR (CRET), IBAXA “SifET matiineg, RZ
D)2 ) 553

“ARET WERETHRRIE RS, B E St T R = ARG, ARG
TR TSR, mahtlas NHCSEM “ARE” WAL . B Asan s .

import AIGame as game
game.play()

BARCHS U M BA 5RO 6 BRI .
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