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robotics, natural language understanding, design, humanities and

social sciences.

M ETE SR AFR AN SHLER ARIASH g — D22 B SIS
G, EREAN A ST AL S BRI R R BT N Sl NS E,
P, X% EHIG ARSI REROT 5 AW HRE (B 11 P
fefy). Ak, NSPLE AP SR IaE AX—56K, (Hifm
F BRI AR GER XTI S A s fd= w2 (1 1.3 H 317
FMshiEtt), “ETABRARA.

N TRAREMHCAY AL e RS
AT SRR T BRI AR SR, HET) 4845 5% TR AL

REFERLIME, BJaX AYUREAH BB RS ) SoR AT H
AL AEAE— 2 BT, ANITTES AR G RE R SR B AR S AHEZL

411, https://en.wikipedia.org/wiki/Human-robot_interaction, Jj[i] H#1: 202047 H 29 H,


https://en.wikipedia.org/wiki/Human–robot_interaction

10 %1 F AL RAMA G 3 LR

1.2.1 AN TEREBORIAK e 2t

AT RERARNE A —FhEERVE R IREE BOAR AR R AR B T B
Sz RO, HA ERTFON AT IR A, e AT RE SRR R B (k2
AT ESHATREE? (X 1.1)) Bk T) 2. BERIE.
H2, MAIREBARBETER Bt 2, FRATIN N R % 15 A LA RERY n]
REARAR, XA B AR GE GE RSN R,

N TR REBOAR M VAR A

Pt LA A > BRI 28, FLIC I/ I 9 S RF T KRB G T #5, i
PA GPU HE MR RE I e T, DAREE 22 3] R EEaling N TR e
ATER AR TERD K EITR, IR T N LR RRN— . Sa
JLR FZ ARG T AR O KR F, 4af N TR RREOR &
AABAWN 6, CRERGIHEM. B REEH 55 7 TH
BTERIRL, NI KRR THRKNE .

A RN N LR BEAH 5 & SRR WA 1 RS ANE L E &2 1R b, Jk
PRP L E TS A K SCER, AN [13-18] fF. RATEEHALLASS 1.2.1 45F1
Bl 169451511 AR EIE N TR BB B ARAE AR SRAR B 7 1 & R 5%
Bl 1.5 N TR ReBOR T A a2 HAT b Ak s

AANIFRBEARALBL R N BRBARE—NBAHKT
L7 Hp AR a9 #7345 R4 3R . Emilio Frazzoli vA X B 35 A ), %
h T — AR RIE B S BB E AR A RSN, B EE
B RBETN. RFAFEAIANFEF RN ERTL, L5557
A 03 B KB AE F b T

o ZAFEAR Y 8710 LE A

o VAR 1000 12 E LGRS

o PR EMEEEW R 500 1L E A

o WHA AT AL 12000 12 E LA

o JAFE N AiA F) R A8y 18000 12 £ A .

SPGB H AR M T GE B RN S0 BEPLIE R, J058 b, AURSCR (s 1.2.2 97,
BT E) RS RI, AT RERARTE—LERrE SUsi b A HA BRI, AR AR X st
JRBRMERAT Z AR TR, X IE ) AR O J2



1.2 NI ent Rag AVURES AL A 4 11

BT XA E, RIEFAR. GEFRAIHAEANT K
TR R T AR ARG L . o

=TT
ST AT I

(@) AT AEARRIT H a5t (0) AT BEHAR T BT
Pl 1.3: AT BESORIN LAY 21

Bil 1.6 N T2 e BAR M 1By S HAT ) Ral iy i 53¢ .

475 Andreessen Horowitz & 3% 3R 1189 #3248 K 5245 WA -
%1% (Vijay Pande) #3246, “IE & FTad TIEIR % 404 B 1%4R
B, REABSA. R, RAERR S LCHER, AT
E)F— A& S FT A YR T L kB, @it AU e 45 R 4e
Ayt A AR e B H P WA E k. EARAR, “TAEREZ, B
1R ) B 2 bt A AR 9 AT 4T, B Akt AR EN LS A2
RIER L1557, EX ARG A LA ARIR5) 04 BRI 0 B R B
RAT, AT VA R 5 Fo o M ik LAY IRTT, iEARS B F-Fo 2
T A M5 W IR IR, ik BUAE e IR, SRR IR LR ) B iR
B RS, RJHEGE,

2017 FRAATHRF RALIF RS LA £ R4 ALF 4
FEE 7R AR e Fititt: “HER RS — KB HATE,
AN TR A TEL “FRT?, f2—ARAN—A XS
24 300 kK F, 300 5k A TR A 180m, 42 i 444 FAAL R 2,
FIGREHITA G, BAEERIEIE 0, AT AT, EARE
BT “HARATY, AR ES, TR SHFME, Hb
P RE|—2 K, RELIN. ™ ALERHBIEN Z =40y, 88
ho T . B AT —ARNE R AT 4 ey Rie A E) 10%, 122 Al




12 %1 F AL RAMA G 3 LR

AR T VA RR S IX AN ) AL, 5By B A JERITey 4 @k, Flat B AT
o Al AR A 3T 2418 04 K M R A R S AR AR 1T R 200 10 S04 L E
A7,

all,: https:/fortune.com/longform/ai-artificial-intelligence-deep-machine-learning/, i1 H 3 :
202047 H31 H.
b1, http://www.techwalker.com/special/intelAlday2017, 58 H#: 20204E7 A 31 H. o

J

/g5 N TR e Z ik

H B R 1950 S FHLER R RE L Mg 3CP (1) kK 1956 FArdE AN T
BREMEA— T 12ERHE B “RFEE IS U0PY E I, N TR 2
M kR LR, A OGN, AT ARSI,
SR EAEFRA TR AN E R 1) - i — R AN TR R 32 Ky R R 45 ol
IR SN, (HE AR LRI TE g ?

Ko 3K — i) A ) JEL 2 =S b e ) N LA RE S N BT REAE A T L)
P, FER NRWE S Hdriz . O OZ0RE, AR AN LERE
EEG TN, BRE MRS R e GU A, X RN T AZK57
g, T ANRAER, HEARRKRNMNBRASRER; FRAEIEXLO
1), B ANLEEHNAEBIEARIASRENEGBRAT N, ARWEEL
HAFHAEMET

A [ A R R RN R AR AL IR BT SR E Y o R R e
Iz MR N TR REA S N LR 2R &, W 1.1,

1.1 /5 N TR e

7% AN T% A% (Strong Al) | i A A T4 4% (Artificial General
Intelligence, AGI) , R A& 5AXRFHE ., IBBALWALE
AL, RRRILIET AKATAA 09 PR AT REAT A

L5k tart o, 55 A L% 48 (Weak Al) 3% A A L% 4% (Artificial
Narrow Intelligence, ANI) N R EAH ARy 78 Foie h, RAeA
TR, 124 AR T A AR AR

RAE X Searle® : “The appropriately programmed computer really is a mind, in the sense

that computers given the right programs can be literally said to understand and have other cognitive



https://fortune.com/longform/ai-artificial-intelligence-deep-machine-learning/
http://www.techwalker.com/special/intelAIday2017

1.2 NIE et Koy AVURE LR 4% 13

states” FRussell et al. ! “The assertion that machines could possibly act intelligently (or, perhaps
better, act as if they were intelligent) is called the 'weak AI’ hypothesis by philosophers, and the

assertion that machines that do so are actually thinking (as opposed to simulating thinking) is called

the ’strong AI’ hypothesis” , ry
by b A W 3= (B ) ATHEEE BATSE
ln:e.II;a:ncea{;‘l,\l‘:) Artifical General g Artifical Super
&5#‘.&?%#1451%%4}%)} N Intelfigence (RG] Intelligence (ASI)
bl sosiomn; anag | P TREGAARESERIL B
8 5o EAT AR, ke O MiEE, AAMERTEAT N o LA RS A i
e RaTE. ARERE ., HERER i
] 5 e e
e E 20407 & AR P M Ml Z 5, R T
P @ @ @ Fl o
[ . . Uil

+ ALSHHZECT SEFARE 2
© REFI

- Explainable &1 (XAT)

Pl 1.4: 5iR/55 N TR REA S B AR B g T 7 R

Pel 1.4 251 75/ N TR R A AR 2 T BRI 7R . R4
NAERARIFAT 24 BHAALAESS N T RERS T, XTI s e 7 A ot
AEEE N TG, AMTZEE . Xt 2015 AP E2 AL &
WS SEMNGHERN, A0 AL I AT AT HE
TEJU 2 — 1 24 A ITA G i NP, (AR Bk EXT5m A\ T
RERYARRAFINBES I, 2RI A AT RE S i N TR e, R oHE
T HREE A W EE A

P L4 FL BRI T, A TR SEATHEEEHFEM. W
FURUE, WEAR ML TR AT RE, RN A TR RERIPLAR HAT Nk
2R EEE Ty, TR A ZTEARFER AP (EC AT E T B LN
AT AZZ IS B IR A R B ) A J i N TR RE, e AN TR BERI AR
N WA T I E PO R P T

WE AR5 N LR RE R B R AR A A3 A BT LA RE RSB A
fiviz, APAE A TS HRGUS A BT84 (R TB0A 5 A T fE
AR XA KO HY N TR RERAUR LR GE R A K



14 %1 F AL RAMA G 3 LR

1.2.2 g5 N TR HE S ALIR A R HE RS

AN S AR A3 B S Y S AR I B4 A R MR R
YRS N TR REBORFTAFAE R BRI, X el b B i 1 N T BB A
SERAA TR BERARM IR KB Y5, R AR RO E T
ALTRBERIPLE B RER R AL 102 5 ATHEOBOR n] /b, XSS R T
CANPLREERERL” MR K,

TRIESF VRN TR REAE A S AL b ity sk

SAEPARE 27 ) BRI N TR ERARE 258 1. - Hik A
PEATHE AR S, ABAERF N R RE SR B - G il Al 2 Al ik
AR, PR ORI 27 T BRI Z ()T e T XME AR AN B9 i
W 1.5,

o ZhAFWHEORMV SIS BEN A NG . A2z v BA IS 5K

IS HRE L, R GERE I (AR WTEAL , B e A5 B R T 24 i
Z), AR AR EARI I B2 T EH. DA AL BIATE R )
BN ZOR I FAE R AT RG] EoE, AR A S
57 Fi 2t BRAE MR I B R S, e T SRR ) ph 4252 BR 1Y
IR BERPRAL, T 2% ALSEEAETH I e ) AN REREAS Ty THIAT
A RS R, A S RS RFRR R AR Z A T
A RERE ]I AL, R n] BEAT W R R AEAL T R GUIR =R
AT AURIRBAR ISR, XX AT SR BE ) FI R GERY Sy 1
SORASRARKBIPRE ;. PRI, TERIBIZ AR B RGHT v R A ml il o
PR MER LG, PR AT 1) R A A 2R AT A VSRS 2R BE A 55
WEHRA — E BR -

o WIESRAIAFETERA NG . R~ Bk A SRy Bz ] iR
(Pl 1.4) FOASJS_E WA BRI E ML, BRE RIS ) SR g AT
RETELLSRZ G I T BN F N R . A8 S A B A5k
ALPEIAI . RSN E T, (R R 2 S BT L AN
SEME, SRR Z G —HIHEZRIEATAL B . IR ) B ik, A
T DU AE SR R AN RE PR Z AN 73 53R, LA Trusted AT A
Wse, EHIAOH SRS BB, BB EIE a0
)R REAS AT B IR R T A7 A 4



1.2 ATy fent (Rag AR &7 AL & 2% 5

o SHECRMIGENESYER G . PSSR E Y, B3k
PR 7 5 2 AR R B, Eedn, KR8 E S A EAFAE
—ERRERA TR R DL N AT RAFaT . (R ) S
SREGMESITE, XA TES 2P 1.5 Pl BRI AR AIRICIE 2>
B S P MU CARRFS 1) T I R, TR 2 ) AT RE R 25
SEAEMNFAI I REER . XRIMESIEE B, FIAFETFA ) A e 1%
PETCE R, Ay PRI A 7 SE PR R 2 > Sk 1 Sl B T Y
BREIE, R MEA SR RS T XE DA [ 2 i

| asEmEsmitERRE BRTRAINEISEE

7% anblax R3% confidercr 9. *‘Em:ﬂm
g Aﬂ@m“ﬁﬁk - MUENRRICE

Bx
I AATEGE AT
= Robust AL

e | AR
MG DS s PGSR
- ASTEHERSEHRETITNERETIESE

Pl 1.5: BEFIRBE: > I N T RESORTE A g bt il B B BRI s S S 225k . T
R BRI A R S 7 T A7 R

IR A S KB TR BERY SR (AT B 1 AL SORTE AR GE
Sl B )4, (EAE T 1] B Sl A i R e AR A B . b 1.6 B, R
JE27 > B UK 4 N ISR B2 A AT DA RSEE B4 Tl J8e S AT ek, e A2 il A
G RA_E AIEAE R e o X AR i AR E [RVRE A R B 35 T
HRWHIERYERZ, 15 252 th T N 3 5 A [ N 2 7 R (1 BAR
TORBIART] ARSI PEEORIT T, R SO AR A — s Y PO MK,
(ERFIX — R ORI AN ™A%, (E Az Bl A P2 SR S d b s R et
18 AR 2 i ™ IS R s AE MR 2RO, SR AR R A AT
R EE, 584 T LA 3 0 3 i AR D7 O s a5 1k, (2 E 32 i)
PR B DX R PRBEMERE T , AT DX 31 51 45 SR A S AT SE A B SE A & G 7%
RN ICIRVE ;. FEEARIEZORTT I, Dhi A A T 28 ] R 2> 1 1
—ER IR, HIR RS AR A A RS R A W] AT | K™ E
EFALAY, R AR B AR R H i



16 %1 F ALEAIFRANAE G

‘

T
Ad ’

1.6: DATRIEE 7 2] SRy Bl 14 (8RS B A R Bty JH 1 Wil i SCAT s, (EAE A ARl
P AR AR

ASERMA T e S AL RERS

TR 12170 mRAIEAF R, X—RMALEBEARCEAERZ I
RIS TR, TR R B A AN TR, S R R IR %) A
O AT EFE I FRATARE], = OME BN EORTE I AR R
FN1HZAE AN TR AL AT LRI R . HEimT, M E—/N7y
FHATHE— ARSI~ ISR N LR BRI 2 H s A dil Al
PSEUIE s S NN i i o 7 U R o S T A 6 0 i 1 7 ST ]
LR , FEFATHEAZ 3 N TR BRI RTR T, REAEA I 2
PAAETR BZ 27~ 1A Bl AL S5k P AR e

B ERYE, th ALEORFN A S BORIE IR R BLES (FL s ) Bk
HAT A3LRES) (2B 742 RS ARG T AR IR 173 |
NEATHERRT (ARSNGB SFRE ST ), XA
S H5AHELE: T WHATIIL, Pl 2 n] METE NS 5T 58 ik
KL WAL S5 . AR, — R ERAREGBELAR, HENTEGE
BRI TZ B I T2 ek, ol H Sh A il sy, A2 54
AR /D iR, B LA R ALIREE M A2 FHBOR B e
NFEHEEZ N AR RGNz, WP 1.7,

RN HHE [ ) PR AR T DATREE 27 2] D LAl AL SR 1Y
MEMRRE . BRI L E, T, ALSRSIIPLE R REN &1
U H AL R T ERMER 20, ORGSR e A R T 2t
I B AL A ) ST I 4R A A SRy B axi g (DT e A shfix
— UL E TN X — A ) 5 i —Jr T, EAR ALFERRZ A
Iz R, (H LAY B S h B R GRS E A TR 2R 2 B
A AUFARYECAGRIERS o AR 7 ) A0 NIRRT i) T JR T 2 L R
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FHzE. THE., RANMARTE+HRE

» fe SR IREE B h L RIRT AR IR
« AIREE, TS FIRDAAFETER

it P =5 e i B
| - AT AR
|| - mEEnEASHEES

m  FE AN TR

+ AR AR TS FRMEA, PR
« RETEME, WS, SHEERmNERAESBTEY

Pl 1.7: ALTRBE A2 P oA P AR5 42 i ) PR ER

SAFBATE AL—NISETE B, EAERTHULEIARR, A TUIELMETRE
AP AL 4 AT DAFIASERR S I TE N RS (Bl 1.6), SR IA BiAd
R ZIEAREAESEA EFFA R B AE, EAEGA T B R TR
TAETRI A B (BEE AL A ROHDE B sy, HanstkosiE
pRi&s) AT RERE BOME AR T G R, PRI AE AR I o X5 1 A
W, H¥ AUSORIRSAE A s e it —2 A fg, i N TR R AE
WA (FTREAGE A L), ABA NS SR B A FE AN A D 52
b b, AR T 0 A 32 32 5] Waymo [ E AR AT E R RERE ) T
NEBARERE A M, ARRATEZ—FANIREGHIER (B 1.7).

AR, ALSKBIRIHLESE RETE H sh A U 2 At N8 5 L AR
PR, 302 M b B i DAR SR — U U A AR R4 DART AT B i) o
HF AL N T, T AR DU A TG % S5 AL A e R X — J2 T Y 3
AItTE (A REREARFE L LS HEnsfTi R aiiiE), &
T NSGHLES R AR BIRA AL

Pl L7 s (AU F R R G SHES 11T R R AL ARG
A ERXATET, RN BB ARG, Pl EA T ALK TR
BEEANE 0, MIMTESRRY 2T L5 ANRRIT T E1ERSES, X LSt
MNLRGEAE B 755, AT AL AN R GEXT R B 2 1 7]
SR BRI, XWREGEAN ARG R D HIER . BRI,
FANFERXERG N “AVIREGE RS, ARSI E AT
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)

1.2 NBLIRA R ERSE

AMREFiRR AR —RFARY ARG, ELPNELR
ALR T ey hcdo g T, AMEXN Z—RAE 8 R Z Ko

WAV Bt AHL. B 305 A b s R R Hi oAk
KR, TR 1.8, BARM AR E LB AN EERF T3 s btk (M
L 2GR Z AT R IL AR R ), X0 i AR 2R A A
a3 s, R THRERINLES (L AEHER); ALRBERPLEE
e K IIFh R T B 3L B RIS, [T A A e X 2237 2 B 3
LR S 5 AR BOR MOR AT /b (A L B89 7B 1L R A Z )6 b4
), BN OWIREGERERE (I RAZEHER); ETHEN
AT AR K, W Z e —AMEa A AERA LR freE, W
FHEM— MRS T AL ERRRIT (V. 22 BaER ?),
FE DA N TS, W L RAZ 6 09 R Ak tH A e .

M 2B AR, =0 £B=x

I R Z AT 5R Il MIERIHE SR . FRZ EH TSR IV. Rin 2 fEHotH 572

Bl 1.8: AN, AL, AW LR X AZTESK

>

1.2.3 ABLIRARE RGN sy 135t

=
4

AN E s o T ARG
PR, dEim S as AUR AR RER SR
BT -

BREARG RS T, I iR
TSR, AR E KRG
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ABLRA B i Z Gt dL R il

Bl 1.7 Jo N 25 AL 2550 7

I A 53R %%}ifr#i%k{t‘ikﬁ B B AR ERBIAF R F
BRELGE-ELE, ZHBNEARL R ETESF B3 A .

ERRAHE ?ﬁ‘i%ﬁ 3%, Waymo (% Google [7] 24 Alphabet 7 F
FNE) ) RARA Y G4k . 3] CEO John Krafcik 72 2018 WSJ
DLive # AKX & EARINT Ao B3ERZ K, L, BRAAE
BAE CAEAEZXE?, METLHAT AHERAE, =2E€NE
RRERER REZGFRBET, AN BRBARLIZAH LR L
TR AAEAT S FARAE B IR0 R B F A LS. EIE#k RipeT
John Krafcik N BA# &7, T4 8 a9 LS A 3h B HE R AkhY:
“That’s a somewhat unreasonable expectation, and it’s sort of not even
necessary because we so rarely drive from San Francisco to Santiago,
Chile. We just don’t do that"“,

RTRAR B HERRATZAGRESLE, Amtmh
AP X AWUR S AL A 4o

“Jl,: https://dailyjournalonline.com/business/investment/personal-finance/the-ceo-of-this-
driverless-car-company-still-loves-to-drive/article_a2f9c51b-aal9-5¢77-a138-a8a07431bc5d.html,
Vil H: 202047 H 29 H.

il 1.8 jiiiak N 250 53 0 S5 R B T N 423k e A bk

o sat, RE 2019 F Kk, 2EMNAHERE T4 348 1L
i, MApE BN A5 LA, HPAFEEIRAN3ITILA. P
BREEFONHELZALIRE, ApZ—W B EFHRAHTER
REFZAFREPmA Ay, XALFEA T 425000 Ath, Lo d
TERREZEATET TR 3000 A&kt 4 1.7 RARE
é’J A EIRTRIRARE RAMEELL, EEZANMLR AL

Bikd ATAA IR A GRA B AN, thte, TV
EA% AR A0 g iR S A Sl AdEH], R AR B I A
ety LT AFARE RN A, AR AL E EAEA
BRI IBE R REARG L, AL TRESFZINA



https://dailyjournalonline.com/business/investment/personal-finance/the-ceo-of-this-driverless-car-company-still-loves-to-drive/article_a2f9c51b-aa19-5c77-a138-a8a07431bc5d.html
https://dailyjournalonline.com/business/investment/personal-finance/the-ceo-of-this-driverless-car-company-still-loves-to-drive/article_a2f9c51b-aa19-5c77-a138-a8a07431bc5d.html
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BARABERIZANAGEZENRTEF, khﬂﬂ%k% A
BT EE A EPREFIBINE — T 8 B NGAER
TR E AR E AR EED,

i B — A A R A 9B I AR AN A AR
TEM, RANREH A G —FRA S AR,

4l https://www.mps.gov.cn/n2254314/n6409334/c6852472/content.html, 5[5 H ] : 2020 4F
7H31H. &

\. J

il 1.9 bl A5 1R A3 6E  (Cyborg Intelligence)

e R m AR R, AR AR
BA, RITH) A VUK (cybernetic organism) ¥ 15 #x, ZI0H A ML
K (organic) 5 & M #Ld, — 1k AL (biomechatronic) Wy £ 4, %155k F-
WE L RREH AR - LREE 1960 F4087 . IRICFHE
Hag S, BT ARS8 IR AT AL (Cyborg Intelligence )% 27

o R T AFE i TFAF R0y BH AU AWK
BAT, L3RRI R G RALAE . &aﬁiﬁkﬂ]*%#hééﬁnda#h¢$éﬁi:ﬂﬁji
AR, AR EIIED, Ay we AN B SIS ik, &
AR BI AL, AANRI R R A B, kLA
RO IRBEBde, el EIL, FI A FMEF RO RTR, #
AT BALER G0 IR . 5 Oh, AR NRR D Aen A B &,
B R T kGt Hag iR a3 5m 2 ae 2, 2 SUA A AN 2 AL hd 37 44
B, TRZITEN Bde, IR ok F AL

41d,: https://zh.wikipedia.org/wiki/ZE % . iR HY: 202047 A 29 H. &

Bil 1.10 AAELRIPHIAIA R S o 5 2 e v 5 i 2t 45
BREEREAGELLFHEMIER . FRBEFHR
kR BIFENT KERGER ., Bixh (abifoz3%E5F).
% aeigds (NestiBAEA45). Faukb CRRIKA . HRITHEE)
ERAG R EAA TRS RHG S, MEFRTEERELR
RAIFE S —F R K, AN ETEHRMERE, MEAHFIE,



https://www.mps.gov.cn/n2254314/n6409334/c6852472/content.html
https://zh.wikipedia.org/wiki/賽博格
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P
FiREEl  ERARE [ L= ﬁM i

Hns il i T\ = =
= i M)

FEHAN TEANFEN
RSN ERIAMITRE  ATER PN oF= T R b FIREA

L F N

E19%Q%FAMI?%FﬁW%” E( #Eﬁ ﬂQE%W)TM@
T A B BRI AL B BE 7 i

1B FRTE oL A ZHRERERAH L, EXSHK
BT, FREEF iAo T: AR BIES, FREE>
s B FHPATIRS, XA &, FREE SR BN T I, | T
— R EXRATEX T, AMH TEFGRTE Z R0 F IRE 55
P LA 1.9 ¥ B P AR a9 IA KA KB A G TRy R4,

BREE A AEN ARG, Euaeirrm E2eis
VR IERA IR L, HRIEARXYETFEALELE L Kby
PR RLB., BARKXGYE T4 4 %%%W%L/EMT%
AFEA R —&F R A ARSI Fo 4 180 5138 ALK
JE JE S b B AT AR IR AR mﬁx,mﬁ&%A%M%a
IEREM BT RA L —RRBAGRARBA, &R %R
BRATIR A, by ARIE E0E B TR 4kiF. THRABLEE
R R B AR AESR, LA 19T FEMART .

EMTHREE TR, FATTFRREGLLFLFETHRE
KK, REBRFRT FRELERFIULZE EAN0IEE, ST
AR LI H IR, o F I Ao By A8 T AT VAM ISR A a9 3k,
ERME A TR EFHHX, IIREEXER P EEaY AR, [2E
HiX LT A5G REN, 2R TS LM ALk, HF
TARIZE EFHagi=H A .




22 %1 F AL RAMA G 3 LR

FrL b, BEBRIMBEALIETTHES. ko Erny
WK, Aol THIBI A B ATAEEFP, AANEELER
et o A AL b (222 AKREETEY) 1B GEE R R
A, o
Bl 1.11 NBLEpERE B AR BIAMFETF AR 1

RFFIHF RAGE —FE G ARIENE AITHEF Ky
A F R A%, TR TAIZIRMIA R, SAEMES 25 F Ridfe,
Ak 2012 SFZ F AMBEACHTT AL 20 TR F K,

EFRIREY, mAMERHOFREY, SAEAN ER S
B3RS il A B4y 3D HEMSR (24 K), BIEFAE
L OGHARAE AT F R

=A% FA TIHAE A E T 4018 (Foid EATABAT
FTAPAR1E) A= 3D ZF IR A& 4ot B 4L a9 3 K BAUAK F AR R
TagAr AL, K] T ok ARMUE A IEIA |0 BOR 0 ARMEAIL
Bl RE T AR FIAE, o HLE AN VA 3 B hofT 247 F R,

J

ABURA B e R Ge ML R 5

it E—/NraR R E ST, ROTEES ARG RER SR ML
IR o ARSI — L8355 SN B A 43 ml WP 1,10,

o ARHbREEA: AFTRBARAGE A BN HIsAE, o
TRES AL E: HANA FE A s s N A BLRERBLAR A, Hk
THRLEFT 2R N5 K B A F 5 R LR P ER (B 1.1,
B 1.10%5)

o PREFAREREEN: KA RARE AR Tiatr, (HARHRE
Y xR A, RGBT E R AR AEDTE ST 45
YoE RGBT IEETIC (B 1.4).

641Santoni de Sio et al.**! Fr§ 1Y : «. . . the principle of * meaningful human control’ has been introduced
in the legal-political debate; according to this principle, humans not computers and their algorithms should
ultimately remain in control of, and thus morally responsible for, relevant decisions about (lethal) military

operations” .
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o Bk ARARGENER : HH BRGUE DR ETE R 1 D0 T 5ik i B A\ 28
HRLER BT OAE R B R B 1 (1 1.2) rhdLas % RERS
HERRFIBT N2 15 2 R Al A IR I RE T, FFAEAS U OL T 56 fil Ak
KRS FEANILERBT (B L7) e S8 R 1 Ol
IRERIUE AN S

o AMRIAJI AL AR PERE : EL 06T A5 S R ISR L g D R
i AR T ASE TR AR~ I HE AT, B0l ARTIAAIRE 1ok 46 AL
AGUzAT, MIMHETT AL SRR PERE

o ABLIEATWEsBRE 23 B A AL AN Ry O 35 3R 45 B — T
FRICIEBAS AR RER BT HLanBE RS (B 1.9) DABLESAE AL
& (BIENSHEWIEN) BRE—, &b AN TR
s AR RE ) SLANIASF A AN AR AL (B 1.11) 5 A
REA— A RE A I T B N LS TR A TR SRR

MERER TTAAL ASAIDBEE

A AIfr AN
ATEBIRETFA FAdtinH ARTHIEEA 24245 ASAlENGS
Mg -

LS E4 TR PR 3 v ?:f.:ﬁﬁ%f-flt.ﬂh‘tu-!ﬁhl . v Biparsliy kg - ?; ur s B 4 AL Y

o R AR YL 3
LEA AN RNH

+ AWER/ETARRREA. BT - ANBSE-EEEAEIRERER .

& , ASCIRERET A et e L S L S I
g gﬁ?éi&g‘g;ﬁﬁﬂ;’mlﬁ « REETAFAERBEERERGE | HET l\ﬂﬁ{?m | A

Pl 1.10: JCHLIE £l RG0S5 5

1.24 APLIRAERERG P AN E

M BT BT FATAT AR B, R ZEX AR &8 e R b1 —
HAIBFSE RN BT, T ST BT AT R ZE R G ) b (57 R A FH A0 A 1 4
Brfmis]. FE b, FERZEANRG T, HWX—SC a8 285
ZHA BT BRI ATE R G A AVLR G R “ AFESFN” (in-
the-loop). “ A¥EFf_L” (on-the-loop) F11 “ AXEFFHM (out-of-the-loop) =
FPRAL, XA R R AR AR RERSE, W] REUTHIX 02k, &
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PR L 1.3,

5 1.3 4 NIRRT I AL RS o KL

o “AEIA” (in-the-loop): # A FATIRE B AMEES

5, @i A EERAGANYERER, BRIFEEARMNE
Fikik B a2 R,

o “AEILE” (on-the-loop): %A%ayEfTidfE LA A#/A
ERAGIE G THAT, 24 % B TR E 45T
BERARESLL.

o “AZEII” (out-of-the-loop) : A AAEMZEI %4, ETiL4E
PHRERANRESLL, muBA A A ERAGIE
B AT 4T . *

i bk AT, “AFEERSN IRGE T REHAF EANRES
S HSMERG, MEANLRGEMEEN, FLRINIAZmEE; A\
BB WARG P RETERGIZI T AR N R Sl 0 28, (AAE RS
g R h NIRIES 52 Tk Eny, LIRS B ANLR S
—28; “AEHN” RGBT BRC 2t & T AWRER, 2
MRS 2T FEARF, HATXEES R T RS IE A AE
FobE” M CAAERR” ANLRSE, 72 RSO B “ABLRGE” nAZ
X MRAN ARG LA

CNFEER BT RGP N SHLERAE T AR R AL, B2 2 A
TR EPRFF NRYEE R, WA ABLERE EAAR R, B2 LS BE ) B
IEARYEE SR, AP N EN KR “AEHRN” FAPLRG H A S5HL
AL TSR, H R A A B A D05 UG B AN S LA e AR
AVERRCR . 2%, XPIM AN ARG e R AR —E, AR TIT
W RI# FERMRREMMERER, JEEWMNIRERERE

Hhar “ANFEER B I AHLRGE A AN ol . Bl e ANl By
LSO (| N = MRS S S L Ay e Y EWNSS e SR SN 27 /A
HENAEOKR, Al 2F R 1 1 2 H A2 1 e I A9 48 TR S S i
AL, AR R A ERIBAENT A, B A R R DA 2 i) 75 2 HE
—AFEE. NIMABI R RS Bl 8 H 8 A AR NI 7R A
REFS B AP ARG L, TS 2 S B LA 58 AR 1% i LA 52 I Eh B . i
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1.3 ANURAEH R Z bl B30 He s, 25

TiX—HE A, XFEANURGE 5 O S 17 B2 X A 1) 75 2R HE Af 2
FERIERASE . MEFCANIL, 20 RGBT A BEA BIOR . SR, o A MER
MR XEAIRIBON Y RIS AR, A, HI. R BORasie
IR Bl T PE AN XE AR AR R, AR 42 1 2R 48 Hh AR AR B B ™
WEIor IR . 20 EsE TRAE. 55h, 18 “ANEFRN” BANLRSE
H, REARGELEF A NS SR RGNS, &8 T
RGHNA H bRt AT

NBLIAT B HE R SEMIDF kiR

FES 1270 e AR, I, d LR 2l ALK
BERY, FHMET BaifeiEml i, Win ARG R ER LA F T4
MBLRGE; 73—, MTERG P AR ES 5 RICERER, HiA
PUR AR BERGAR Tk AUBKEER) B S feizhl RS . MR 7
K, Aoy BRSO TR AT AR G HE R G K% DAE T3 ATIRAERY
F sz d Y ) B R A, M2 kg N SPLETERRE A )2
HSEFFIAE. X IER AT F8

AT et H E MRS B R IE , RS R DT, B
JrtikiR AHLIR AR HE RGO H R AT N XE,  foe it — 2 R A R AN
A R BRI — I 5 1Y S

1.3.1 130 0m A 124k

MESIMLIERI RGN AL RS, MUBRGREERENKRITRESE
BT — Mo 2L 0 34/ N TR e/ =2 AL ] Bt Ay . 7
BARKREL, BACEA THET GBS A S AR BPLES T2 1
AR AR A Sk, BEPLE A B AT R AR 1 BE
REASARTE 25 E M 15 MU AT RZ A AT 8. N R RE AN R Bt <5 B R Wy ok
T IREL RIS S e S5 D T B 2 RE Sy, BEARALAS REAS TR 0l 1 PR
BRI FRe R GG RS, AR EhLaen B S sE i & AR, i
ANWEAE AT R H AR R . BOEFRAE 1 DL F IR ILEL BT & . X
B, U T TR B A N L RN = 2 B B AL R, 1%
ZER VLR 111, EREAER L1 v, Bl ALIKEESS — 2T H 2 fE
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B NGRS LB T RGOSR, TR T AT S 2 22 i
H Lz H R4

4

kS

LA Ammr )
T W B ™ AMLES | SRR
\ﬁﬁh &l B BT
\.‘__"\ 4
'[ Al AR

| MEmESSYT
L0 JCHUEA B bR G0 < S A TR A =R Ay i

1% P 111 Fron g NHLRGEFEIARA RN, ZIcRE M AET Al
WRBERTS | A LA B M. XA E BRI E 2 A H T A A5t
Fraloy, MEAERFOERE . FAE AR Ry —#h 3.

SUEA R RNE, (Eal DARRULRYE , RS T N TR RERORAY BT
IR 42 il ZR A AT R 1 RS R A R o, RA T RE R AR
B A R — SR b R B

1.3.2 ALY RRE R 5e M AL A B TERHISEHESE

AN o] EARAAE AR AR BE R G S H AR STy 72 2
Ko FHEETRZ, LREATAIRNE, AMURGEERGEMENESEN
PLARGAEN TR BRI &8, 22— kT ph s aus, HItr
T T/ 2R R TR A2 R I AHLIR G B BERGEA T 15 (BT,
LA AR 2 ST AE B I B A R By, AR IRk, =5
kT TP A SRR I 2 S STAE RS BT B BOR T IR e RS . it il
B, TR B e U TR A BEARAE AP L ERANLR AR BER
Wi A i

T AN A FERTT . BN AN TR RE B S A ] R A
AN E V2 T AR, SRR E PR A A G B AT ALY
H SRS, i MNSHLATE RS R P HiA B AL A M)
JEA N AL S h Rt s g AT AR
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AT iy SR PERIASI 2 P

BT IR T BN T REROR B Seil i KB s i I R L 51531 i
EEM RN T ETMSE, RERXEUE T ERT B35
A5 M ) 52 AR AN iy A BIE e T A0 o FEax A e b, —J7 T, X
BN AT 22 X FERIE . SHU A R AURMER 2 NG IR IERE, 5 —
T, PN A A5 R R IR T AR R AR S A E M. SRk b
AT SEIR AN AT fREAT AT S50 A AN s AR OR BB T N R REBORTE
BORBON RIS RN, IEATER 1.6 TR, AT JKEh 0 &
QAR BIBARAE R G SCAT T R, TR AL 8 AR a5 3R 1] E Ui B 23

1% AL R , #1219 K £ 4F eXplainable Artificial Intelligence
(XAD [YHEZ T EIF. Barredo Arrieta et al.™ $4IL 3 7 AR b 1) — 4
ik, feth AL AT PREE X — BB MU BT & R ARG N TR EsE
WUEE R ATELER . “. .. the entire community stands in front of the barrier
of explainability, an inherent problem of the latest techniques brought by sub-
symbolism (e.g. ensembles or Deep Neural Networks) that were not present in
the last hype of Al (namely, expert systems and rule based models). ..” , i}
B AU P AR S HURTERY E SC, REARIPF I B R
ZARILRE . Wang et al. ™ X XA T 253k, 4@t T— A3 Rshr
THI ] P AL AT AEREMERE S, AR BRI TR, AN RE
Hedg . Alexandrov!®! N 505 A2 H.4 £ EAEAR & MBI /48 T T i
FE AT () —SEHE &R AT READFFEAESE , Zhu et al* 321 T DA P 0
Explainable Al for Designers [/ XAI {i=;, Hemment et al."*! N$& 1 2R 5
W] PAZ: 5 3] ] k) AT ARk .

5 Fik ALATERERIBIE ST 1 R EATLEAR SR B ], AT & PRI BIF
RELFR NN EFEPFRER, X —HESE F 22 5T DU
B9 Ghahramani™” Ay 24 T HLER2E T 1 DU, & MBI
B DU iR s aE A /NEdIE " DRSSP SRR W ] S 5. kI
Gall*! 7 FCAR 18 SORUHC AR 5618 25 Fh o0 TR BE 2 1 I AN 28 PE ) o 1 21
LT DU AR T RGN, MalininO UIHE— 2D (PR 2
>IN R VA A3 AR BN E M . B N PR A TR E I,
M TR VA BT BRI AR, AT TR T A E 1
&4 7Y BRIk, RAETE [ B AR AHUR G5 A R &
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S s ) 5 S

LR IR ES

WAESS 1.3.1 P prid, X H B ErEERE AR &8 RS
)RR TR, AWK EBEA S, BPA {5 B 3 (Trusted
autonomy) FIAJJE45 H F (Adjustable autonomy) {EL 545 Il 5 1 o

Abbass et al.P! 25 HU T RE H BRI @ X

Trusted Autonomy (TA) is a field of research that focuses on under-
standing and designing the interaction space between two entities

each of which exhibits a level of autonomy.

Mostafa et al.>? IZEHLEARE SR 5126 T Al P84T B F AT Al g
X

e an intelligent system where the distribution of autonomy
is changed dynamically to optimize overall system perfor-
mance

e amechanism through which an operator delegates authority
to the system that can be taken back or shared dynamically
throughout mission execution

e dynamically dealing with external influences on the decision-
making process based on internal motivations

e the property of an autonomous system to change its level of
autonomy while the system operates. The human operator,
another system or the autonomous system itself can adjust

the autonomy level.

M BRI E TR, RECEA A XD, T alfE
H ALY B ZROREREE AR E BRI EIR, R ARE
TEANURG R RERGERIPT I BRA , (AP MRS A S RA—Er
R, M RATMBIIA R R & O -
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Sr AT, Pt s A

IR G RERG GG IR AR RTE T/ th T AT IR
REMIAS LS L BA T2 £, SHEANIRGEEER
G T NFIWLESX R B 0, N TREREWA RGBT, REH
H AT NFIALAS Z 18] 70 B AV el 5 B A 1P Ao AR T T8, A
T AMALGE NHL R GE i/t A4 1] (Traded control) . =245 (Shared
control) FIFL=H F (Shared autonomy) AYRFAMESL PAFEIE7R .

Hi TFAC 45 il 5 R % i 2 WY JUNL & O848 5 1) — s 27k 3
T B S A H AT =R E D G — e L “There is no sin-
gle definition for shared control that is used across application domains. Often,
studies use the term “shared control” without providing a definition, and among
studies that do define the term, definitions vary” ., VE YA I RS, Gkt
Z GRS E SOE— FOM AR RIS S RIS

R T AR REAE AN [ RE Ak JLMBEAS, FRATAA TR 4k 2
RATREZ WS PR 20 .

Owan et al.>® 25 T R T AR — e L, HxTHBIT2 4
TTUH, SR NEEE LA AR TIN50t 2R Gl A R P 42 A

In traded control, the machine or human agent has exclusive
control of a system at any point in time. Mixed-initiative trades in
control can be proposed by either the machine or human based on
agent-specific models of failure probability. Disagreement stems
Sfrom differences in the agents’ models of failure, and occurs when

the agents do not agree to a proposed trade!>®.

Phillips-Grafflin et al.>”! T A A5 #La5 AR A BEL 1 T A% 6l
AT 5 S, AEF A ML A AL T AN AL A2 H AR i E bl
ANRAT NPT, XL BT REAIRGE N SHLE KR,

In traded control the operator and the robot both control the robot’
s actions. The operator initiates a task or behavior for the robot.
The robot then performs the task autonomously by following the

desired input while the operator monitors the robot'>”/.
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KT IZH T, Reddy et al. ™ 45 1 T AR BOfRE E L, RIHASHL
e IR B A L] H A

In shared autonomy, user input is combined with semi-autonomous
[58]

control to achieve a common goal
Schilling et al.>?! 25 4 71 [ B EAE I B AL = H e L, HE X
PR SN 2 A e A i AR

.. shared autonomy is understood as a case in between fully
autonomous behavior and teleoperation. The term shared refers
to the aspect that the actions of the system are controlled either

by the system or transferred to the user>".

Fu et al. By SCHYIE 5219 0 I8F A E 42 6% 2 18] # 42 D14,
FHE TR BT

.. a class of shared autonomy systems featured by switching con-
trol between a human operator and an autonomous controller
to collectively achieve a given control objective. Examples of
such systems include robotic mobile manipulation, remotely tele-
operated mobile robots, and human-in-the-loop autonomous driv-

ing vehicles'®".

PE R HAR IR, Flemisch et al.lo' Sof b 7 sz il 1 A4
AR, 45 T R BITE T X RGP HI S L e i 2E T
AT

.. shared control, where human and machine work together si-
multaneously, and traded control, where human and machine take

turns in controlling the task . . . (5"

Flemisch et al.l® gE—25%F ke 7 e ==ds 51 F 1 AMLE (human-machine
cooperation) [, F§HATE SEEFIAIL T, 58 T AT 45 A
[ﬂziﬁ E/J/\ %
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Shared control stresses the fact that human and machine share
control over a system together, whereas human-machine coopera-
tion, stresses the fact that humans and machines share the same
tasks and control a situation cooperatively/®*.

5 bk L AP &, Ttoh et all®h NIA Ay e =2ges il 56 D i G 12
g5 A =

Shared Control, where the machine and the human share tasks
and control the situation together, and its extension cooperative
automation are promising approaches to overcome automation-

induced problems, such as lack of situation awareness and degra-
dation of skilll®.

Abbink et al.>o Z12¢ T LGS T R R, BREAHTHD
WIZEA T 5 2 SR B8 SRy i ) 58 SR

In shared control, human(s) and robot(s) are interacting congru-
ently in a perception-action cycle to perform a dynamic task that
either the human or the robot could execute individually under

ideal circumstances’>.

Abbink et al.>! FE—2B 45 T ik CHH XM E A B, A%k
el AR AEE S RGPS RGEERI G “. . this def-
inition excludes full automation (where there is no human) or manual control
(where there is no automation). It also excludes traded control, because in
traded control human-machine interaction is not temporally congruent. More
specifically, a case where control is traded to the human who goes out of the
loop temporarily to get back into the loop later would not fall under our shared
control definition. Shared control also excludes binary warning systems and
decision support systems because these systems only support the perception side
of the perception-action cycle”

TEICELRE [, Abbink et al.55) 248 1 T S =niss bl i i = AN A B,
S PSR YR N S 1] ) 7)1 AP
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Shared control should link the actions of the human(s) and the
robot(s) by combining their efforts toward a final control action,
decision, or plan, such that each agent directly perceives how its
intent is shaped by the other agent, without having to wait for
controlled system dynamics to reveal the outcome of their joint

efforts.
S N BT BT Y A IR BE

Shared control finds its highest safety utility in circumstances
where situations and conditions can rapidly change beyond the
envisioned design boundaries of the robot, and where rapid adap-
tation in human involvement is needed to maintain system in-

tegrity.

Shared control finds its highest performance utility in circum-
stances where a human’ s situated control, perception, or cog-
nitive ability is the main limiting factor for the combined perfor-

mance, and where the robot complements these human abilities.
BB NP  OMLES ) PR REL A

To evaluate a human—robot system, it is necessary to evaluate
within and beyond the boundaries of the task domain for which
the robot was designed, as well as within and beyond the bound-
aries of the robot limitations imposed by hardware, cost or policy—
insofar as necessary to meet the full spectrum of realistic situa-

tions and conditions where humans may use the robot.

M BT B B AFAEAT L JE I E SCAT AR, A AR Jhss
WAL EAH RIS E C AR T ZHE KR, (AT5RAM 24 R
A HER—BRMIEE, OIS SERAIRG P B EEITS
AN ATXEZE B RIS DI R R o FEAS T P RATIO L AT
JEF o) N EEA ) N TR BE BRI AL ae iy H 0k, — 7 X 2 X 2l
ENURGE AL e ARG B R K€, 5 —T5,
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FET AN LRGBS ARMASIATA AT BEXT =5 A7 5 A WA A o 2% i
MG BT IR ST e ) A% . 22 fE iy n] & e

MRS B, o A& SR s 1 AR SR & ) — G, T
WA= | 4 IS . RATEERERZ E X L
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R R ZAE BRI M55, HE 2 5P AX K H S R 458
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AP0 MR AR RS A B Sh s il R 500 o £ Xt
%, TEM X XTI = g 0 F SIS oA 25, Bk
TEA PR RAT T B L= RS, k= E WA rE R R SRR
i

TEA A AL AR BT L, S ) AR A A ST . FE
iXJ71H, Gopinath et al.® 25 T L= il i — M b pyiid e L, R
Bl ANAWLES B MR e SR E E AT X, (X —E b
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WrlE. 53—, F T IS RS 7 (Partially Observable Markov
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PRI,
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bn H sh$s $l 86 &< (International Federation of Automatic Control,
IFAC) $ARZ: 14 4.5 (Technical Committee (TC) 4.5) : Human Machine
Systems” J& 75 AL GE G N4 22 ARA L, KFEANLRGAH KR
LRI GEETIE, : “The primary goal of this TC is to exchange ideas and the latest
research progresses/findings/discoveries in the diverse areas of Human Factors,
Human Performance, Human-Machine Systems, Human-Machine Symbiosis,
Human-Computer Interaction (HCI), Human-Automation Interaction, Human-
Systems Integration, Human-Machine Hybrid Intelligence, Brain-Machine Inter-
action, Brain-Computer Interfacing, Neuroergonomics, Cognitive Psychology,

Engineering/Technical Psychology, Cognitive Neuroengineering and Neurotech-

TG AL https:/te.ifac-control.org/4/5, i H: 202047 H 29 H.
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nology, Intelligent and Autonomous Systems, and Decision-Support Systems”

EFR 7R TR N RS . N 5% HB% % (IEEE Sys-
tems, Man, and Cybernetics Society ) Af 5¢.00f) 3 P ARSI H h 22 —B -k
ANWLESGES, A FWF5E4E : «. . . human/machine interaction; cognitive er-
gonomics and engineering; assistive/companion technologies; human/machine
system modeling, testing and evaluation; and fundamental issues of measure-
ment and modeling of human-centered phenomena in engineered systems” ., 1F
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Autonomy is the freedom to make decisions subject to, and some-
times in spite of, environmental constraints according to the inter-

nal laws and values that govern the autonomous agent’>!l.
Antsaklis®! 4 A < ERRAFRE 1917 i

Autonomous means having the ability and authority for self-
government. A system is autonomous regarding a set of goals,
with respect to a set of measures of intervention (by humans or

other systems)!8!/.
Antsaklis®® FHF— 380 B ERGEAT FAVET L R RS

In any autonomous system, the system under consideration al-
ways has a set of goals to be achieved autonomously and control
mechanisms to achieve them. This implies that every autonomous

system is a control system!?!.

Zilberstein™ ! FINFF A KT H MR W2 HE L, HIIARS
T MBI A R AR -

There is no standard definition of autonomy in Al, but generally a
system is considered autonomous if it can construct and execute
a plan to achieve its assigned goals, without human intervention,

even when it encounters unexpected events!®3.

NASA 75 HAR G hoxt 5 F MR T, B IS (self-
directness)” I “HZHE (self-sufficient) "3, Maartje M A de Graaft®!
WA, ARTHLES AT H 47 R BB TE 2 AR IAESE R E1 7Y,
MHLASF B PR R N R 2 2

Kunze et al.® 557 7 “KWH 3 (long-term autonomy)” & :
Sk, WP — ARG E FRE R R, XA TRERITTERED
WA KA ERMERNERWET REMERIRE. £2
R H S AT 2L, MELAH—27 KR 07 A0 RE AT, RS
()G R SRS A . QRIS KIH A Esisch T
SR ) R
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When a fully modelled robot is deployed in a completely known,
static environment, the challenge of long-term autonomy (LTA)
reduces to one of robustness, i.e., enabling the robot to remain

operational for as long as possible!*°.

2.1.2 APLREARRE RGN A 1Y%

FANEZ R LR T H BB WA &, B A
TR SCHRRMRRAATEIR RE Sy o XM SR Xt i . R aE R, (H[R
WRMELAE R . AR, W AVIRGEERERX - FrEXSR,
FRATR TR —FlAR R B8 T2 f 2w ) SR e X (e 2.2), H
RO RS IR A% B RS B ERE TR T 22, HIRATm
SE AV T I 30t B B R AT AR RS R E g, X ANLR A
RERGUH A GE H TR E BAL AR 55 ) BAT A M (E

.. a perhaps more useful working definition of an autonomous
system is that a system has high or low degree or level of au-
tonomy regarding a goal. By high degree/level of autonomy it
is meant that the degree/level of human intervention (or perhaps
intervention by other engineered systems) is low, while by low de-

gree/level of autonomy, a high degree/level of human intervention

is implied'®”!.

2.2 ANWLIRA R RE RS H P2 A A g Ass ]

ARET AP AFNE A 2 (RR) =R & 454208
BB TANRESFAAKER BARAATE, A89ETH A ALK
OISR AT & B AT R R AT E 000 E . £ ey, AVURS
i ime st (BR) SRIAIEBH ZTAWRSTRAL
B AR AT, BT AT AT R R AT 309 A *

)

H T REETE AT B E A AR S BT A, FATIC e L 2.2 i
S NFHLAR Y H =S mA 3 shib 2365 5108 Ap, An 1 Ao, A
PLER BT A ATRERY H ook (R “Fai”) P asach Q, M Q.
WE R BER T A T RE H AL sE (R “Fat”) BT air = Q.
B A, CQpy, An CQpy Ao C Qoo
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R PER, 22 m e L 2.2 I ST R R
—IARIEA iR . i, A D i AHUR G R BER SR HARREC, &
Fer AR R A Sk 2 Ao B AL

Ao = {aolao € Qo, Jnm(ao) > 0} (2.1)

e, APURE H EREM A2 A 20485 KR
GRS ZEM B AL IR A . XIS X 2.2 — 2, HEnt
a7 RO H R R A R R L

T ZE AL B R A, AT E X

AwyInm = Inm(an) = In.m(ag) (2.2a)
AaIim = Inm(@m) = Jnm(agp) (2.2b)
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A ={anlan € Qp, A, Jn;m = 0} (2.32)
A = A{amlam € Q. Ay, Jn.m > 0} (2.3b)
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LTI BINAGE, SRR AT AR T BRI, SINLE LB S, (BRI R )
HITERY, XPGE TRAIX RGNS BRI L D, AR R mIREPLE 1 L2 MR, 14
BIEIAKAE Ty, R B HUERTE T -

R AR A SR ag . NRIBLERE A 03K an Bl a, #R AR AR BER ST —RE
PRI ARSI e, ORI T RIS, AR SO R IR . X th ] I A RE
TIEAE 2.9 ag AW GHME.

SUUE R REA 220, (H BB AT ARSI F SRR ag fEECR BN, SRR Tt E 2
WIFrRY, RIS IANFILE A RERY H B9 BT TE -

SYRIRRAL iy FR . WHIEHF Ji BUFAFEANGR KB QRN T BRI BEL, WAL
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IR 2.2) Bty E B2 . X—B At 5 L 229 Bt
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ay,(6) = MBIREE B & R R FOHRIRT AERBAIAN)

3.3 NMERHN: ABLARGE NG PLER 3L 22 5

ARITAEIR A 2 (B AR A R B HE 2R T 2% B B AR A IR A
PUR G B RE ARG L HRms . SNSRI, iz 6l iy 6 es
B Bo AHHEATRMIEX, B IR A S A PSR BERS 20501 A
Pl H B ARE] . (FXIER It HE vk R BT REIL T A
P BN s SR R G PR s TR B ) S ) e R A
FANHENAL AN G B BER G HARREL Jnm BHEONA A U0HEEATE
A R A g2 il 4 XA AE T e 1 e & s Al B — i

3.3.1 HAIL sl

TEH LN G R ARG T, VAR A BT B BT
FAEXB A, HF BARGE R H AR e fE ] REH ATE A BbLa Bl
AR AT, A IE i AFIBLER 25 B /Y B 20t — 22 UKEh — MR iy
SR A R R R T A AR LS. IR G A2 H s
BT B L il ) S 2R 37 55

ICEAI R ARG R BERGH B BB G288 A, %
Wear s itk il A2

A = Ap X A (3.15)



76 % 3F AT MRS TN fel A RyIRITHESR

By, ARSI AR G- RERSMN A B G218 h AW
H S RIS B B2 E IS A FER R B R A 2
AN AL I A BV E 2SBS0, g T T HEA I
PEd BT ERORAY B HE

E—H, BEAIL R ARG E RER SR RN E Tk A
e s oy R

oty =g W i (o) 316
sHm h,m

Hp ARG a5,
aifm = ﬁ@(aha am)a ap € ﬂh, a, € ﬂm (317)

HERESNAALERIARE, FA LS 1 EAR I = H i AR S
RER SRR ANL B BB G H R e U fid, HIFARES LA
HAIE A A A I A fid -

BoFE N, BRI HRIEANLE FERAGEFERS LT A i
AR, Rl

Tnm (@) 2 Tnm(ay ) = max{Jy m(ajn) Jnm(ajin)} (3.18)

& 135 AL Pl A G SEP] w
A 3.0 P, BT ANRE BRI T 69 f RIS ) fe IR b
HRBATT Tk
BEM@aYITE, %4, ik )X B e A AIUR S BIE A
Gy kR B AR, X (3.15), EAREFIEHTZAKNA ZN
e R THRXME AT

Ao = {an = AN BBIE RS X {a, = B R A ERER )

K, (3.16) b 40 A2 B8 R AML B 20420 Hob

\. J

3.3.2 yr el

FEHEA L2 i b, AHIALAS I D SRR RT3 B B a1
RIS N IR SHL, I A NS AL Al ] i
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MAXSTI B B, WSS AR A B ARG B B RS
RS F AR T RS S e — Ak

AL SR R AR A RE R SR H BRGS0 A, %
WeEr s ] Ak il R A3 2

M\

ﬂfl{’m = span(Ay, A,,) X span(Ay,, A,,) (3.19)

Wl ivt, TEY et aihilh, AL Al — & 1) B 42 1m B
SRS 2 B R BUE, AT 1 2 SRS H

It 0, PRI R ARG B AL RN E A
Pl sms i A5

al =arg  max Jya(al, (3.20)
(ahsam)e»ﬂiym
Ho ANHLRE DK a3,
ay’, = Bo(an, am), an, am € span(Ay, A,,) (3.21)

HoE M, IR R R AL A SR T BT HAh
B AP, B

Jh,m(aff;,) > Jpm(ayn) = Jnm(as ) = max{Jy (@), Jnm(ay)}

(3.22)

il 3.6 ABLIEA B e 3t bl \
) 31, BAVTAIRES BRI T a9 f EHIKE DR ks
A RHATT Tk
BEA @I, A% A, ik 2L B 893 A ANURE B I A
RAGER B AR, #BX(G19), BV REFIEH TiZARNA LN
REZRTHXAE AT X

AL = {an = AT Rea BROEE) X {an = AWLT 89 B 5% k% )

A WATRER A E R ZWIER, B A, = Qu X Qe X —TBERGE RN, ek
WL B B A B PSR AT REAER A B USRI SRR . R R REHERR X
—HfEME, EATRAREILI R, RIEFTRM BN, BIRAEAR A PR AR % 18X — AT e
,ﬁo
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R, (3.16) P a4t B T dx A 0 AN G IR AT ) R ok
/35)%/{ LJ;E4K %jj. ']é]/] ]‘i%/ﬂ‘i4ﬁ/ﬂ—[:5“, /\XEXT}}i’ﬁL Wké]’]

WEFREZ A M) | THIREZR A FH#AT ¢

34 A/

AL T ARG A8 RGBT/ A& il A0t g il i BL A 15
A A R SO N N B 7l SR S s ) 7= W e AN 4 56 7 N R O A
AFEHIFT CNAEFRNT 0y g il i B B R SE 0 vl i — 5 5% )5
[T

A 55575 SR

[55] ABBINK D A, CARLSON T, MULDER M, et al. A Topology of
Shared Control Systems—Finding Common Ground in Diversity[J].
IEEE Trans. Hum.-Mach. Syst., 2018, 48(5): 509-525 (5| A 7i: 29, 31,
34, 64, 234).

[64] GOPINATH D, JAIN S, ARGALL B D. Human-in-the-Loop Optimiza-
tion of Shared Autonomy in Assistive Robotics[J]. IEEE Robot. Autom.
Lett., 2016, 2(1): 247-254 (5| 11: 33, 69).



9545 AR WREEE AT
1195 ek 2

~

%2 Fi/E, AMRESFRAALNBESIERAAFNEN A
FMHEEFe g TRAF AR, WA IR LB L P
BB, B 2Ry E T, BN ENEFRALA L
MOAREF WA AL IR AL, ERAE—ERT, &
FIRERTRESF T H R TRAHE T 28 FA, A AN
REFRARTHEN A T RRBT TR H &,

AFFD 41 THRIKITRAF ] FH LT 230G LB,
e Mot 5 AR P X — AR IR 75, REES 427 Bk
BT AT N et M AR 2] B R 5 3] R AR e b e LAY R R ik
#.3% Probabilistic Backpropagation 7 ;% . Bayes by Backprop 7 i% #=
MC-dropout %%, &G, © 437 #t—FFFNBT LR RHA LT
P %) B 1 5% AL 5] R A IR BERNAR & Ao 3h S5 F 7 @ ey A
R v

4.1 (i A BLIR AT RE RGP 27 I A PR
2 i

FERE S 23T I ANUR AR RERSE, R e =3, HAR
BRE. ATMKBERMLEE REAAGE LR R, 4R A WURG B RER S BOT
A% DAE T AT e N B BEANBILAR 3 BB Z 1RIUEAT Wb , 1T v g S
SAET A BHE T HAMATEE. H—Pr, 1w 228 X 2.3%
FATRFANSHLE R GE P AT ENES A SR RER, AT

AR PHGTIRE KB REE B
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ARG BB R G ARWLAR 1 B FE2S B E B A St e X,
HFJe2o0 | B RAR A e A e, ST AVIEARER
S e R AR S MR A NEZE . FE X — A HESE Hr , nfarxt A RIBLER Y
FEPEEA T 2 ) A

TEB 2.6 h FATHE R WRE B S A E R A s e AR
AR A T ot — R D BB | v, B T B2
e ErEr . AT EREZIE YIRS R R ML R RER | £, 8L
TEHFPEA T ASEA R EME ST, RE I BENAE N, T2
ST A & .

SEN IR B AR — A PR R S B SRR BkE
it —FpAEEER A Ty A0 R R B R U 2R ) 1R 2 M B S8, BXS
B AT 0 SR 2 5 A i 2 S e ) R R S = k. R,
SMPIREE S ) YA, ATH AT DS B BEAL ik t, XX — i
RS FRE BEXE AP T .

S RF X — R — A 2@ R T D B AR, X AR
WY E S FEVUMITHEZE S, URBE 24> AR 58 P T 43 A 2E ST (4R
AN TR BN 2 1 . IR IR T2 T A T 88 P AN 12k
FE BRI e [ A A S, — O R T I A T PRORS B R DA B £k
P SR S AT LA Ak A v M R T P AR R 2 . ARLBUR M R PR AR AR
B A 2V, WHFR ISR E EBOA I & M, HAR X ] 4y
AW — AR E T, BIFETE R AT BE AL AL RE A R 45 2 1 K
P, AEANTf A B A% A A R — PP B 540 s — 2 RO I 5 1) e (R 2
BT E I, BITEIE & AL S AN o 1R IR 28 BAK I S 80001727 > il
T o AESAAN E PEARITA SN 2 1 W] DA SO Ao e 1, BVBEALEAR
JE o PN PEFE R A T DAY N TAFAE X 51 X TR E T,
T AT FRIETHd & IR IR, TR ZE DR R WAETE
[y, PR RP R o 22 85t R BB /N XA AIANI S, %A
S 5 22 B0 T DAGE A [R] A ASE 28 55 g i 2 O [R] A ABE 28 2 50 R ) MR R 25 5
WEZE S, MITHS BRI e 8 A itk [R]BHsisi/ N TIAHIAS o 2 1

e DL $r 2 5 ) 314 22 1) 26 45 2 T Geoffrey E Hinton™! £ 25 i
SRR 7 (Hamiltonian Monte Carlo, HMC) 7516 i A0 TAE, % L
VE(HS /R ] R e 224 K% 7% (Markov Chain Monte Carlo, MCMC) —
FERCRHA 2 W 28 HEBR AR 3. i 797 HMC HE4, Chen et al.”™ 5]
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AN T FEHUER B 2 5 52 45 K98 775 (Stochastic Gradient Hamiltonian Monte
Carlo, SGHMC) , i@ i DU o (i FHBEHLBEEE . 42+ T HMC Jrik
R RYEFIZ AR J1 . VBN —FRBERIS ¥, SGHMC %R TE 55 /INME K
AT TR, XTES B 2GRS . BRI, MCMC
BLE R EREAE B, TR, T HA RERERN K &
SR B 2 I 28 SR B E AT . TERRZE R 25 rh, MCMC HEFEY
—Fp R ¥ & Mackay®™” $2 H iR Bl (Laplace Approximation ).
SR, 3z 0 e oL 75 BT SR AL SR () AR AR R A 39, XA K 2 ) 2%
O ARFATHY

ANFET FIRM SR RIg s, Graves®! $ T — i 2 0 25 (g ml fif
Ai7e sy e (Variational Inference, VI) J5ik, 1% ERCRAL T HH 4 M 4510
FRAUSRAY N A 3XAS T SR S ZORTE w0 i ARSI SRS e 4 1
XTI R, S TE— I L T 2 E DAL BRAY , EF5%X— )/, Graves™'!
P T FF RIS R TR, SRS RENL B T % (Stochastic
gradient descent, SGD) 55 AN IR A

TEARTGLEWIT, FRATREG ST DL -SrAsE 28 220 i % 132 2 ) Ao o Pk
(LA M ¥ S A E SR A2 > v i B R SE N 4

K1 DU 0T B R 22l g P38 7 ) ANt PE AR LA AR
P51k
A A=A SR M T D20 2 VR

EMER Y, Bl Probabilistic Backpropagation, Bayes by Backprop £l MC-
dropout,

4.2.1 Probabilistic Backpropagation Jj i}

TE W B 44 (Expectation Propagation )°?! 3l |, Herndndez-Lobato
et al. 1 P T BT AR S BB A AR s, RO S ) 4%
#% (Probabilistic Backpropagation, PBP) . % iz [ f£4& % () 28 H i A B AN
A AT, TR 72— 4 5 30 ek 5O (DA [ A R P 3 5 0 B 40
o 5 RMERREAL, RSB . 7R85B, fiA
Bt M g R . AR, BT ACE TSR, R
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A2 BEALIFIME AT SR 20 i o R S i) 1 4% ) — 4 — 4t w07 R IOk A
VORI SE A7, 388 S 17 ol B S (E RN O 22 5 E AT G A A ]
eI — P Br s, MR R AR B R B TR 2, T H AR
(R ZARR A X EL . FESE BB, X ASRTEE T 3 S 56 i 3 (BN
Ty ZERIBR BE R S AR 4, SR G S SRR — R . X S R B
oK BT e oA (AR 3B R 22

TEN PR R IR 2 1, FRATTE TR NSRS M B8 . 25
SEH D YEFFAE AR x, € RP FIRIRT N A B AREE R ya € R FIAG LA S 46
D = {xp v}, HHy, e RUTH yu = f(xs W) + €, 135, f(4W) TR
WE R W 2 22 & 5, B0 28 2 A PEAS 0l B m i e 7= A% i e
FFBR, HH €, ~ N0,y . MZMEILE L2, V25 1255
W = W}, FREERZINELRE V, x (Vi + 1) EA, 75 417
FREE TR 2N E R (blas). 2y FORERN y. N i, X
FORFFE & x, B9 N x D JERE, W SEFMERE W, BEERSEE v DASCER
& D = (X,y) WA N:

N
pOIW. X, y) = [[NGulf G W),y ™) (4.1)
n=1
SRR, THEA WA AT M P R TE R E — A
SR A

L V, Vi 1+l

pWhy) =TT1I TI M(w:jal0.27") (4.2)
=1 i=1 j=1
Hr, A @—MEESE, HERSMIRM p(1) = Gam(2ag, B3). F35b,
WEFEAE Ry B SEER 1A p(y) = Gam(yla], B)) .
LD, TR SHOW .y, ARG

pOIW, X, v)p(Wly)p(D)p(y)
r(yI1X)

Her p(y|X) 2H—bEE DR & x., ARSI 4
v B

p(W,y,4|D) =

(4.3)

p(y.lx.,D) = / p(ylx, W, y)p(w,y, )dydidW 4.4)
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HA p(yalx, Woy) = N(yl f(x0), )0 28100, RZEELT p(W,y, D) F
p(yobx.) RMELATISRRY, ik, FESCERBAI A, AAUR AR -

AR 23 1] A2 7% T (82 1Y ) BRI U0 A 2 e S Y I 1o A B Sk B L Y
TER R R RO ETT ) B SEHTX —hnifE2B 9K B, BN T w1
TR PER: Ak f(w) R4 i BN S w S — ME R A pR
e, WMFRTARE w BEEARR N g(w) = N(wlm,v). WEEE]
Bllaie, R w g AE ]y DU A0 00 B -

s(w) = Z7L f(w)N(w|m, v) 4.5)

Hrp Z BIA— w8, s(w) A —NERIER, ARFEN, #E
w5 HAGHEIE M g KRl —RENETSm g™ (w) =
N(w|m™¥,v*v), @it f/ME s 5 ¢ 8] KL #% (Kullback-Leibler
divergence ), RJFE] m"™ F1 v B EFHEN LR -

dlogZ
m"™ =m + v& (4.6)

om
BlogZ) 2('j‘I;)‘g}Z] @)
X—HHMGRIE T ¢ 5 s PIASTA A R RS (A T 22
R S ) Al e —FoR (4.3) FRalm (B 28 190 28 R A I 6 6 HE By
%, HHET20R:
LV, Vii+l

qW.y. ) = [[ [T TT N@ijilmiji.vij0) x Gam(yla?, g¥)Gam(d)]a”, 8]

I=1 i=1 j=1

VI =y —v?[(

4.8)

R B i gl X (4.3) 3P TR T, FHRUCR X e T &
TR 4.8) Tl . BoHFA 42 FREREARGIHE g T, mija.
vijx BTEHEAER (4.6) FIK 4.7). ot 55 B BYSEFUN R :

al, =122,Z7*(a* + 1) /a* - 1.0]™" (4.9)

new [ZZZ (a +1)/ﬁ leila’/l/ﬂ/l]i1 (410)

Hr Z 2 s BRI T, Z0 F1 2o 2352 q PRISEC ot BEm—A Ry
AEALLI AR EALIN 1o FERCERAR b, Z Wl i R el

Z ~ N(m;j 0,8/ (a* = 1) + v, ) 4.11)
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H Z BEHIEE Z, . Zo Fllog Z I, fRA (4.6), (4.7). (4.9). (4.10)
A% g FHTHI S,

BR @) PRAEELER g b, SLZEEM, mp. v 05
PR 4.6 MR @), o 5 p WEFUEA 4.9) AR @.10), 1
20 = falW) ~ N(me,vir) S8BT, Z i TR

Z ~ N(yn|lm®, B /(a’ = 1) + vE) 4.12)

TERRR B AR S B, R BOE R R BEAYATY, RIESE—UCHy
R @2) PRHRFERRZ G, FTEXHX @.8) PR MIESE m;.
HEMEEGALEN, (EHH FORAF(EAEN €50, €70 ~ N0, 1/ (Vi + 1)) X
RALL T 22 W 2% R BUEL R BEATL I A Ak, 38 R 8 1) B 1) A5~ 2 BT S8
Jio

4.2.2 Bayes by Backprop Jjik

i1 Google DeepMind # i} [t Bayes by Backprop® & —fhm %k H. 5 %
] (% R AT Y = 2T A 22 W 8 BLE AR R A R SR . B i B 48 I 28 25
D RARE: R UK = SN VA 3¢ B = = 2 1 Wi A k= 2 11 P S S = (TSR N
AL PPAG I 280 T AR e I, ATITXT IR AR B 2S5 L T 5 B0 Efi
g T HIER P E . Bayes by Backprop i i il I 22 73 DU -2 > 75 [ 2%
B B 5| AN R A e 3 A T A0, Ao 22 00 28 ) B E P RE R L)
MRS HRIR, AR AT E . Zr BN R, Tl
Z— MG ES, HPE A MEHBERH — M=, 22T
G3fte HHABER T EARRE R, EEEE RS EE B,
AR BE 1 0 M 52 R R Al T R U R 0 BR A B 8

25 e N REAE e, A2 0 28 ) DU B SEAUE Y 5 35 431 P(w| D),
TR x., JE I SR EROC T M 70 1 0T R 45 s i -

P(y.|x.) = Epwip) [P(y<lx., w)] (4.13)

EAUEM G IR FRINBR SN T LS 2 E MG mEA, X6
FATARTSE F ) 22 P 25 A S ME DAAL B o AR il 51 A q(wl6) SRl
P(w|D), HHi@ i/ Mb =3 a0 KL 5% (Kullback-Leibler divergence ) 53+
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Eiasdue 2K

6" = argmin KL[g(w|0)]|P(w|D)]

_ q(w|6)
_ argmeln/q(WW) log 50 PO

= argmin KL[g(w|0)|[P(W)] = Ey (o) [log P(D[w)]

dw

AR 2K BR B — PR 754> H 18 (Variational Free Energy ) B3 122
% (Expected Lower Bound), icfE:

F(D|6) = KL[q(w|0)||P(w)] = Eg(w0) [log P(D|w)] (4.14)
A SRRV A T AR -
F(D,0) ~ > logq(w|0) - log P(w”) —log P(D|w") (4.15)

i=1

TR I3 IS e X A e e A, AR AL w B R A T e AR IE A
MAREE, FPREIIE 1 IR EASIER o 155]. NfARHEE o JEfL, IF
HAHZHAN o = log(1+e?), PFrLAZIIBHCN 0 = (1, p) . BRI
SUEEY I

$T3: 4.1 5L T Bayes by Backprop [y i1 o 45 1% F ()25 43 S 45 i ik
1. RAEf5E e, e ~N(O,1)
2 AWEw=pu+log(l+e)oe
3 B0 = (1, p)
4 A f(w,0) =logq(w|0) —log P(w)P(D|w)
s X TR A, = 2ont) | 210
6 WWHXTARMEESH p HIBHIE: A = A n.0) e 4 A0
» WS BEC 1 adyp e poah,

4.2.3 MC dropout Jji}

Gal et al.™*! # 1 fy) Monte-Carlo Dropout 75, f&j# MC dropout, &—
Fh A DU BRE 1 % Y dropout!®! #iif# 173X, Dropout J&—Fp) 72 FH Y
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EG I8 N 283 BERU AT I ¥, TR S M BRI — 2 (RS
HIZ ) 1 BTC AT R AR R AL 2 75—« PR, {7 dropout )i 25
1) 72 MJELGE T 28 v BB 25 Bt — SR FRTT IR TE U TN 45 . 5704 I 2% vh
[14) S BT ) ok P AN 5 LA M) FE 5 2 X I R I 5 2, T AN
FEWE T IO DA 0 MBS — AN IEHR, TR CEFEE
SEXTRAE ) —FhFERAE, SEt_FAH Y T3 T2 BT BENLREAS , T8 i 3
FAEA R DRHE KB I B . %55 dropout JU@ S 1kt G i 28]
G, WA EME—FEERL (ensemble) J53, {HH T dropout A
RHH AR EIEN, AT MAEEFE. Aid, Galetal®)
UERA T 4 2R dropout 53 (B9 , W] DAKE dropout AR Ay I FE 15
Wi F g DI Rl X%k MC dropout. {i ] MC dropout AFH 21
MO (R N A, LT B 22 I A5 iy dropout 2. FEYIZRRY
fHe, MC dropout [ ZEBLFE X AIARHE dropout A A K R, 5 I8 IE #A5
BN RN AT o RS AE TR, FER0 &R R, #hZE Mg
1) dropout ;& A AE K MY . MC dropout f{) 54 ¥ J7 ¥R AL 75 20 ] —
AN AR T2 R BT KR, [AIIAE dropout AR TR AT DAMSE] “AN[H]
e AT R E TN O S T R =R R SRS W= TR S
BB TR 25 5 BN 5

Ay Fm—A L ZWHE M H L, $KEEE(, ) A softmax 45}
REE PR e i=1,2,.., L2, R K x Ko ERCEEFECE
Wi, K; Z’Mﬁﬁﬁﬂ%iﬂﬂf bio FFHIA x;, (i=12,..,N) &EW’J‘J‘JE/J%E'CH Vi
ICVEREA X, Yo XA MG MAL TN — Ly IENET, AUE MR ECH
A, WK eRECH -

N L
1 —~
Laropou = > E(yi,y)+4 Y (IWil3 +11b11)
i=1

i=1

LREMSEEI A p(w) ~ N(0,1/1%), VBRI A AR = 2>
ik

POy X.Y) = / POyl w)p (W] X, V)dw 4.16)
P()’|X,W) :N(y;j;(x’w)sT_llD) (417)

TE DUMTREE 2 > v, Sl AU 3 g (w) AR A CHE A B ) 5
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JE% p(wIX,Y), BB~ E) Y KL HUE :
—/‘](W) log p(Y|X, w)dw + KL(q(w)||p(w)) (4.18)

RS —TE o R
N
—Z/q(W)logp(ynlxn,W)dw (4.19)
n=1

XS w, ~ g(w) MZERF RIS TEMmAGTT - log p(yalx., wa) K
LI, XPTE I, 24 A, 1L T Al dropout il p SEAG &
A

_pr
B, _Iﬁ%:mﬁﬂu%z (2L || M |12 + il 2) o SR HEA TR DA
HEL 1/ NT 155

13) 4.21)

logp(ynlxn Wn) pil?
LGPMcocNZ Z( M +

n=1

TR BREL E (s Y (X, Wn)) = —1og p(yulxn, Wa) /7, WAL Lopmc
SENTARAL Laropour, RISEBLT BT dropout {5 1 28 (4 2% 4540 T DL
Wrh e Mg, [RHRT A A g R A IR B AN A S

XFF TR X, AR T \ﬁfﬁl_ﬂ—F_tﬁ‘@J-

a7 ) = / PO X w)g(w)dw 4.22)

AEPTM AT SR BE I dropout | HRERTTA &G HEST T U, BRI LA R4
PR AL 1) T i S A 3 (BRI 22

T
* 1 >k *
Eqoriey (V) = 72 )T (0 Wi, W) (4.23)
_ T
% -1 1 k% t t\T ¢ t t
Varg (e x (y") = 77 Ip + T Zy (X", Wi, W)y (x5, Wi, W) (4.24)

t=1

= Eq(y 1) ) Eq(y i) () (4.25)
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BRI PEAE AR 22 2T v i i

BERURHf & PEAE A2 ) h A R E PO fEsieaE o, MR
BEAAS [ FRPPRAS HRATAN R (4 2R Jaly - He o it 2 o ) % (0T R 2
il KAl o ACHRR I 25 T Ay Gk 9 AR I R IR, IR L gty
KL RINFTEN. V2 iR ) BRI R C 58 B RIS AR
Befd S, AR ™ E IR 5 2 S PR EREE iy Al A (EOR eI SR
AREH, WERR TR . P MG RIAEE TEE R, A ACEE
AT DA S R A T A A A2l A A IR R R FR5

SAL S ST ISR FE b B T T e AR AN R PR R AN E
PR ER R AT 18- I BR AN SR BE R TR o AR SRR AS A 7
TE 5 A2 > PR R R R Bl A s S T 77 T R AT A 4, AR s
FORANH E MR A R A

4.3.1 jlid AR BN P REDR A SR

TEsAbE ], RERFR BRI — R YA T8 R B AL B AR 2Ll , 44K
AR T AR, 2 RRE M Knirsh, @28 &HIE
WA KU AR R AR MRS TS), B w W “IRR” 5 “FM” W
SRR, WA TR AIRRET — B i S Ak Rk, B
PIRFIE A AR T Z a2 ik, B RZHE N AR/ RS
] ) Ty R AT R SR R T, FER 2RI A E . Bt HEiTRHL
R R Ab 2 > W AR TR S HRR R, H R 5 A TR R .

Osband et al.””! ¥4 4l (bootstrapping) 753 H T Q-learning [¥]
2% (Deep Q-learning Network, DQN) i, | HEEALYI 4R 10 I B B 7525 DA
TR T AR X1 22 0 48 04T S A R B  PEAG T, TR 3% AN
PEATH T AR E . B B — M RS T R AR S ik, A
A BRI FEAR I 2 h Z2 B AAE, S FEA LR 1. R
WEAMWFEAR/NA N, TEFERARPA R R, fE N ), FxX N
MERBIRE W — D FEEA . EE Bkt e Bk, 53 B A~
B EEEA, A X S A T AT AR A — A

H 8 DQN (Bootstrapped DQN) J&—FEa H Al § I 7, AT
RBUTREE 28 0 28 A2 I BAEAS . o R 28 2840 2 — M0 8E K AN hsr
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1 1 Bl S ) 5 P LS B A I 4 U R Y B B TR A
N, JLZ M Zg2a ) FrA BRI R G RF RN, XAER M Z 2U B oA 12
FHOTRIL S, BN GRS Z A 2 R, AT S A B
A PAFE— A B — [ i ) A3 TR S ROt 2k BB AN 2 —
AEAEA Y dropout,  HrpEEASE SR 451 dropout HERS XS T4 EdiE
MR E R o

FEMRES s i, REUTEN a Jo PSRN o iR m BT R ¥0E
o

0" (5,a) 1= Eyax[»_7'r] (4.26)
t=1

Hrpy(e (0,1) @IrMmAL. KMEILHE Q' (s, a) == max, Q7 (s,a), Il
ﬁﬁ%ﬂ%Lﬁﬁﬁ 1t Q-learning ', Bt WZIRES 5, 1780 a0 &
Fre AN —IZIAPIRES 5000, RSN -

i1 — 0, +a(y2 = Q(s1,a:36,)) Vo Q(s1,a:56;) (4.27)

Horp o 223,y SR HARE ro+y max, Q(s,a307), 07 IR %S
¥, H 6 =0'. [B)DQN it DQN, FIf [ Byl O M5 fi. 16
HF—%% (episode) FFUR I}, H B DQN M O {HIPIL UG 56 Hh 31T — UCRAE
RIS, AR TR A A FE 00 7] SRR Yot 4 RF A S5 P A . LR SC BRI K
AT 245 43 B0 S R AREAS piiad 1] B RAEAS B AR AR, AT
L K AMERRR Q1 oy Ok FEHEFFIAIT MR I T 0E AN B

AR R R EEM N (6140 s mE a5 AT ) b, FRTEsy
WAL DL, 38 Ay ) B BL BB RS 45 th TSR A TN U B e, i)
TRFERSEE L A 8 PEAG T A REA RO SRk B 3. 7 H R
For, e R A AN S T DA I RS 201 2 S R L
ffiio Lotjens et al.l"®! §i i T BTN s MG VT A S AR S0, o MC-
Dropout #/ Bootstrapping [ J T3 fb=#~J , AR AT ABRATAS AR AN 04k
PR EPERE T, A TAERFNERGE AR 224478l .l ffiX 28
TR B B 2 A s ST HE S A R DAEA T N R FEE R A AN A 7
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TN S, AT T — A 3 G 43 1) SR WS SR 2 X A I ) A7 O, I TR
ke B S AT AT A

2 B0 Ak R S A A TN R T A R VA R AR S A B U
WA RS, AL 2 B A 0 A B RGERE S, —41 LSTM M 2% n 1
M —2H 2 3o, Ho+p i ] MC-Dropout {1 Bootstrapping 3k
B B A A A1 o IR LEFIIN A AR B BT SR A I (E E(Peon)
28 Var(Peon)o FATHL, F— A ERMBIAGT A &Pz g oo
KB H AR E] g FE F—FrE, WEBH/MIKIZENITC vt HAEHRE T
PAT, RIGAAEEAG T — I, I ARG AR R Rl EAR LS . 7E—4
W2 S5, TARERI LA W, I Ghid Rk iE T .

BB EN TR ) — 41 LSTM W 28 85 &k 0 | FA4 o 2%
T 38§ R B PPAN 2 3l o iR 3 -

Piou = Pi(lcoll = 1|0t—l:t—l’ Ors Ur—[:1-15 ut:t+h) (4.28)

Horp Leon BREEARS, 0rppmr ABIEE [ASBIEIZER TSI, o, /224
WEL, g LR —FRINTE, wpren R KER b FFTAEREZE T,
S AL 2 S FCBIAE A AT I A BR5E s AT, HEEWRIAT AR .
FpAR, WL 2SRt Erom by > RS B ARIAIX O & . 323070 urpen
Wl EREEIT U WoeE. TCIe KT, ERRE— A2
KRR EEE T, EBIFHRA .

R 042 i 25 DA Se/ D B A AN e e A is 3l e

Uy = argmin(4, Vary (PLoy) + AEN (PL) + Agtooar) (4.29)

BRI 4 il e 25 T T AR AR, AT S N 22 4= A 73l . 53X
TR R TR 45 H IR A, BEER PRI A T A FEASAL
LM AEn (Plyy) KT WTACHT Agtpon s TEMLRIIRE, 1 BEREG AT E
PES R RS, BEHADESR B SR LR . 5350, FER R bRy 2
ARG BTV PR AR 2R, it — 2 R RT3
FIFPA Ay JTFUGRHLR /NN, (TR E I S B ) A A 2R AN A S M e 47
WA RORR , ATCHRE RS .
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s B TSR R R AR SR R A th 2 B, X — 7 THI
EA KRBT SRR
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A v il 2
BERABIEIHAVRETRALN G ZHIZIER P, 4

G3t B M RBATAH KA R ZEABIERMAES IR A @ T
TRAGKETR. Ak, EF 4T FPERMNCEZTRTIEAMES
K EIRFNREF I B ARG TA T2 &, EAFTE, K3
—Fdest § A RPN AT IRY EE R E AVURES AR A
WA R T, AMAEERER THARH S0 —M T EER.

AFOATAEMRARAZH AR GZ, AAFENIAN
FHAERT: % 5.1.1 FAHLBA R § A RPZHRAHE AT A8d
AT AEMAN” AR, F512 5408488 M
AR AV EARACTRACT: ST Fikng CAMAME” _A5F; B —FF N
EEFTEHFIERT: %52 FA%BHAR A LA FMRACK T RN
Hlag AN TR BAYR, v

5.1 4 AP R B L S dRA e e i ]

AATNZILER I ANFIAS AN WFRAS [ /e A28 T 1 B 324
WL E R AR Tk, P sl 5. L1 e Y ANBIHESE R
A A D F A E AL R AR B/ NI, 26 5.1.2 FHE AT AL
FRHEZS R A Sl B A s fh 2y > Sk

RELLTRE KA. T B
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5.1.1 BLERST AN P A VRS ADE DL LS RN it e/ TP

BT 32,079, ATEIGN AN T IHE B BB HETE,
FERFRAF R FE BN TR /N T B AR AR g . E 5N
PLESA AN AR H 0 EF Ik, RIandl—Kpla 15
A B N SE5E i T AR LAS B/ 0o L S ik, e dlhifr B
FUWTIT IR 45 b O A 73k o

BLES AT A NG5 N A e B

R NMES b, A— B T Ergon ey B B, &
Gl ERER, EXFEILT, AV AR R EIE A R
FIFARE BN, O AT AL ES G . H A R A2 4 H AR
I SIS W (N IR S8 R DS IS USSR N W 2
2 B Bl AR G A A B TR IR SR TS L, FEIX IS Y
BT, ol R AR E R T IR R B A A
XA FAl e S o] AR ERY, XA LU A ki SO E A AL
HMESRIS BT R, A, RYE A S SR E A H SR IR
EA AR BT FEA T L2 IR TR AR e 2 KR oL, H
TR FRA L R RGN AZACRY, TEXFE LT B v A E
AP ERIS B2 S A Y, XA LER Y A SRSB4 v
RTTE

bk B A F A E AN ER IS SO TR S35, A ¢ A
i S AR E W OB AR AR 2 RGUIRES () MIPHEXTR
MIHIEAT C(s(1), an(®) T, FHEAFFANLRGILF HAR Ty (s (1), @i (1))
% (XH5REARSMAFRIELHE) BR8N by (1)

by (1) =arg min_ Inm(s(1),an(1)) (5.1a)
ap(t)eEA,

s. t. C(s(1),an(1)) <0 (5.1b)

FARERAER (5.1a) W, 8 SRR AR B ML S KA i ME
H AR R E AT 5 AHLRGEA B 14 S5 KA B 5/ M H AR R A AT o IR B
R, XA B B RS 3 D FR IR AR E 2 (8 H A el B
ZEMATEINES
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AR N H A AE e TS L S L FERE S. 1P, A
A S BRI AR A AR X R K BT A AR B, 2R
T 22 0 2% R B AT A A R A TE LA S 6 £ R T A g e i (R
BEPLIR LRI R IFEA BB INE ) . TERGIBATIERE T, FIEET 2R
FAEXS N AT AT FIN, 2 S5 MW A A AR A SO
AR NI ATEATICRS, H A2 R EN (45 H ARR X (5. 1a) BB
WA AAT R (0 LR, PARAL BReRBON B, PRI TR EI 2
TE I /N AR BRI A TR ) FRFE B R 24 i I 205 R GRS RS
VA DN i ol wl S 0 =l N E RN 247

BL SN AN SN AW B BRI
s MR AR B B4 B B, = {ba(0)}s
B ANME M ER 6L ().
B (y~}
2 AT NEITH an(r).
HRAE LR 4515 (5. 1b) 24 Fi B 20 i N RA TR A T 2
R L AR AN A S5 2 22 i) EFUE BT H A i %k
LB, AR Tnm (5(2), an (1)) < Jnm(s(2), bu(2)), W by () = an(t), PA
PAFERA N T BWAR) B R ARAE
s HE IR

w

&

PRUE 22 2 PERIALES fie /> T i)

% B — LA 322 DA B A\ 2858 B H R AR I AL AR e 1,
SALE O] B S ADLRERIPLICR B (B LI R Gty ) « 1
TR E BRI S B RS 4. TEXRANAGERIBITH, K
ZRZI AN RS AR, HEARS AR ET
HELE R GEHRAR M ARG L A PO 1080 WAl B AR GE T 2 S A A LABRAIE
BRI TR IURES. WTAERERIR R, AR ARG
Ry DAL R, LA B R G T T A AE IE AR A B, R
FEETHERNTIRE < dpe/ NSO 108 o @t ALERI R B IE LY,
DA T BEA i T AN A D) 2o HEBE AR HE . 72 1E 3045 DU Ak s
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WAL 1, B SeE UL B AR BB TR 2
to+T
Je(s(t),a(t) = c(s(t),a(t)) (5.2)
Horr Je(s(), a(t)) o [t 10 + T) A R AT
bk ey SO A A R R A
min  J(s(2),a(t)) (5.3a)

a(r)€As (an (1))

st 5(6) = £(s(1), a(t) (5.3b)

Forpos(e) Al a(r) Je NHLAGERPIRES RSB, f R RGBT ALY
ARG Ak R i IR, i E LAMLARSRAE Y HPRE s() h
TERBNR T N ARV PRIEZ R ATEshEge & AL, TERTZ) ¢ A
PRSI ARG A (an (1) (T2 IR RAL B L IR) 72 SO
As PAZHIANRIHIA an (1) NEGHY € B3, Bl

A (an(t)) = {a()lla(t) —an (Il < €,a(t) € Al € [to,t9+T)}  (5.3¢)

Horh e BOELR ARSI BAR R GERF P AE -

AN A EE S OUARSE TR Ry dpe /- Pz il s i

AT EARRT AW A M EFRET R, L ARG TR
Plas/ N T I, Al SCANHLIETR H AR & s

Inm(s(1), an (1)) = J(s(1), a(1)) (5.4)

PRSI, 52, JEREAM B FEHE B By IR R AR
XTGP ANIAT N A A I Lo & FoRLan U A — AR
oAl (Ui 2) oA UMY o M2 AT a(t) INAERL, N A%
RFEH— LA TN -

B0 5 2R AEMR O UAL IR (5.3) Byl AT IMAR B E, B
HEEDAEE (TR PasrmoN T, ERIEZ A,
PRI R H B, SR T RS Rt — il . 8k
HET R B B BRI Tk 5.1 ik . BYARI A B AR PIA -
1) SHSEAT N ELEAN ASRENS s 2) (AR i pseAT N N A ki
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B30 5.2 REA TIN5/ N1 ) D0 A Rk

A B AW 8 2 B By = (b (0} WLEEHIBIVERREE: € ~
UM*N 5 Bii4E store.

Wb MTT ZIPSRAT N a ), FE AR B EE ER bi(0).

1

2 HIAT NEITH an(t),

3: FRPEOCAL I (5.3) M, XTI RAES ZI L
AT H € HATHE, TR R ZELRMPERATH £0) FEALTRSE
store H1,

4 PSR AR B FEPE ERYE BRI (5.4 XA KR ALT A TH
Wre AR Jhm(s(2), an(t)) < Jnm(s(0), bn(1)), AFRNEH AW LT
ZAF, MNREARFEARAE s AR Jim (5(0), an(1)) > Jnm(s(2), bi(2)),
RN A TR, P by (1) 3G an(t).

5: A (5.3a) FISK (5.3¢) $03 store Pdit NKHIA an FATH
E@) , VENRFERIATIIENE a(0).

6: AR (5.4) 3 store PEEES ay, (1) BOZWIATH €(i), THPATEHTY
FIEEEUNISER Cl AR

7. HE JIGER

o TEAGHE SRR, AR E B EFFEE SR 4, B
TAHIEF HARREGR 5.4), B ARSI ALT R an(t) FIREHTRZ A H
e ES HR I AR R B RN, AT ERL S foe/ NI 1, FSExT
NP ANAT AT T 8IS, O 7SI/ N T B, B A IR 3
A2 Y R LY AR AR BLERAT N T R B iR NSk AT N LR AT
A EG), MR ITIENE a(t) (YRR RFATR) . 5
BRIy, 4K store WBE B NSRBI ALT N O LERAT R & (1) DA R4
W2 A B EREE, EETRERIIGER.

i BB BPE TR, FELER A AN SR, R E 3 A A LR
AENOCAC ISR AR AR, BE AT RASC I BT 2 37 8 AR G 8 A 1 A2 A i 4
HEMAG, SCAFT ARG R R, BRSSPI
IS B B2 A«
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5.1.2 N ABLES s AU A B PEA S ADE (R AR AL 7 2 553k

320 e TN () AN RRS IR, fRH A T
Wy s ) N B AR A R AIAL g B ) F2 ek b 5 I A o
B, FEA/NFTRATE MBI B T4 LA HE B A

NI ABLER 3 FALES I 32 PEA 5 A 05 Tk

R Z INPMES S, NEAERORE TR PR G f 2 PR AY
BO A A0 o A R AR A B A e T, AR AR AL AR ARt DA
NEJRSENATENRRIE . SEIR AN AN LKL, X EHLE A
N5, A% ) R Bk WM HE A A e DL 2 5 B T et fe e i)
HEMERA . FRERY, PLESAY B SR R T R 2 SR e nT ARG 2 1, (RFE
WESLPRIEIT, BRALERA B 2t A AU E SRS S &
it

FHTHENANNT S, FERAEHRAH AN AT ST, Pl
TE ¢ W20 P A BT AT S R N TE I RGOIRAS s(r)
FPAERS R LR FAT C(s(1), am(t) T, FHMH AN RS IR H AR
Jum(s(1), am(1)) Fc22 (GX 5 RGEA G HARELA) MIPLERAFT
Bl by (1)

b (t) =arg min  Jp ., (s(t), am(t)) (5.52)
am (1) €A,

s.t. C(s(1),am(1)) <0 (5.5b)

[ ZF BIEEAER (5.52) /1, TRAGHLAS Ay B L S ek
Pesidm/ ME H AR R BT -5 AL R GEA B i i KA B /MU H A R 4L
AT A A R -

EIEXIHLER ) B R R E R IE AT B R 5.3, ERNE 5.3+,
Plas B B0k LSRR IR AT ARIE BT R S M m e T S RS, 5
Bk S 1ZRL, TAE S 22 4 P AL AR A AR T HA S B S 1Y
frpedng: (R BEYUR AR R ABUL S INE) . TERGB T e,
SEIET YRR LS AT AT W, 2 5 A AT A A B A AL 2 14
EFEE b (6) X RLARIYLEATA @, (0) BEATFIWT, B2 4R35
FARBR B (5.52) AL B AIHLER BIE @ (1) (EFTE, PARCRALH
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PREGECH T, TR B YA B A /N AR RO B TR ) R E R
RN 205 R GORAEXT B AL i A B B b (1), EEIT I RE
ZEYNHETR .

Bk 5.3 NN AW RS8P ALY A E il A E
G PRI H 1 B By = (bu(D)} .
Fit: BLEREE B1E B D),
1: EE
2 EA BTN an(t).
HRPELIHEEAFR (5.5b) X4 BT 2L AT b A T e
K 2 LIRS RINLEAT N 55 2 2 hhlge g EAYE BT B AR
PRELI LA, 2R Jpn (s(8), am (D)) < Tnm(s(0), (1)), WU by (1) =
an(t), PASRISEEARRIPLESRY B BIALEsr B E 0 ERRRREAAE
s BLE YIRS

b

»

NBTH B oAby > s

FIE— RN B AR B L& 72 O B AR AFAE R ABLR G 1O,
BB 2 B LIS R (R EZIEEE) . AXA £l R
G AEHSF . XEANRGER S BRI 2T ], (HAEDLE:
AR RE LN RIS, AT E A AMRIEABLR
GER) LA PEAN A AT BER MR BE SR AR . Bl ) BUAE R A IR, WTREEh T BY
RAIPLESE BRI ARG (PR I FIR s EENE) , rTREd T
ALARGEE] TSR RERBEBOT R R AL, AERA 2N, A
R RER MR DL AR AL T e AL R GERE PR REAY T REPED 1 11

IR AN AN, AE S — XL R R A5 & h(2), 2K
EHMANRGRSRIET (T i I R ZA G LA 9.1 77, X
HRAFHOR) Tochling, 52N/ ing

{s(t),am(t),ah(t),r(t),s(t + 1)’ h([)}

Hrs(0), anm (1), an(t),r(1), s(t + 1) 7 HIFoR ¢ BFRIPPIRAS . PlasshfE. A
BIERMBRAE, A 1+ 1 BZIRIRES . ARG LT3 a(r) HHT
NG TS an(2) BME&: RGNS (h(r) BT H—H{E ho) |
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MR VAR IATEN @ (0); TR ANMHLEATEIERZ (54, IR AL Y
118 an(r) (BCERAET N SHLaE B aE), B
am([)’ h(t) 2 h()

a(t) = (5.6)
ah(t), h(l) < hg

EAEE T AITHAATE a() APt — 2l fm PSR H A ek 2K
(AR A 9.1.1 717 ) B RER A K s 5w AHLRSEHY B (A2

.

77

Q(s(1),a(n) « Q(s(n),a(0) +a[r(t) +yQ(s(t +1),a(t + 1)) = Q(s(1), a(1))]
(5.7)

KT ER AR LT ik, IS 9 F.

ADUBLER B EPE BRI NZE TRl B oAby 21 05 1%

AT Bk blas B FErE B AE T, BRI Ak )
A, FoATTE CANLILE H AR i 50 BD At > W B Ar i gk (X (5.7)
45 HET Actor-Critic B AN AMLER R EREINSE 5 4P0R, H
HALERAY B 20 B B, ATARYE B A P X S A AL AT R B B A2 R 4
R E

Tnm(5(1), am(1)) = Q(s(1), a(1)) (5.8)

Bk 5 ATEMR A A (5.7) Wl s Ak aE > R R, ml
ANHEEDFEE (PP AT, Ehsfs 2,
B RN B R, ST IR M it — it . B
e THLER R B e R RRIR L NEEY: S TR . BIERI AL B AR W
A1) GHRAT N BB LRSS s 2) A AT ML Y A 3
P PAIRAEAA 2] Actor-Critic!!' vk B, NRATMALERE . 78
RGBSR, #XaW R A RGUIRES s(r), {5 SRmg M
ARG Z X LS SRA TR am (1), IRAERILEAAS BRI B 21
FRUEE, XEER 2 AR ISR T @ (1) HEATHIWD, FF I TG R A
FAFMIPEATHN am (1), FFEEFREFEAR (s(2), am(1), s(t + 1), 7 (1), b (1)) A
L. HER S WNAEH D FEYLRFE/ LR N MR 2 A, it
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5 5.4 BT Actor-Critic i) AT ANLES R GRS

PhsAL: BEDLRT GRS [ 2g (1) mo FIMMEIMZE (FFIER) Qu BN
WBH, AR BN LK o o FENRIGR LAY D WGk
B F2 1 5 B

Wil ORATHN am(t) Bblds B E1E LS b (1) .

L: ﬁﬁ
BN RGURES s(0).
M2 o VHE GBI T B R RATH @ (1) 6
WER Jhm(an(®) 2 Jnm(bu(t), WARATEHE an(t), T

(5(), am(t), s(t +1),7(1), by (1)) FEHEEN G LM Do

s MNAREMFEYLRFENE R N DEBEAR (s0), an(), s +
D), r(0),bn(0)), WEERNME Y =ri+yQu (s + 1), 7(i + 1)) FI24Hi
WE yi = Qu(s(D), (D).

6 ARREHLESE NEET M EMZ (GFERK) 0 MSEL CLoss =
T DRCIERRE

7 MRARREALES B ETHE SRR 4% () mo SHL ALoss =
ﬁ Zi Qu(si:Ti)o

8: b (1) «— argmin(Jy, , (s(t), an (1)), an(t) € D,

oo HE HRIZGER

Bl B

P — MRS IS 2] I BRI EN Y BN ARSI
I [E] 22 3 IR ZE R BT AR R Qo (s(D), 7 (D)), 20 W HHHEM 45 Q. Al
MG 2 oo ST, FETHATIE e R (5.5) HOFT 24 BT 210 AL
M EH I EFEE, EEFRERISLH.

o B FE LA, FEAN AL SN, KL B 0D 5 il
A Bl ] e Re b, R ] S SR RSP BLaR 10 B BV RE R
AT s ) A SR, B A BIE IS bR Y A (EL.

JE PR B B S MR e K v ]

ATTRE ST g B Ak B E O R SRR AL S o
WY . SEAESS 5.2.1 AR AMLIE S il v iy B i A
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SETTHR, SRIGHES 5.2.2 I AET MPRALHRI AN =il 0, f)s
TEE 5.2.3 F AU A S R SRR T PP g APLL 4 1 07 %

5.2.1 s psifilvbdy B VRS Al

HISCE 245, AT ASE Tk, T IS Him B B a =
AR 7K IR, S @ e VR B T I S i p S ), s
PERITEAE BEE BT FU A A B AR o e G S SR i it o
BB DR I AL I B SRR R R . TR I
H, RN SR B B B A O HE A, (HERATA 5 B
R R RIALER T B SE ] A R A a2 5

RETF AR R, ARG, ARG « w0 A
Tt EF b)) (SH TR b)) FH5E AT AE AL 0 7 1 2 5
GURTS s (1) MIBAEX QIR C(s (1), a(0) F, FERMEF ARG
[F H R Jnm (s (1), a (1)) ekt (Bifede) WAT30, PAAHLARS Afrki kL
Jnm(s(t),a(t)) KB, AT AT

b(r) =arg  max  J, . (s(2),a(r)) (5.9a)
at) EARXAm
s. t. C(s(1),a(t)) <0 (5.9b)
f
b(t) =arg min  Jp ,,(s(2),a(t)) (5.10a)
at) EARXAm
s. t. C(s(1),a(t)) <0 (5.10b)

el v B B R E R BT S AL L 5.5

TS 5.5, AHUIE R B 0D R w0 iR AR 2 0 4R
FOUHTEA v G BT, S5k S 2L, IS 22 4 v (R4
SRR T H A e 6 (5 B N A R B INE - ORI RERILIR S 31 1) 22 35 A AR
WAEINE) o TERGHALIRR T, X T SLmH AR RGRE (1), Sk
FRLHI 5 45 1 5 AR GRS I IL AR R IRAT N @ (1) RIS T
A an(t)o ZJERH EEHDFAEE b(), b(r) X LR P AT AT
A, Hre B BARsR Bk (X (5.92)) sF/N (X (5.102))
HUFAT MR E R (A EENR), BRI T T RERIIS%
G5
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Bk 5.5 I N R A R A A

WGtk WAL FEPERR B = {b(1), b(1)}.

e RN A N R b ME N ER ().

1

2 HA RERE ().

30 RIEUHINZIRGERE, PLEF TR SRAT R an (1), [ARFA
RARFLL BISRATH an ().

4 HRARZYHR AR (5.9b) 43 24w i 20 i BL e A0 N 2R 94T A T
KA.

o R R AP NS A SR aa A 89 B 3R SRR BT H
PRERET LA, AR T (5(1), () < Jnm(s(2), (1)), W b(2) = a(1),
PAARTS BRI H FHE I W05 Jhm (s(0), a () > Tpm(s(2), b(2)), N
b(1) = a(r), PAPAFHEIE T2 B BHNRRE A,

6 HLE HEIHKLGTH

5.2.2 JETPERALHEIR A DLIE S

FIE NI RGO gl T RO, Bk
SE T R BLER DS AT R NSRS ARAARI Bl S BLER AT A N34T
Ho AN R PRI HAE BT T BT AHLR G PR B FEIX R
ARG, HlaE i WG AN SEAT N HE T N Bk B H AR, Hlas
PRBRES A TN F AR SR, XX R A S ERSROIRAS 45 th A7 0 )
Wro S8)5 , PLasdslAT A ARBRSEAT N RN IR AR B, i sk %
SR A MIRAT A . FEESEL () BURT ISR &K, wl—
JEet T :

a(t) = f*(an(t), am(1), s(1), g(1), c(1)) (5.1D)
Forp g (1) A e (1) 73 BN N2 HARAIHARSE i (g gl SR IR R A0 EAR L

AHERE (A5 4 SRR E TEZE ) 55,
R 5T AL A T R PR ) AHLAR GE B B R AR
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. S T
[SEEIIE [s.g] >
A
S
& AUETRE
%@Tﬁfi ar
v A

bk

= ®
o
=
(=)
=
A4
o

Pel 5.1z (AL 58 T R PR R A AL g ol g I ) s 2 )

OB ST, FF R AR S A R DA e -

to+T
max J" (s(t),a(t)) = / r(s(t),a(t)) (5.12a)
a(t) =ty
s. t. {g(#),c(®)} = Infer(ay(t)) (5.12b)
am(1) = p(s(1),8(1)) (5.12¢)
a(t) = f*“(an(t), am(t), c(1)) (5.12d)

o Infer(-) 2R IEIHERIALEE, o 2 HET H AR g (1) FIHERTEAS L (1)
p FrHLERACHAY SRS eR &S, LA TR RA T
R eR KT BA T i S K

4 an(1),am(1), c(1)) = (1 = @)an (1) + @an(t) (5.12¢)

HrAp 240 o WA PR FERLEAR L c(r) Wi, W] RA AR RS2 e

2

0, c(t) € g

a = E}X(C([)_fl), € < C(t) <6 (513)

€—€

€3, c(t) 2 e
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Ht e fll € FORFEFICHIE R T BIEM LEIE: SRR EEE ()
INTREIE e B, PLEREIRSRAERARE, ERMARRE; o) K
T LB e W, RAWHEFEFEHE & < & M AMALERH R FIEFT
AL T2 c(n) AT BN EEZ B, WA EET o) mshiSHUE
exXeloa) < ey S AIHLAS L SEAT AL

€€

5.2.3 FDH A FPEL S IEARKE T-PhE AL A LG S

AT bk kT IR A B AR HE TR, SRR T P
AL S S R (5.12), & XK (5.9) A (5.10) g APLIL R H
F bR R A 2 R R AL H A T7 (s (2), a(1)), FH245 HH BARGEIR A PR
BRIk 5.6 :

to+T

Jnm(s(2),a(1)) = J"(s(1),a(1)) = / r(s(1),a(1)) (5.14)

HEERTERE S A o WITHOBTHY BT BUEARS AT AR 3 2809 -5 AL
ARG H BB A RESBCRER . FELE, Wil e Me HEHA
R SRR ST H bR ek B R S S E S, B

€1 < Jpm(s(1), b(1)) (5.15a)
€ « Jym(s(1),b(1)) (5.15b)

B0 5.6 P T R ek RS0 s SOAS Pl BEAR S o DA TEAF 6 2 1) [
HSE, R, S8 E TS MBS R AR A F TSR TERE
IR T

Bk S OMEfRIL AL IR (5.12) WYl AT AP B At b, R E
RS E A REE (BT B AL BT, AFIL
o LAY R e, LB h N AR B B R . S
PSSP L Bl s 2 P NG S S e i NS [ Y e raR )
IR INEE 5.5k . FIAMIE B PIAS: 1) SUSRAT B A
KBRS 2) [ EE PSR T AR N i H B . TERGE
SRR, M TP RN RGNS so), AEERELA
HEPER BRRATA an(t), BEATHAPIAER S Bl H ORI AR 2
FEMBIESS AR A AR AL PSR R . (1) AHEGR A R AEAE
Fo MLARTTN AT S5 HARZ G, 256 24 A 20 ) AR GePRASHI 24 A SR =7
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BEik 5.6 BT RGP m P A SR

PG RIS R R i A B RS R B = {b(1),b(1)}.

it YETE 2R SERBRRATA a(r), %mttai sl R H Bk

Fob(t) A FHETFR b(1).

Ci¥]
A RGIRES (1),
N RRARTE I ER 2 1 RGURS L UK AT R an (1)
Bl AC B 2 R HEBRBIHAR Y A AT M B B AE45 B s g (1), TR

T3 B AR ) EAE B e (1)

s HLAMHLREARTE R GRS s(n) FUES BAr ¢(), HHE LA
FATH am(t)

6: F B (5.13) FIX (5.15) T o i, #978K (5.12e) H (hEkpR %K

7 FAMHCHREREEXNH AR HTRAAE R W
B Thm(s(@),a() < mindyu(s(t), an(t), Jnm(s(), am(t)) B
H o Iam(s@),a@) > max{Jum(s(t), an(t), Jnm(s(t), am(t))}
B, A arg min{Jy, ,n (s(1), an (1)), Jnm(s(2), am (1))} B
arg max{Jy, m (s(t), an(t)), Jum(s(t),am(t))}  HWHBH EHETHAMA
Bl

8 HF Y4

RN =

SIMEOL, TR SR LA AT am (). A T APIEZR G B AN
HIBRSAT N, AT (5.12¢) P (g R BdEA T . T A1) FH =4 i
ZIMEAFEE, WRGUIRE . BHATH . BARRELSE , FIET Jhm (s(1), a (1))
min Sy (8 (), an (1)) Jnn (5 (), @ () T max Ty (5(1), an (), Jnm (s (1), am(1))
B RN AR, RO AG SR S s i B B RSN A PR R,
HE T LA RIS

H A THE R, FEAMUIE S, off B R R E BB IS
R AR A, R TSSO S A B AR R, U AT I s
SRS AR AR, LA E S BT S B B (L
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6.1 FIH NN PEGE TBLAS 5 S Sk PR e A A5 A 1

iR
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AL A A S RPE T, R, FEREAROLT, KEARRBUF A A5
HERMRAATIRE, SOMUHE i 1 IR T A T R ARAS T R«

AR, FEm ) B AT 2 ) I B PE BRI DR, SRRk
A SIS RE 4R T AT, (R E R 5 0, IR AR AT DAKE
MINARAE R R MR AR, B AN, B sk
FAHRE, A HMEPAGS A FR Al o

FATFERERE ], FERZ R NBA AR LS, A
A BE T/ IMEARBEAT A RO A BE ), AT IR B > Bk AR B I
P AR L RET 25 ] DMREFI M 32 B R U, (5%
VE B FLIRRE R R B NS B A RO RN (294 10 TN 463 fI1T)
PSRRI A5 AR TR, HERG P 52 2 R0

NFr EA WA T3 1A i A 22 o R IR R, B A B
K, XM H AR T AR RA O MR AR RE S . KX —IA
W&, FEREE S AR AR N BRI I3 R —AMEAS KRR PR

XMMEE AT DR IRE “RIE” 19, B, BT ARG A4 B ah p i i
PLasF > Bk, B AR H R AR T 2005 4R “HElkiii4l”, m it
BAGZET, (A3 H B AR U,

H—MEER R B, B, R AR AR RS LA BB
AR ZRd R ok IR TRV RE o X HL, ARSI M ] DA S AN
BB, ] DU R A BRI o M AT — P D BA IR, Al
NHFERP AL O B R Je iR (A Eu SR 45 M i A i) 5l
ABIWLER A B AR AL 27 > WA UL S aed A o ) T
S RID BRI, $RTT R AUNGRRCR . H AT FA 2 1 O BEA IR 2
FFEX P2 (DH ) . BFmZEtid (AP R ) R HCAf A T ok
FOFATION ARAEAL (LS ABEZR U200 1At A fARU221230 s il e 20 1270 10
DAL RIS v B L2 R

ARTEH 6.2 TOMIES 6.3 R B A H RO BB AUFIA A=
HURFEAR THHLE B BB A -
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AL RGN TI DRSO RY 52 T DL ES 7 e

PE A A RIARL O B AR T LS B BE R ML 2B 1, AN
AAITE S THANZE DU S M e AV o AD R DL B8k i P E A
KRG T R AL A b S7 (B, (BAESE R rp, T REA A IR
FEA A5 BRI R RS, X — B MEA BRI . 51 AMLSE
AR - P R 2R T DA — S AR R 6 2 7 P (B BSOS R B 50
(R IX — A2 ) S A7 A — E R, 4 ZEORUETA S HRG BE AL AT EAE B K
BT R BRI T SR S R . X — A, [129-132] @i
FIAN BT R RO FRASE 2R A AR S A 0O P 2R i TH AR 28 DL -3y
XS BIRRITERE , AR IR BN E . 2 6.2.1
FER B AN DU L, SRS HESS 6.2.2 TTRIEE 6.2.3 54 B2 A
FHN BN VRF R A7 32 T - AL 2R AT BIORE B A 2R 0o A 3 DL - JHr 305
PERESRTIA TR, BIGHES 6.2.4 FI N Z35 | ARSHON PRI S T 6] 16z
ERLr - AN R DU RR A PR 795

6.2.1 Fbsx VUM 554 4

AN E SN GIANR WU SR R A, SRS ThETE ST AR
AN AL I AN ZR DL SRR 1 RE i 52 24 B4 52 W0 B 28 A 3 — 52 W o 1
AR o

b3 UG 5k

B )T NP WA BRI A B, BEHLSOF
Al Ay A Ay 2 A A SEESRL. T P() Rt —REpL
FERR, WAESCE B RAERI S N FHE A BZERIRRR P(AB) T Hh
AR Y DS 2 5 5

P(A;)P(B|A;)

P(Ai|B) =
> P(BIA)P(A))

(6.1)

FEREPLEE B B HONRELI R (D1, ba, -+ b)), W BB DU 22 5K
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Naive Bayes:Ling-Spam Naive Bayes:SpamAssassin Naive Bayes:PUA
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P(A)P(by,by,--- ,by|A;
P(Ailby, by, by) = (A)P(b1. bz wlA) (6.2)
> P(biba o bylA)P(A)

K (6.3) AP DM SAA BT B W 5K, FRilt—2
BRFENLFAF b1, Do, - -+, by FEFMF A N2 IR -

P [, P(b;14)

> P(bibo o by|A)P(A)

P(Ailb1,bo, -+, by) = (6.3)

MSEBRR I P BERL , 4E P (b1, bay -+, by |A) TN [ P(b;140)
HITGRIE 5 TS, T Y P(biba, oo bl A P(A) XET5e S F4LT
AT —TE0E A ORGSR M, R TR T W B 58 S TR AL b AR )
FMBEE RN (P(Ai]by,bay -+ by)) s

FNE VUMM (CURRENZE DU 43 2588) TR (6.3) TR i
BUAET P(Ailby, ba, -+, by) WKV, FERHEAS P(Ailby, by, - by) BIMH
BRI (T84 do) HIXERZRIHELE A, FERAPINGE S

bR VUM-S0T S A AR IR B fire e i Pk ik

QETATIA , AN D ESATE SO R Tl S LT B R, H
MR RSIHARBOAN BOL, Fean, FEAECE N BRI A 2 [ 4
FHZERKET, BRI S Z BRI . N TR RRX—m, %
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I PUA EFFA7Ts5s (0 H 2 MR DAULREIEPE ), I DA A A
B A R AR 22 O RE AR VR A IR (a3 A2 AR o 3 s 1 L 151Ky
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1:5) JIGRANE DI A . A/IMEARIG LTG0 55 L AR A4
O (OARA 4 SRR bR & 20 FHEE MR I ZREETT 1R B A5 S5 L Hg )
HRAERAM W Z AR MERERZL S ESNEREEL) 1)
FEASE NANR VI AR 2 RO . B TR R, el
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Pel 6. 1R T ANER DU B e e AR Y 7 RACR . W LA B
IEAAELLE (4 BRI PE & 20 B IERHECR) bR DU A =4
asR FeE s R IR I T 0.5, U ESE L. A FEAEGE
SrEEIE I, AhER DM RRAE = AR A oy 2RI -F 8 e B A BT L
T, HAXF Ling-Spam $Ula 4R 00 0 SR iR 2082 1363 0.9, TR
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ETHRARXT NS, (HE] T 0.7 £
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(RZHEEFIHO T ).
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XPANER DU TR PERE AR TICR , e SR AP i B A T X L
BT AR PR M8 A 38 DM R PR RE A D0 A Sl i, T B
T AP AY K

X B i 2 B R B T I Qi 2 B R A o SCRTE AT S B N R A S 1

FRATE SRS WA E N EE A NI 2B, BIXHAR (i 25 B AL A
BT w2, FAHOW AR A] A e i PR 2 ) 2365

M mZE R A MR p KA, M4 q RAT, Wb TN
U q B, B4 p KA. 2B R, R p R P T g AUER
SRR T XFRMmZERRE AT LA USRI T (p), B (9)7
HAFH CAREIHRT (q), BIRITFWT (p)” BG5S, 5Lk, Xfb
PG AT A EOFR “RE", oA “HRAHE T AT HE R A N R 2 50,
Pedn “AERE P AER KT BRI, FERPEREOLR, R T ORI CERIEE
T ZIANEA R E R R o (R RIS AERA 0 H o ARG AR I, W)
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4 6.1: FENLAHT w; SREALEE ¢ BIFIIBER

W Wj
c; a b
c; c d
a
Povien = a+b a
b
Py = —— = b
c (6.4)
Poe = 7=
d
Pegiey = =4
b d,
P _ al + bi+d,
LS(WI‘(;[) - acy bid,
ar+bi+ o+ ka
d;
a; + Ccl—
_ 1+d
Prsiy = ——— = —<a (6.5)
1 1 a1+b1 C1+d]
acy
P R dl + aj+cy
LS(W]‘Ci) - C] +d] + acy bid,

aj+cy b+d;
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FIARR O BRI TR 28 VUM S35 i P i

ZHIE G4y MO PR R B AR, B — R 45 Y ) —
MELIIAERE . FRNTE SoRB IO R EA A K2 —
Dbid

bivd, (6.6)

ajcy b]d]
a + bl + aj+cy + by+d,

MEEF Lok, XA L2 PA by F dy WREATFIEL. a) Al
cr PTRFIFIEEACE, ST AR a) fEE—2 W, b, Al
dy WRFIFEAE R P800 —Fh, RIEM R FE w RREMIE, a
i BT BEEIE R MR FH0E w 24 IR, XU o) FoRie
EFEM ¢ RAERZE TR w RAEMIER, HPX i, A% B
—AATT LR TR R Flh w RS, WerELs
¢ FEAMRERIGEO F0hw R AR, WEFEEM: ¢ TEAR
BERFR/ N e WG | AR FE— MBS AR S e 3 2 805 — 1)
MEREM (F58 L, PTRMIEZERZ 0L T k2 Mot B4 5% —
KRER A AL T REMZ M F R KRGS SR AR\ T
TR B ARG S R AR, TR AN 5800 & AR AR o 1)
RAREHE Mo — BRI, X ] AT & Lt o, ARG
TEOLABI: B R A KA RIREZE 100%, JX ARG LT AT A7 =4
FET A WRERRAGER, B UAIX 2% BIR2 A S AT A
8 A RAEMREE, BRI 2 WA E W BEaMmEeES A
—Seg i o A RAEMMRRER, R EFESEINARR N

AR, SRR AR, AR X — B I
A DA 7 (g 5] AR DUy HERZHE R (6.3) 4+ i f
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SEREI AL B LB HER G B

SR LR — 24 B A ) T SO B e T o0 R
g, PR U SRR AR AR B R G B 2 20 2k
AFFIE AT AR A, SR ) B ATLE 6 A B o 52 R AR
EAEIEN i

ZRAMEAR n SIS KLy, Gy, Hy € (=11},
PR RIS, B X AR p e E . BORIETEN ok
[ BB~ T80 AR TR T I R e (R T v = 1 8C
yi ==1), I AT 2 ol Y s 2 8] B sk AL .

TERATAT V- T8 nl DA R AR T AR i i 4R

w-Xx-b=0 (6.9)

Horprw BZE IR R . S8 oy JUE TR A R i W S
T WAL &

QRN LT 2, WA DAGESE 43 B W0 2R B8 i W A~ A Tk
T, A EATZ R BRI RE A . FE X A - 18 3 B P 1) DX
o 11 1 -0 1 R T = v i o (W o o =1 0 58 TR 9 E = &3 B
AN T[] 1 B ﬁ RIUL, A5 1 T 1D 2 ) B e K
TR ME Wl R, AT AR A E s s 0 - T () B X 2 4h
TR A i

WweXi—b>1 %y =1 (6.10a)
WeRi-b<1¥y =-1 (6.10b)
RS 255 AN Ak A

min || || (6.11a)
st. z=2 1,V <i<n (6.11b)

Hpz=y:(w-Xi - b).
FIARA R R E T RATH 7326 X > sgn(0 - X - b) . EERK
R [F1) o A P T 5 4 R SR B IR L X B, K88 X AR SRR &
TE—AN G BN B Lk T 4Ry, R P I sk i &
AP, RIERA: SRR o) AN PO T (A B L A b, T2 AT (6] F
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WIS, SR AP A A RO B, AT DA o B0 5k s KL
(Hinge Loss, HL)!MU X736 R dEATREAL, S94L 7 A SR SR RRAEE
WGRrRIDFRIRGE , SRR By 7 R R oA

max(0, 1 - z) (6.12)

WX LTI R — 0, BRI 05 -5 ) 4 iR — 1
AR, RS B R R PR R RS R L . PR, iR/ ME

1 — .
—E max (0, 1 — z) + A||w|? (6.13)
n

i=1

HEATAEAL 70 2R AR BT, HR 280 A w] Ji SRR R R i a] B R/ St Ok
X; LT A B E A — R K &

SCHF ) BELSETATE T 4R PSR A i A B SORp ) B E 24 3X/)
I B SRR ) B AFAE DRZEIT , DRI TR EEA 5 2 T, AT 7
FHGE . TR A, BERTRE R PR 7E HEA T B WAC S A el A v g e
i, AT RE R AE R AL BE B B A RS B R /MEA R R AR
2, Gy LR T, RS SO ) EALSEATE IS R SR
BB R PR R BRI T 7 28 S R AR R AL R 7 2 S e
BRSO, AR S B I AU i ) 4 2 R 0 3K
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LR IR

on(x,z) = max(0, (1 — z2)M(x, z)) (6.14)
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9.1 FRALE 5] Ao iR LR AL 3] B Ko iR 163

o AIESESIME: IRESFAMER p HE BB IRERPUE— 3015
FeRg 21N RS R r R RRAR TSI R 2B 4 T 1Y
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BeahE o' B Sarsa S35 P S VEUME B AR B — R E BT ER TS
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8: 3[%‘|Elfﬁgﬂ (¢t’at9rt’ ¢t+l) ﬁ/\éﬁég{ﬂ\ﬁﬂD
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Pl 2] ARG
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EREME IR AR FUE, PR QME. XFE, TTHREIIFRN, A
W23 Q fE BN VIR s 45, fe/IMb IR R R, AT 2 T St SR«

DQN (Deep Q Network Jl'7 1761 S Rg5if Ak, 2 3] FIVR B 2 > BN 25 11
T, BB A R 25 Q-learning MIZ5 A . MR A RIELRE 1
i, R ITAEEIZRRAS TR Q H, #HMAENG AT EE, %
LT AERSREIR ST B A8 17 v ) i AL 55«

FEREE2A ] Y BsiAbes ) P il 2 Bk, Hob 2 — (2 iR
AR A ST (7 431, TS Ak 2 2T A I ZRRe A R A
R A K75 DON [ AR AR 2 — 3@ R TR ik, RRAK
FIABEAE FAF RN AN — RS APITCAL (54, ar, 71, $001) WITE LA
ER/NE BRI Z M, BARICRW 5 A BELE 2 RAEAE R I Rk A
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Hop sen MRS s PHIATEIE a BEIRYF — BT, 25— DON ¥
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i Q MEHATS RN R PIEIREMIOBT, A0 PERER, M TRl
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TR QA 18— B[] A PPAS M 28 5 A, B o 38 SR
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DQN (RS54 25854 L Th 78—~ DQN [ 25 (A 454
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RAERZEEE T PARARTF LRI SE SR, BWA 714, il PILCO
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R TR PERT IS, AU 30 234 iy AAILAZ B H {8 m 2 ) SREms 2 1 45 Bl
FA5e A TS5
SAC HA R — B ACRM R R, RBIE MDA 255 il 72
X, FEAEEAKERNE:
o HA-TFIBZKIAVE (Actor-Critic, AC) [ W45 45HE , A5 4 B Sms
W28 FMEL R R 28 o SRR AP AT SR (R B A
{H RIS B — AT A BT SRS

o BIZRBSHITER I, BT LR A TSECE
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L B S SE BT AU Ay -
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Horp D Sz, FERERUREEARS IS, X PAIT N B AT
fE:

Vudv (@) = Vy Vi (s:) (Vi (s:) — Qo(s,a,) +log my(arls,))
Hrbra, RIS ERRA s, A 3K Q ELRE H br ki FiU2

Jo(0) = Eiya-l5 Qu(s1.ap) = Os1,a))

)
+
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Hox(@) = ¢(q), x(1) € R" ZHWELES R/RZRPIIAE, g€ R 2
BB TR R AR . Crr 1 K 70 53112 AR T 1 BELJE R R AT R
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