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Abstract  Artificial agents have always been one of the main research fields of artificial intelligence.
Any independent entity that can interact with the environment and make decisions autonomously
can be abstracted as an agent. With the development of artificial intelligence from computational
intelligence to perceptual intelligence, and then to cognitive intelligence, artificial agents have
gradually penetrated into many fields closely related to our human life, such as unmanned driving
cars, service robots, smart households, voice assistants, intelligent medical care and war weapons.
In these applications, the interactions between agents and among agents and the environment,
especially humans and society, are becoming more and more prominent, and the interactions of
agents with humans and society inevitably resulting in ethical threats and moral attentions. Issues
regarding artificial moral agents are important research contents of ethical artificial intelligence.
The ethical risks and challenges in the application of artificial intelligence have aroused more and
more public concerns. The ethical issues of artificial intelligence belong to the interdisciplinary
research of social science, philosophy, psychology, cognitive science, computer, artificial intelligence,
etc. On the one hand, philosophy and humanistic social scientists focus on the moral subjects of
artificial intelligence, the effects of artificial intelligence on the human society, the ethical norms
and moral codes of artificial intelligence and so on. On the other hand, researchers in the engineering

fields such as computer, cognitive science and artificial intelligence are interested in the embedded
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ethical decision design, the implementation of moral artificial intelligence, the ethical supervision
and control of artificial intelligence and others. In the framework of ethically aligned design,
realization and deployment of moral artificial intelligence, this paper reviews the design methodology
of artificial moral agents in the following aspects. Firstly, the concepts of artificial moral agents
are introduced, and in terms of multiple behavioral characteristics, such as autonomy, adaptation,
evolution and consciousness, the categories of artificial moral agents are illustrated. Although
there is still controversial on the effectiveness of the Turing test, as a promising way to identify
and evaluate moral artificial agents, the moral Turing test is addressed briefly. Ethical norms and
moral codes are the premises for the design and implementation of artificial moral agents, and
many government agencies, industry associations, companies and international organizations have
put forward a series of moral codes and ethical norms to manage and supervise artificial intelligence.
The open problems, such as how to properly choose and strictly abide by them, and how to translate
them to machine or computer codes are discussed, etc. Secondly, the three design paradigms of
artificial moral agents, including top-down, bottom-up and hybrid approach are analyzed, and
the design of moral artificial agents via logical programming is elaborated, which integrates two
different concepts of both logic and programming. Formal verification and validation of artificial
moral agents are also outlined. Finally, the ethical dilemma is a common puzzle of philosophy,
social science and engineering disciplines, and the potential solution using computational ethics
and crowdsourcing technology to defend it is described. More importantly, a comprehensive
outlook of the challenges and the further research directions of moral artificial agents is presented
in the paper.
Keywords  artificial moral agents; artificial intelligence ethics; ethically aligned design; logic

programming; formal verification
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AL 0 A AT o R 43 S AN TR AE B 4 1Y)
£ L HETI X AT RE A AT S HEAT A R AHE R L OF i Kb
BN AT A BRI FT M. GenEth 3R FHIH 9432 45 72 5
B HOR  RE S Tl 2o 52 .2 2] AR LT ] U8R 1) A7
FIAT A8 FHLANL ) 3 37 R G SR A 48 SRR L O 4R A
XFPER) G T 2 R i B GenEth sl i 118 #E BE
PR IE

Guarini ¥ A T #1 22 56 W 2% ( Artificial Neural
Network, ANN) HI FAE B S 19 A F i E S8, 45
HhTAC R 4SS AR S I ANN 8L R (a7 5 g2 I ol

YRS TR B 1 B0 R REAS AT R AT L O
T2 9] TS 4 B PR SR B TR B T P 5 () R
IR AR S LA G SR E 1 3 T AV FE T W AP ATy 1 3
EAFIM) M L5 R B T ANN 4] 43 2 45 45 A0 1
TS K B T 47 1. Honarvar il Ghasem-Aghaee
P T T 2 o M 4 1 N AR B R AR (The
NN-based AMAM A8 3T — 468 % B £ ik
15 T 5] 22 522 W) 114 4 J22 T 45 52 1o A% 40 ol 2 o 28% S B
AP B 401 23 2R o A8 B R R D T 5401 2K A A
I PR A AL . S E0 B <l A R 55 U Y
11 B F BT U G5 N T AR 388 g AR BB 4% X A ¢
U A S A BRSO N TR B
R BA — & By U 1 S AL BE 45 A ) 47 O 3k
7518 B O 3R, 1 L RE 25 AT O 1Y 18 18 4 R
G PO PR

Abel 55 A $& T 48 o 5 A Y 9 AR 2E )
(Reinforcement Learning, RL) #E 28 A5 UM g 4 70
¢ 2] TP A IR DAy ¥ o T W 7R mf R e ok
I #2 (Partially Observable Markov Decision Process,
POMDP) Jia) 5 f) R fff » 18 Bt 5% 52 36 32 W] 1 3% HE
A S R RSP AR R S T — N R
S FNEORBLA L A B T8 B BE MR Y 2% ) Rk
ik —2 RGNS 5T, Wu B Lin 2510 7 584k
53] fis 80 B P 19 3% 00 75 Cethics shaping) #1
1 ALK 52 B H AR 0 5 RE AR 4T R AR
SEEAS IR AR 2647 S 09 16 A 5 ds 4 i AN A m]
PAOCARAS B BEAR B9 A7 H AR o 3 W] DL die R F B2 3
Ul /D A8 IR RE A 1 AN B AR AT Ry 1 K AR i BIL R e Rk
T3 R Ak 2% > (Inverse RL, IRL)Y™ v i ok 4k &%
P 0 R N2 A7 8t e R W] - A8 B & H.
A BT B RCR AR B A8 B R 5 T PR AR
TR DA Ay 5 Al 27 2] RE 8 SR AL TR R M R (B &
HA R BB 00T ) 5 e Ah, BOAR A8 FE90 3 b 5
f ) 2 B 22 (1 2 o B2 PR RE A I TR 18
PO ) RL 53k,

SN T = U /W= S R (LK Sl A N L A
ab 2 ] AR S kAR S B B TR & JE AL, AT Y
SR A AN Bl AR T AL FEAE B PR R B A B 1 3 N
PR R G IF A AT BE AL 2 A W) N 3 5 R BT Y
e BEHLE e AL, A R BT RAET
Tk = B A 40 23S EA8 NI B 45 T 18 B AR
TR PSR B — 2 1 A o AR XE TE J I [ P9 52 A
WGBS 5 3 A A8 2 e 3. ] N L A8 PR RE AR Dok
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F14) R fiff T A2 3 B P e A A5 8 R B

B R b i S A S B A FR A AR A T I n R
TP S B M e E 3 R I BTy
AP g5 R ARG 7 B BP0 vl ik B B AR T
R A R b 2 4 58 i AR G i R
T S = We da O R G St AN RS e R (e LB LN
H&K, AT EERFTEEMNA SR T A £
2] 2 2 B T AR I R R B RRE A B L A
U A M E AT I REAS T8 ek > K
B T B B RE A W BB L O 5% T b AR R Y 1R
PRYCTR s WL AN MLAS 24 2 HOR i B A7 A2
PR AR AR I U S Bl = 32 4 37 BH PR R AT R R L R T
TAC LR RE AR R A5 1 L 1 29 1 HAE 4 R B e AR
i A8 0% i 0 TSR R s B S O T A 48 B
PR T A TR ARG, 75 PR 5S35 5 AR L A 4 HE
DU SFe A A0 B o R RE AR I AT S PSR 7 16 B B
AV fb 24 2 1 45 SR 0T K AR B0 O A 40 3 g
A 1) 1 B 3 380 5 A A5 SR 114 o O A o R T4 7 i ]
R AVEH 7
3.1.3 IRAHE

REFTZEA LW N AEMA NI ETRES
0T 5=Vl = I w1 1= I T =971
R XoF 48 B RE AR 6 A2 1948 2SR I TR ALY, AR
8 R AT RGN T AR S AU T A
SLHAC B AR, Ty —Fh O SR B TR & T
BT RGN R M S B AR B T R R
FIE e e $ 38 24 A BE T 5 S B . BB AL IR A ik
H RS AT LR BN 8 2 5 - L — AR 0 2
T FE ALY AR R R LAk, i 9 e NS
AR I B R G T SN A B0 FSE R AR

Senses Sel sory
e
memory

| Jow-level | Perceptual

T P AU o S it R 53X 28 1 &R G st T LAAE g ol S
RS T B T B B I 252 >0 B 7 AR 48 2R )
o S TR SR ) T AR BT WA R 5 A A AR B s H L 4K
P AR A PR3 s ok AL, B R b7 SR
R A R R Y TR T A S B T L A R B = A B B Y
Yy 5t sl BB R R B i B R SE BT L T E BT R
77 200 5L S0 T A4S BB R 19 3 = el A BT B AR
9 BE T s B

Wallach 8 A i3H 18 138 i A T8 A A 40 A5 Al
LIDA 52 B AS B PSR 1 al A7 P L A ATTIA N < A 3 2
ST DL ok — e AR AL LIDA {4 A1 [R] AL ] 75 LA ASE
E178s /= NSNS RY G o1 B e 3 v N & I w1 NS =
PR A T A O R S R ) S A
W B R bk AR A DL R P TE A (A D 4T
yof AT OR (oo ] 1 I = W ol 1 N DR B R T (=R
N B A8 B A e 2 2 3 (R TR RRT R AR
(48 B P 56 BE ). LIDA BERIZE G T A HURE 27 Fi p
SR FRATTE R RS A T RS £ UM S 3 L
(18 26 75 T A ) A A R T A A R
PR AAT A=A B B, OF HoAREAS B Bofr & B O
M) R G, X R 50 H DL SRR o L BT 2
2] AT RIALH R AT A ) 45 45 T g (&L OHH . Madl #
Franklin £k 55 HL#5 A\ CareBot F#34322¥ T LIDA
BRI, CareBot & —AN7E R B A ALALL 2D P85 iz
17 IF e S BB S8 A iz 21 i/ sCh M T A SR N
KW H FATEWB LA A, CareBot e 01T
W) AR ZY b O AR i AR S AT 5. BEALAS
RELH]LIDA 254 BB 98 25 & B 58 M RS 2 R
2, BAT B Y 2 > BB T L& BRI S5 4 A
BARHMAT Ry ek,

" features memory
A
Actio Structure-
Ckl n Percept building
taken L oca ' codelets
- asgrocal -
Episodic %ﬁ crures
memory \ B A S
Sensory- e
motor Workspace
memory .
1 i y I
Declarative / ‘%
. memor O ¢ 'y
Action Y ‘\ Aauion”
3550 .
selected Coalitions Attention
codelets
Action  |]nstantiate | Procedural | Conscious Global
selection  [¥ memory | broadcast | workspace

4 LIDA AT 25 4

Cervantes S NZ5 it T — DT &R =098
FH P 5 A% EDM (Ethical Decision-Making) ™", i%
A 43 531 | BB 8 A &8 B BT (Orbitofrontal Cortex,

OFC) . N M 77 % fz i (Medial Prefrontal Cortex,
MPFC) 1 /ij #17F 2 )2 (Anterior Cingulate Cortex,
ACC) ke S I AF i 52 il EAN L J5 530 3F o A e 2
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WA, OFC ST 90 AT M o 32 2251 X R A FTRE A9 17
TR A N B E U s R A NS
PR 3 AN PR AR 9 R BE . MPEC i 5 Y 31 15 00 4 ¢
(R 2ok 25 8 30 o THBRL 55 AT Sy AH G 19 DT 2 Il AT B A
§il. ACC B: T 10 #1 A JE 47 PEAl 48 31 A0 0 B R
R A A N ) — SO R A DA B S G
U AH 6 1 15 S B OFC ¥ BT A7 B e 340 1 45
G AR R BRI MR SR A
A BT . EDM BERLEE — A i 30U Re R h 45
)T I I A — B R 9 AT T B
TR ZE B AL A - a5 10 e SR QB A AT Ao 390 9 o I 3 1l
TR 1) 3 50 A0 B P SR AR B (i 4 — P HL AT B
il (4 48 BRAT SR ) T M 1) 48 B P 3 (T A 1Y) 3k B R A
FE— s 2 A BRI ph 28).

Anderson 8¢ N 45 T — /N E W) B2 0 R fE
Tk MedEthEx""**%", HAR R 25 #y 4 8 = AN H e . 42 It
FT AP T 00 0 TH R 5L 1 A e 3 o 5 9 2 o) Tk
FE LB AT O A ) A e | AR ) I 2 A8 PR 2E K 48 S
iy S B (8 5). MedEthEx SR B T 5 F o 48
WA T _E R A R 2R R e B
WL, W WA 2E ) MR L 55 (B [ A
T BRSO Py B AE 48 B R 8. MedEthEx
(9 H B TE T e — DA B (R i A 3 R 98 N B 4
TGURN 23 Bt 25 40 5 2 A B TR 5% AH 6 14 18 25 5 il B
B3P (R N BY SR B AR AT O 5 L AR T 1T U N 4R
FRRHEM AR & H T &P LEs A0 B
. MedEthEx fii FI 2 IR T K X A= 9
e B IRER Y 173 4435 B B 22 A 64T T 40 4k
B85 — 4 ffi F] MedEthEx #2545 — 41 % H % M
B W2 25 A 1 I R 2% X i B 1 AR 25 2R 1L
BIGI 25 AR TRUT L BT R T BF
NF P48 ¥ 5 g /& EthEIP*Y. EthElL 78 #L #% A
NAO b5 2] 7 528 iz bl as NGets & T8 3h 2
BRI 25 2 N B I R B &
ENEE Y, SEPRRIFT ARG T K. L E
R 3 Ao H R 58 A P AN B EthELSEEE T LIDA

/ cases

Advisor
module

E

y

Seeks advice on an Knowledge-

«——————————>  based

ethical dilemma interface

5 MedEthEx #1455 #

Ethical dilemma
with consensus
_— >

Training
module

view

IR A I RE H 2 B R B2 R ICT
A E B AT 20 EhEL SR HT 69 2 V7 98 32 8 7 5
PR LIDA SR I Y J2 0 FURE 27 19 1l DA 0 485 4
BEAL AR & EChEL By 05 8 AR B iU il T
SEI LW S TR ) LIDA B SR A9 il A 60 A
B A S ANE T2 B H R AW A B TR
TN 4 48 B ok SR ML 3 R T 17 46 BB i B A8 3
FE.

Arkin SE N 25 T B EE L& A 1Y BIHE
20, Horb A8 BRE REAAS oh 48 JLAE 4 0% FAE B O 4%
PSR Y AR PR PR LA B Ry USE
41k (the Laws of War, LOW) (40 H N LA 4))
AZ R AL (the Rules of Engagement, ROE) 4H i 119
TR DA R D A 32 SRS 76 B A6 35 RS 1 4
b B BEALTEAE 20 AR AL N B 1
B A ir Az R B 2 A 2 58 = S 3 g 24 o R Ok K
W e 15 5 T A8 B s xof T B AT 3l L M 1 B
WA A F R KA S SR AR F TR
6 B BC A% LA B R b Oy 2 a1 O 22 L )
FRSG R AR 1Y R ) 8. A8 3 3 TG A% Y PR SR T A
MG 5 B AR A P . T TR G BHE BE A B
R A A RO BRSO % B HE SR 0 o i
AL 52 5 64T 1 Bk,

RANEHRE T A LT EME T k%
ML IR E— B B ik T IX PR 554 B 1
AR A I A B B A 1 B E A L
B J7 ¥R RS R 2 B A 5 AT A 1 22 Bk

ANRRHEEENE SR E R OB TR
IR X IR P AR D B AE P R 2
AL SCHTFE A B I 3 1 S il ) MR S L - &
TR A B 26 0K [ F 92 SRS BRI ) 648
J5 # e A B R S B TE A T S B 19 A
TR B R M (ORI E A BRI b S T A B ER
SR BT EE T A RS B R A8 R BB A
Al PLGE R A R S PR S kS EE, te n] LA 1o
eI RRIR B & 3 N bR & R A4S B . FiE AT
P AC L RAEVE R T AR P B IR A RS G & A
BTN LR BRI A £ Xk S R ER ARG MR
B B R A B S S i T 2 B Bk AR R AR
PB4 S A% 1) S AL AN AR B AR XL O (] 4 3 R B
ke, BN, 35 B SEFE AT DL 3 2 RS 8] (14 1 2
v R LA A B A 7 0 SE B IR A AL
BRI L 25 A Y 2 1Y 0 B2 U A B SR AR
TE25 € WO OL T - BEIZ I FH WIR A 26 48, Bl AR X Fh
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EEIT AT AR AR B RIS EA TR
U A B DS T 7 el A A A0 B BRIR AT A TR A 18
FEE? XA e A LR IER TR . BALR
FAER—AAEH W 5] KB RRAE R BT S8 R AR
PEARKRREE ok A T E 1A 08 ALl Qo] 76— 4>
IS IO M ALAS b ST BA0 B AR 1 L 2 10 L AR
R IG PR Z —. B4 3 R E T —F AT
1T b % SRS RE A8 A5 400 N 28 JEL 4 3 3o TG 2 TR W i
K5k & H . fe 08 3 i Bl AL 1A 5 L S ] A
> ViR AR A ) SRR T UCFR G L X B AE )L K
B LE T EZEEM. W+ 2 e B
SFNERZ, 3 SCZ B A AR M R AR W A S R (EE
B4 F ARG T DA B A6 A O 19 & e 2= 2 AT
5530 A AR 22 0] R S Ak DR TR P28 ) 2% b 52 B4R 2R
BRI — R E Pk K.

IR e A AR BB B I s
7. AT LAAR G 02, B A A ATDR A6 B e A4S 1Y) 15 it 2
A8 R R AR R £ Ok BBk A B an k45 A
B WUERAS B REAR 1917 A 2 L A AR SR A 25 A
T N FL A B A IR R A1 o Ay B X ek
BR R P Be AR B AT B AR UR et S L
AR DA e e B R A 2 ) 52 A8 D T S R R
RE 7, 1 BB S AL BEIE UM DG 1900 A X
ROIRFEE ) 18 R B A B A AR R R K,
B HRBAE SZ R G N e #5AE F. JAER O R
VB o3 il A B IO 4 BE L O 7R A 1 b S8 B0 A AR R
SE4 BE T AT THRER H I H TR X LE H R
18 B 26 5 T HRA T A R A sy P R B S X S
REMIF 2R B TAES B AL AT e e A 08
HIE A B R R0 10 B AR 1R A 5 B AR A 3E
AL s BLHI B AE L DA 22 55 v 2 o) RO R AR 45 5 18 X
WA B RE T B ER AL T 5 4R 1Y A R R — A 1 iy
1o R R A ) DU B 20 AN T A R b i AL
s H B R ARl A & B S
AT 26 Z5AE Sy — > A0 3R B A 1 3 1A, 1 X P
AP LR B £ Bl 37 R AR fb. 2 ERE e i B ] L
(RO =P & I (T N U = I T <95 8 A
16 FHE B 1A B RS 4 3K o B Y B e R S 4R
BRI AC TR RE AR 19 AL R 3 A SRR R AR
PR 7 ).
3.2 REERENEERERFIZIT

PR (%) (Logic Programming, LP) J2&i&
N e S I N R B i A W T NE A
LP iy Kowalski T 1974 4E$2 . 15 45 T4 2 5 Fife
J7 33X A [) ) AR 2 I 9 e — B R 1 SR AR, 2 L

H 3l BRI AN T BB A R 45 R, s . o is H
PR FHERE I S A R AR A% LP #RAG 3] TRk B+
WA AT 2R RIE A B R G 1E
B EAEOAR. 8@ T 5] AW (Abduction) | 2% I B
75 € (Negation as Failure, NAF) | 58 ¥ P £ 53 1 ik
B, 7R T W 2 8B F (&) (Abductive
Logic Programming, ALP)" ; 4 4 A 5 & 17 &b
PRREER 38 2o 45 F 7 28 Can X g R LA L
ORI BT A 38 B TR M 20 BBl A S
MEAEDK ] L0, 1], 7E BB 51 AME ) 8 5] A
LP. 254 DUn 3T X 4%, 7= A T HE R % 85 88y G
(Probabilistic Logic Programming, PLP )% X}
LP B3 7 AR e 15 5, I 4 1 125 R i) Ak
WA TR] B 8 Ot S L, 7 A T Il & SRR O i
(Answer Set Programming, ASP)™*; 3 1 7 iR L
098 R GEAE AR RN Z PR s R 48D L o ik R
R AR IR A A B L 7R — B 2 R A HE 4
T A T LP FIHL AR 2% 2 28 Rl G i 64— 15
B R F (%) (Inductive Logic Programming,
ILP)" TLP #EN7 T B 19 L& 2 2T 7K & e % i Bl
v OO0 AR DL IS 1 SR 4

Kowalski FUK AR 7 115832 45 HE 52 T B ge 4K 1)
AR B A8 FRATE S M A M B OB U e
Ry B AETE S SOk AR i deE T B
eI A N2 e R DL AR 1 T S0 1
%) S s i B AR e 1 FH 380 HE SR A v, S B A
(AR S HE AL A S B B R 55 DA T 2 A
A7 80 At P 5 5 4]« B B AR 3 S
00 R E AE R IRI R S ALP I 58 B M2
ISCHL T IE WP ) ALP fili kY. Kowalski
Fl Satoh iRHiE T 7E ALP Hii i — Wi 1) 2 48 , 2
TH S R AR 5 0 2 R FIHE BEAG W] AT A AT TR X
5B A IS o ALP 9 H ARS8 8, 38 5o — s fi
BB GB R & MR BT T BIE. IR RS SRR .
ALP 58 2] I RS2 58 00 1 L e g il L%
H IR) AR P N R ) TR 7 SR T LU TR B
ey it

Pereira fil Saptawijaya #; ALP {1 i R 25 45 4
AFHEBTHRG ACORDA™ i i3 ACORDA #
U A, X4 AN [) W 2 ) fE 37 5 T AT 3 e 5
Jo R AL ARG R4 45 R 0 @ AE H L 38 52 0 >k A (R
Fo 67 % L0 T B s 402 s T XU B (Doctrine
of Double Effect, DDE) N iy {3 P 5 , i 26 e SR £F
Gk BA R AR Z R E 10 B E G S e g R i
Ja AWATTHE ALP 531 B #8558 (Updating) 4545 H T
40l J2 25 52 (Counterfactuals) #fi ¥, [z 25 52 2 4 41
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1 LA KA R R AR S R 5 YR AT
1O B P 5 B 38 2 HE DT R % SO R AT A
IS ZE X RN B0 T o B = 52 14 40 2L BT 2 AR B AR 1.
Be A, B2 = 5 3 ok H R P L SRR R RE A i 1 T &R
HEAT PR 11 28 5 A5 400, DA T £ A0 48 38 P 3R 22 T
T B 25 B8 IR B L & B ST b, R 25 R
HL X scrp A T3 0 25 PR T 53 — S TE R R
B = & %k )% (Doctrine of Triple Effect, DTE). DTE
J&= DDE ()58 3% . 44k T X FRHFMATSIE R —Fi o &
1 F B ME & 2 X 5 T o8 T 7 AR RCR 1 R B
(AT B R SRy 7= A R T R IR AT Bl I E 2 SR %
B],ALP figi & DDE #l DTE F i 45 Xk {3 A6 % 3%
B AL, 25 A B A8 B R O 45 SR 7. Pereira Al
Saptawijaya %f i 48 # J¥ (1) #i % (Tabling) HL ] 1 F¢
FEVEAT T 40 i R BB R A7 T H bs S A i)
WA E a8 MRt 7 R EH. X — a4
TP BEAR AR N AT » L NGB 4 2 e 3R
BE AT B A5 B ARAT A T J7 48 T AN S22 7E A ] B i #1 E
BIPRS00 A AR R v 3 F T 1) R G
T 16 P ) D A O B R Al R AT, R T
RASER N T A5 8 1 17 JB% R e ml s g MR AT k. B B
T FRFEIE () ALP $EFE R G0, A B R o A B 1
T I R DU A DR R A TR v 7 4 B ) AR
AN R G B PEAT R, JE T b Al T S B 1 4 38
PRI BT R i) 22 o — 1A i LA B 3 S B T fig Y 2
P BE (AR I 2R 48 Qualm™ . 76 B E HL 2 AR %2
PR35 17 R Qualm B8 47 b 52 BT 46 3 1% Bt e A5
TIPSR R T A7 G0 B2 SE IR 25 S AR B SR T 2.
Ganascia 3 - #2493 7l 1 ASP . HE 5o 4 2

' Initial
E situation)

Ak 45 1 2 S5 Ok 2 AN [8] 42 JHURE U Fré) A5 400 148 B2
PR ZE JL G T S A3k B0 B 1 T XAk TR BT A
IR o TV TE AN 5] B R 0 A (6] 155 20 1 A8 28 1 A &%
P B S T AN [ S FRME A A 25 51 DR 8 2
S IEAT ™ K% 1Y L 8¢, Ganascia 1 & T AnsProlog * £
48 A TR A4S FR PR L AR T T 0 48 3R] R AT T
ASP #ifll. Berreby 48 N 5E 1 BEAK 1Y 18 18 5% 1T:
() ASP 27 FIHE FE ] B0 DL K 16 B g 5 4 21
TR D3 F B FE e A B 128 I8 40 2 o 5 41 ik A
RGN X N T ASP T RRERR 1 &
ol S 7 37 S5 0 0] HL G 1 AT HEATHE A A TR T
— A FRE B TR SCT 2 A R Y Ak S R A —
ASPRR OC R AR T 5 H, G X A A S R X BT 4
B AAE ZE AN B R AT T I A UE. DS AT ST
T A T e s R0 A A B B 1 A B Ak 2 B
HEZLE), % HE 035 F Be k1 3B 0 5 78 ASP A st
I AR P e S Ak R el A R ELARORS  BE L (T 7 Bl
AR C, BEBHR G, LFSHA R) ok
Z\ ) (] 6) 5 3k 6452 7 i 6% 52 B2 B 1A ) 3 12 3
B2 PEAL O AT AT JR AR AT S B AT
e FE. X —HEZRRE U8 A ] 43 2 S5 40 R bR 15 12
Xof B30 AN 32 PR B 48 BRI S A R ok AR AT R ST
FIR. Cointe F NG T — 2 B Be IR 55 T & g
AR 114 £8 B0 BT S R0 2 TR IR R ) KT BB A B
S ERAT Oy A B W BR AR Z (Rl AR AT O L A8
A W A3 5 A (Awareness) | FE#r (Evaluation)
F 1 (Goodness) Fl I #f (Rightness) % P4 4~ if 2
(B 7 X — BRI YE ASP o SZ B0 T HE A 5030 » I A
— RT3 SR B TR RL A R

IN" Deontological '}

Ethical
processes | |

Modality
i event spec. ]

spec. 3
Deont.

heory of /, [ Goodness | Gonseq /Theory of /

the gdod /" |assessment "/_the right/ 7 |assess

A

Event
processes A

Event/i | Event
moto trace
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7/ Causal
motor

-

Causal
trace

@ Domain dependent data
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F

[] Domain independent rules

[ Derived knowledge

Kl 6 MEbRibi2 H L5

Bl Awareness process? Data flow
S| B Evaluation process T Knowledge base
V| [Z3Goodness process O State

[ZiRightness process [JFunction

DE >4, 5

2% RE M A8 HH i A

A 5e 4 fF B EURE A48 B D 5L R A2 B RE
PRAG BT 25 R B TR L O 1 A B b A 0 7 1
PLP R — B al 47 19 77 20, B Fe i a8 2 #fE B0 %2
FIAAT B AT S UE S 1) AT P R A0 2 i R {E
R ML 8l ) PR A8 B DR 3R, Baral 5 A\ 45 Y 1Rl S
ASP 0 UL $07 159 26 1 ME 3 B 4R RL Y 15 P-log ™ 4
FEBRIF IR M AT T P-log #k  IFBIHIE T )5 12
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A RCE. HanZE AJT & T 2T P-log #1 EP(Evolution
Prospection) (1 5 B 7 FIBE 3248 FRAE P L i B THAE
0 %oF FL, 2 X R ] AT T 0 R R

Dyoub 58 A 45t T ASP Fi ILP 42 il 1) 48 21 4
REAAR TR0 7 70 i 38 5 B0 35 00 19 e R R R
AIHE B L i 7 DU A8 491 2 > ok AR IBUA ok 28 181 58 497] 4
FHLPIT 5 0 A0 T FE AR T AR L T A B A
TLP w2 R 0] 4] BT L A 41 38 phe 56 328 486 1) fi
B SCHEAT R BN AT A8 53 A St AR L,
TLP -7 B8 3 5 5 49 A e 42 38 e 55 0o T 189 D11 2 5
ASP figf U051 4 LAY R B 2 4 ok B Xk
AFE R E B S, A iF i A BRI RIBRE T .
ALY R PR Ty dE 4 PR L L Ah . ASP SR fif g A Bl T
Ty b, G A4S BB I8 L I 45 78 AN W) 17 00 1 485 R
UEAETH45 5y . Sarlej Fl Ryan LUK E 5 i ir {4 i
18 T Sy FE Al 0P R AT 2R R HAE N S
X B O IV 1 RSB DR UL TP T 5 A E
P41 RS Xl = 1 2 R A O R BOR AT g
Tl ML 2 A, Anderson 2 A ¥ ILP T # #
1R RE AR RS BT SR L JF R T AR W R AF AR PR )
B HER MedEthEx Fll &4 F §" % fE /& EthEl",
Anderson % AJF & G HLE BT /3 4% GenEth it
{8 FH TP ke 2 2 A= iR 5 00 35 1) 46 3300 0, 3 2 57
T [11) 5 358 1) 42 BRI 91

BRI TR R RS, & —Fh
T2 L[] B i 2 32 i AT ) AL TR R DR
Gr RN ELA ML e 2 s 0 v B 2 T H Bl
MATHE A Rt 8 2% R BRI AT 5 B R,
AT HBCE R R SE R AR 5 A G A L
TR Z IR KRG 2 5575 B A 2
ST B S B AR BT T B R A 1
. eBLRR TELZ T mE . K- AT A
TR 25 b 4 3L B30 0B 0 110 ¥ I B e, i — 2D RV
A A IS R Z A YOG &R H 2, P B
HR R BT 2 A 1Y BTl B e A B T8 B RE A
I UE WA T AT fR R STAE N TR e R R
Ji ).

1SR R M4 1 22 B0 AR P BOTF IR AR IR — 28 3k
A He— G R AL, 1O AR B SR Y e A
RPN J5 TH B RN RR 2 R R 0 BRI
W e, NP LR AL 2 o 2 i e, 2 4
TP BT 75 AR A AU 22 A 40 38 e SR A8 =X 7 2 ] A5
P K= R R ZEE Y ORI A
A o AE ARSI B N Y 52 B IR AR R Bk L 58 3 KA
TLP e fif Btk J5 1o @ A 3, 48 B Al i A8 B

REVR 2 A1 Fp A SR HE = 22 0 RE A (9 48 BRI
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and moral problems. Are agents acting ethically? How do
agents deal with the ethical issues of interacting with
humans? How to design and deploy ethical agents which are
ethical? and so on. Ethical artificial agent is an important
research content of the ethics of artificial intelligence. The
ethical risks and challenges of the application of artificial
intelligence have attracted increasing attention. The research
on this issue belongs to the interdisciplinary research of
philosophy, computer science, psychology and so on. The
reflection on related ethical issues from the philosophical
perspective originated from the 1950s, Wiener’s cybernetics
and Asimov’s science fiction of the robots. From the
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ethics of artificial intelligence has aroused great attention in
academic research and industrial application, and the research
on ethical agents has gradually aroused the interest of
researchers. The paper work for ethical agent and the Turing
test, the design of paradigm. ethical agent of logic program-
ming, agent of formal verification, ethical dilemma and its
analysis and so on gives the comprehensive introduction and
discussion, and especially the content on further research
directions and challenges is a blend of the author team point
of view. Recently, there are two review articles on ethical
artificial agents research in the world, but they only focus on
some special aspects, and the scope of review is not compre-
hensive enough. The work of this paper benefits from the
support and research accumulation of the NSFC general
projects and key projects hosted by the author in recent
years. These projects have carried out a lot of research on
formal methods, artificial intelligence, logical reasoning,
knowledge engineering, big data of urban governance and
big data of education. The author has authored some books,
such as “formal method of software development” and “ordered
binary decision graph and application”. and published some
academic papers. Researchers can fully understand the
research status of ethical agents at home and abroad from the
work of this paper, and it is helpful to guide interested

researchers in this field to grasp the direction and prospects

of further research.





