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_ ImageNet AlphaGo DeepStack DeepMind
Turing test IBI\&E: ::pABIlue classification accuracy AlphaGo Zero Libratus AlphaStar
& over human Go gaming Al Texas Poker Al StarCraft AL
_— e 5 =
% |

Can store, compute, and Can listen, talk, look, and
Alan - Turing search. Typical tasks

recognize. Typical tasks

1996 2011 2016 2017 2019
e Computational Perceptional Cognitive
intelligence intelligence intelligence

Can understand, thinking, and cognize. Typical
tasks include comprehend, inference, thinking,

1950 include scientific include image decision, etc., with an emphasis on cognitive
The founder  computation, logic understanding, speech reasoning and automatically learning ability.
of A processing, statistical  recognition, language

query, etc.

translation, etc. Most are

based deep learning models.

1 AR RASE

Figure 1 The development history of human-computer gaming

N TR REMEL 2 26 3 DR T N S RN AT B AE N (35 44 RO B R C) 7). A D9 N8 RERE T 1Y
R 1, AMURPUHAR — B2 A A TR RE FC AL, LU 5T £ 2O 0 AN T REmt 7t
NPRTFHLES B RE 1 N AEZE KU AN SR BOR R B S T — R e I iR i 42, BT A
BUA I FIRANE RE/KCT, Sl WF 7 AN SEBIHT R (0 3 e 2 S Bk, A HLAS B RELE 42 (¥ ¥ Bl P9 A g
I R B A A KRR B8RP AR A eI LN LS SN e NSRS L K AT
B G RIOAES Pl ok, 0 H AR RENS AT SN REN R I RS, $2T1 B & IR REKT, IR
27 $t TR R AR BRIV I AE A AN P AR ML, gt T HE D B A2 i1 B AL R B R AL R .

2 KRAE

M 1936 FNTHEREZ BT - BRIBHZAN B R 25, AL Z 185217 8 RexT vt
JCN T BT AL R RE A R KT (R i AR (81, A S A 90 A T R R AN BTt Al SE O R B
RE, XHT BT T AR REh T BAAARIRT 3 MBI BL (B 1), AR R, S AR5 B 2R3
B puie st 7SRRI, HLAs 5 NI BT R LS B RE AT R et k.

TR R R UREAIZ S B ., Gt EWSE LN FON EBAE5S, RILRATS
Haadk, 20 A 50 SEAR, THEALA A BN ZON N TR BERI A IEN T SIS 77, (8451151
ARPRAE T O FEANRE FE L 1 N6, R B MR AR 1997 4 IBM RIEREE TSRS FE PR R ML 57
EERIMAZ K (Kasparov). WAL ERRGHL AT P23 T ARBLTF 4L, B85 7 KRR,
BT SENLSE R BT SR R BE T T K E PR AU .

AR AE E B DUE S ERER . SORBIIR SN EEES, RO 2. BEXIN. 21
2B R, DABREE 2 ) AR IS o 2 BORAE X SR 55 h IS T ERR A 1919 bR S M A 3
TR A FAE 2008 4F T J 16 HY A0 T 52 27 21 8 5 U0 5138 RMR AR 1 U AT R SR 121, 2012 4R
ImageNet 5 %€ 135 TR 27 2T B RHR 7 AR R DAZE X AR B HUAT 28 1 48 B DARZ A B2 W) 4 L B vk
WS G RS W 45

NI RE LB DIREME  HERE, BB MRS N L AL, RIVEREHEM . 2EHRE. BRHE
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HUEE N IR Be J7 T B AT A WINIEE S, B ARE BRI KT, B DRI RE 0 S A 55 fE, SR,
DR G DA 1 A G IR 5 QoK s (5-6:10.12102) i JUAF R, PAARERHE T ) DeepMind 2 RNARE, £
IHIR SR RE 7 AR | — Lo R it fg, b b SRt 2 AlphaGo 1 REFE M 28427 1B 1
2016 4 4 : 1 Mo NSSEIMGE ke T2, e N TR B8R K R B R0 R 8 e 1) DA 0 8 g
Y. 2017 4F, NEE KR /RIAEE K (University of Alberta) F132 [E & P 3EMERE K% (Carnegie Mellon
University) $&H M b8 AT 5095 560 76 1 X6 1 TR sod, T80T 2 44 TR i BRI A 4
ITIETF. 2018 4F OpenAl A H A K OpenAl-Five & EEREF, UL 2 1 W T 1 5 & ANRENViEF
SHARMBATL, 2019 443 8K AT F2JF AlphaStar LA 10 @ 1 SGHEASBRVIE T 6T ook S 8 Be ) &
LVE, [ A s R A m LR [ e T 2R BTk AT 1 OR AR R, DR Dy R il N T RE A R A
2. 2016 SER AT T RT EBRSFHRHR AL 2T 6 18] [H4E OpenAl AR KA THEAANLHE
AEVIZRMIRF- & Universe®), 2017 4F Facebook A F] JF§ T ik > & 14 EH N RA FLE 2017 4F
BEREEIE RS ERAT T AT SR, BRI 4252 WA 3 KIgpst, R0t AL o282
WD,

3 HIRKNIE

EIR AN HTE REBCARIRAT I S, FFAEAN RS U B 2 i, (ELHL B8 S AR S
AR BEHNGEEA —A RGVERRIR, A SCR AR LIRS R AT B A I 78 R Al B AH S 2 R %
Bk,

3.1 AHXFHRAH

MNHURGEI FETH SEHL G LS s NSRRI & SCRFRAE SR BT SRR BE T,
PANAUR TR 32 8 U0t FERL &% 2 REAIE N S RE R N AEHLBR AT EOR IR, e 2 8 e IS TE A% O
J71e, Gl USRS Z B S B2 3], SRR Bk sl SN E B30 BUA 58 T HLES B R Dk
RN AENLEERIR AR, AR 2808 2 B N B REKT. R AN 700k & rh, AL $i
R A LA B RE PG KA 1 25 5, AR AN P RE A, NRIHLES Z 18] A EL A 42 > ARGE A R
RS, AU BRI LRI AN E . ARG, DARIE SR AL AHURT T RE /4
SR I 1 S IR A2 TS BN, R R REAR, 50 1212 TR B N (0 e KT

B ANHISTUZ DHLA AR HUNIRAR, PAZE S 3] S % O R AR SE UL A8 B BE PRk 57 >
BEAIIRT T . VRO BRI EZETFB, AN PURBIENL S B RER e, RIS
B RERI AR RALRI AN SRR SRR SR A RO IR A 58 . PPUTbritE, BAT EERL AT SR AR
e,

3.2 AWLXTIHIE

AU PIHLEE BT TR 1% B3 M A B &R, DU AR RisAT I 5 R . ZR /M A
R TT, AL R R AR (WL R T HLEs WP AL) AIPREE CRb47T AR AN 2% 1 45
FISEEE), TA RGN HL ) 3 K. AR HTIAE T AN ST RE b, X Pif x4

1) Open AI Dota Five. https://blog.openai.com/openai-five.

2) AlphaStar. https://deepmind.com/blog/alphastar-mastering-real-time-strategy-game-starcraft-ii/.
3) OpenAl Universe. https://openai.com/blog/universe/.

4) BN 2017 FEEFRETEIKFE KRS, https://tgpe.qq.com/2017 /mobile/index.
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MRSt — Dy . N EONLES 25 IS0 A& PR B ) A e AL & S5 A AT I ZEXT Hi I 2. i T
IEEA S (= A s L ShaS A ERIBERLAS E 1, 725 2 2R R R T, NEILE & 250 B ERA
FRPEREAT A, RN IE 75 EE0E B AR AT 22 2.

IRAEAN 3 B IE, 3 ERMEAFH 2RI —ciEZE, —ouiigem=ociEzy. —oid
FEatR R h A — DR, THAR A EE 5 E R, B I — o R At e PR A
AHBE E RN ZE. iR R IR SEh A I E R IR R, BB ANLEZE . ML ZEA
NPDEZE. FUD 5 AT CLBE AL AR ] 2506 A5 0 B 35 g MR AT O 22 ST AR i sh AL 1. T =
JCIHZE RIS 3 NERA A AR ZEE AR, ATt — 7 v IR A = e ZR A IO
e SR, BEE AR P AR E R H B 2, IR B 4.

R AR AR AL T LR 22 ST AR v, AR 48 0 B 2 50 N2 58 RN R B b 22 20 S — A e B (B
MSH), 3T RIEE BRI, RUARYE XA bR B pi 46 5. FG b A Y (0 )11 i 5w DAL ol A A TR AR
M2 eI (HdESE) AWl R A BT S B I ARE, S R 7 A R R AN ) ) A 7Y e 2%
[PIXTHUAE XS HT 2% (generative adversarial networks, GAN) tHECH KR 52 31 2 Ja N T8 B 72
#0951 28K DeepMind 2> 7] B UHIF A B G+ 871K AL F2FF AlphaStar 748 F 2 TR ¥ 94k 2 2
BREE T 500 MR Z 18] (AR LI ZEE >

AR BE AR 72 1] R PT EAE D F2R 2 ST P 2 At Al Sl e, Bk, Tt 4R
2RI R AT DASE T A B REAT i R 2 R AE 2 o), B B T AN HLAIEEAN AR, DA AlphaGo 2 g
FEFF B ), FEIBLH SR i B 78 215 B RS 2R, IR S84 K% (Monte Carlo) B8 R BE1T IH7E
KA, T Libratus B RERER o, (8N Ih v SRR BN A 58 215 Bah A IR, I 3 S8 a 1 &
AMETPEAT FZER M. ISR AR R AT R B n] LT THRL S 54 20, JF REAE LR At B E4T K i
1, B AN PSR B A i S A FH R T OB, LA Libratus #2561, BAICARTE S AX Uit 7244
VL2248 (Pittsburgh) B THEALBEAT V5L, 15 SOEERRCA Modicum 1) FHIR BEA BRSK i 77 20040 3
THELPERE, SCBL TR RO A BT DL AT AR DO TR R AR I AR AT N I S A T DA
B, TR R B =07 A NS TR nT DL AR5 2. H AT DABRBE % S AR LR R
TURT RIS, O AW LS AFAE PTG 70 453 5 ST 43 A (181 S8 AR [i) g FEE R VR FE 2 S Y
BEAT 43T, T AT R DA R S 9 B s () AL R BE Dy 50, LAl 7 it — B ANLIR & 8
RESR A T REAfi ORI

4 AR R SRR

AR BEAT BT AN R, ALK B OQTE 3O Rk B P RS AR e, O L R — A
e LA I, RN RN R SRR IR B AN AR T BRAZ 0 S BREFA T . A 38 AN R O A R ok
SRR HEAT A, b Simon &5 191 B2 A 252 HH A VORI B FL RGNy IR ISR - 73 ix
T = PN TS - ST R, LR EE IR TR ) SHORE B MIFR Iy “Buih — B - ek -
[ 201 2% 44 1) OODA MR HLARIRA <A — FIWr — Hsk — 1730 U, JRIE 45 Kl
g (22 PG ILAPN SHRM - SH IR - BHBN - Jk - 17307

RSO THI ] SRS FUPAEE T B AN Lok SRR TGN IR AN HERE, DA . AT KR
ISR, AR FI AL, a0 H AR B PP 4. HEBUR RS S BN b, 6 S iR
FETPHIT ~ ANRIANTIIN, B A5 e B | X0 ) A TINS5 R SREAT 25 1) o A R R A HE B 2 I 1) SR
AT LA, B R SRIR BRI AL R AR AR _E AT REAT RIS AR, AT S SN ok S F 126
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The cyclic process of decision

/ Strategy
evaluation
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£ Decision
5 £ schedule

Computer 8 < ||

= 3 b } o Course of

5= erception Inference Decision Control action

Environment Game
inference

Counterspace Situation inference l Strategy generation | Action collaboration
representation and evaluation and optimization and control

¢ Elements, properties, * Real-time situation e Macro strategy e Sequential strategy
and relationships awareness generation representation

¢ Feature tensor * Future situation e Micro strategy » Cooperation mechanism
representation space prediction adaptation optimization

e Aggregation rule e Hierarchical situation e Group gaming and * Heterogeneous multiple
calculation inference transfer learning networks

¢ Heterogeneous e Opponent intention e Strategy evaluation e Multielement
network abstraction estimation and evolution cooperation and fusion

2 ATHAE IR R A

Figure 2 Process modeling and key technology of human-computer gaming

AAG IR, XSHUEE IR B EIRTE. A SCHR M B AN ST B —E B8 d k. R ARSI PR
OO-DA 7Y 23] FILE 5 = RHE I B rP 42 H 1 OPA. (observe-prediction-act) 241 A DA A2 A SCAR
) — L RRGI AN AR . AR SO AN HEORBEROR A st s () 2R 5 A . S H VPG SHERL . SRng 4=
BEIAG AT B R S50 4 805 I IS A S L AR SRS P SRANAT B S, SR R
IEANBIEIR A 58, B EIRTERHIRE ). AW HU LA OSBRI 2 PR,

4.1 MMEEFRRSER

FEV A A SR AR 7 A Y s 20 0 0 70 2 ) ) R R B MR . R VR AE S BRI A LR
&, RSLHANT GG, BRI, mahad . mAT P B R E R R . BRI s A
B RGBSR, AR RN E BRSNS Bk, B (1) EeYERE R E R
L FC v EAR A IR SR HRFE M, AR HTAS A RFE R s« SR S S AN+ 73 IR AE; (2) XEHEX05 17
NG R RO, WIS RS ER AR ATEBKEES; (3) X FE Bk RNE
e RO 1, AR RAL SRR S AN TSR X A5 R, B A e 25 BB S, thR A Phal i
[F] .

A R ENR SRR B SR P AR AT S0 28 (A1 AR 5 R AU L 07 7 (200, R, B TR
TR BRFALE 275 77 35 00 22 G0 3 R R0 702 () 5K B s T ¥ gl 2 R 1211, Racaniere 4 (26) 41
FH R BRI PR BEAT (AL, I3 Bl v T e St S, 3R 1 SIERIMERE A B R E. Huang 48 27)
A B 2SR A PSSR R (T R, 1 IR R 00 T 45 FEAR AR S AR R Uk Eh, AT A5 R
TR ISR R ZE. X7 AR AT AR (1) MPUAS R A - CRER, B P A
BRAF L LR IE LA HRIRR R, MR FER R, (2) XPUE ALK B R R
>3, OISR G 2R R B RS P F S A SR AR DU RE T (KIS, R 2 AR (1 X T T £ v
sREHIA; (3) ERUREEEMNER, fa 2 Ron SHETE, € XZHEER. ERUKINTTES
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FIRHLAE 1R AT, T HORSE - 7 - 0 T2 UM A M HRERR; (1) ET 74015 2M
4 04 SR8 P 2 )0, 26T RE TN, BF RT3 M R A SR, IR e S e o
e 7 PSR A S0

4.2 IMASHIHE SHEE

XU F RIS PR TT @I LIS RT3 T BRI 5 B8)) 2535 TP Al S5 4 2t
N JE SEX YIRS AL S AR A T ARSI AL BU 22 8] 2% e 2 3 AR R R (5 SCRemi, 5 vP G 5
HER I DL R Bk (1) INZRaS BRI TR () ik -F 0 ST A IR A IR (2) X F+E BAE
HEAREGELIK  ATEA), SURGEXS T 05 B AT BAR RSB ERIERE; (3) RAXT P S ET
MFT BBV RIEEARZ, A UUA REAT Al & OB M RIS

EExTBRAR, H AT E A SN IT AR RETIE, 458K DeepMind 23 A FIWFFLN B3 1511 6 5 R ZRHOR
72 BRSO R vh 7= A B DLBEAT (B M 28 A I 5. Hu 5 290 Bl TR BERR 2R I 2% 2 SRS 5 3 1R
B35, HET SBT3 Bl T, Lowe & P01 i Ho AR REAR I SIS A TH BN B REAR R A 22 ST i A
AT DASKE LM R B T HEA B REAA SR A Rt T, Shen 58 BL320 & ) T IR BESHILHL A,
A DA RGR B M UL EC L. BRI T R AW T 6L (1) v X U 10 A A, i B 2R gE
ol A RO e 2% 191 S5 D7 VR AR O T AU O AR 5 20 B A e SR B U8 (2) MRS
>, WEFUAE R B 1 LT 38 T B 38 A T VR SR B LA S B Al (3) U5 (5 B AT, B
FUAG D1 S5 B H AU U S IR R B R B P R BN S SR (4) &
JEDANR, B T4 & 2 IR AE R AT S 2 A R R PG SR

4.3 FHURBERS ML

X SR T2 B % 2 R RE AR R AR 55 LR, A R A 5 AR R AT SR i R, L BOR Bl T
e e fE BN FALE L AT RS RRIE, X FATAMFBAUR I S BORMS LR, 752
BEAT AN S A5 2 T SR SR e 35, 2 0 pR S o S W5 I, S 225 W R SR 10 20 i B 2 T A v 1) 4
REMRIL, B FAT N5 Ran 2 T HE DU S RO s ATah e 1 SRR IR R &, B 1 RA 5L A
AT AE- BRI B ™ B 22, 1 RE VRN 3t 33 B0 $70 s 18] 3 A2

BT SRS A AT A T OB, R SRS T ke 2 B 5 S VR D1 6 TR JR F 72 B B BB 20
77 3 08140 R ST i B A A P 27 20 A D7 V2 SR R R 1A 7 LI i S 133340 R L i S o
T ERAE B3], R R EBIFE 1591, B 3l g A p 1B7) 80T R SR ARAL T7 ik, WIOFJRAOBT R RLAE: (1) %
RSN A RS, At X T R0 A58 i 1 55 (40 4R TR GRS 7 v i, A3 90 J2 A 55 AR5 A 25 D R WL AR, SRELAR  2
AT ST 470 100 [ AR A4 2 (B 20 (2) IOV M AR RS, X T 1 i S 55 1) Jm 7 200 9 I R, A 322 ok
RUFEAR R AR S ms B G AL, SCBUR YRR (K 5 SR XS BLRE /1 SR BERE RE/T; (3) SRS T i, &
Xt SRS AE 70 5 2 AR T 1], A4S (5 SRS X P AL AR AN 2 5] TR SO E AL AR, S 1 5 SRS 1
H R SR TI3RTT.

4.4 IHUUTEINREISIES

SRS FRIHAAT 5 EE 2 DB RER AT B P F), 2% REARAE B B8 B RIS MBSkt L, A 52
PETTER 5 REE . BRAE  REAME . B REABIAEThRE, K 2 A RICRE AN R, TR A AT
s F SR 28 R b R A ST 2R RIS ST B, MR EERABIBA R K R, 23
R 2% B BEAR IR IR A PRS2 IR, RS RAS FIIBR & 3 1 (13RI, 37 K (R A8 2 a) A £ 2 0] 5 B 4k
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B A A 1]

FBOAHSSHIT L A L EAR 2 B e A U F) 527 2 J7 1 B8, LR PR g ik Ja ], AR TR
527 21 2B R AW [RTHEAT R AR S IR Py R IE 5 A3 i s N R 3 A i & 07-35:39) Jorh 2 20 g
i [E ) g A A AR v 2 101 L A3 = (A1) R 5 135,390 2 30 0 775 9k ) 3 SR T AN [ 0 5 i
o2 IR AR R 1421 Bt IR R, A7) P A S P AT T R AR S LA (1) BRI AT A
SRS RAL S P FINLHIOEAL « A 2 B AR IR AL 22 S R R s (2) PR S5SR Rl 20 D [RIAE 55
EERREF . FAESS SRS, (3) MBS ESREE Ol B TP ERIZAR T i, AR 551
T FINAES . ZIRIAES . ZOUAES5E, LI FRA 28 &, hFEJT 2 o, il gkt it m
B R SR

5 NAR#kE

LA HT S B AR I CECHE A 2, 3 PR 72 AR T B A e P b B L8 0 T 52 812 (9560, IR
W% IBM Watson ELZ AlphaGo 1 AlphaStar, AN [FIFREE T BN HTHE A A Wi 51X — 4
(AR T A, TR LL 2016 4F AlphaGo MO KTRMLT bR, BT T H — AN TE. A
LR B A G0 L FE AU AR K e« BV SR e S RIS, 78 2 AU A WL 38 e
2ok B R T R N K TRGGE T, AW RE R Pic T, SR T8 A TR R RARTEA
R 54 T B 6 W35 1

5.1 HEAEERERIE XTI

HELRER IS S 7 3 — L AR A E I T SV RE R /KT B 228 e, X 28k e 3 faj SR 0 L
VPRI 5 IR DEik TR 3 A BRVE Bl N ) S KR 3 (R 5 52 . R vl LRI Aot 5 2, -2 i xR 552 mT
PEVEANAS e a5 B AEAEE, W] 1T N TR eI I RFEEIT 7T AL SURLR S SEms i xk AT T2+ N T
GHIHENAN— 285 e AR RS, IIYIEE T W88 27 >0 T ZR 0T B S50R A AR A SR i el ol 70 2 Y o B
737 RBEMERE R, Horp — AR EEFAFAHUE B A DeepMind 24 ®] 2016 FEAHARIR 1) AlphaGo &5
R B AR RN ST AT 7 R IL S, T H 5 s AR E I 4G4 2] B, 2
PR Z NRBEIBLUE TR A2 50 2017 4R B N RET/R{ 3 R S RN BB 1 T
[ BE M Fh T AT (DeepStack) 12, P2 SVER F ER BEMZ2 0 4 22 ST PR AG THE AL, B RIE T “H
B AT, BENS PR A BT R R E D B SRS AR 1 X 1 JoPRVEZEMI P 5, DeepStack N T
51 APV TRIEM $h5e AT F2F. A4, R B T3 E R AR AN RS R T —fi4
N Libratus M Fh58 AT 5235 01 78 1 %5 1 JoPREEMN 4 seh, RIRETI T 2 44 TR RO HRMY A8 H 41
SO BBV R LR ) S 0% i 20 RS 2 R KB — M LR ah 341, Rk AT
FER R JUAE, XA SR T 1 1 JoBRVEAE M 41 5 1855 17 AT LAPS 3 — M i T 5=, (H 2
XF T2 00 2 To PRVE R 41 5w AR ) R, AT ) AT SVELE RS EARUE R JoaE TR RR AR 2
IR AT BRI

5.2 BB SRE& TR

I & X AL 73— M T IS HLER B RE AT 6, ATRLRRSR T XAr b, LB Bt 7 B i 32t
7. EEBOUN, SRR S RIECRE . G . RRBHEEE TR, Wk R 7 2T A
[7] DA 3% 9 47 ) B A B 22 4% ) B0 DA SE O T, 480 S F) S SRS g e C 435 2 B 8 LA & Dota2
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. G TER AL 385 DL RS 2R R EF-A1F, BIRSRERER AL U5 7K 2 rdk e, A
DeepMind. Facebook. OpenAl. =& . HEEI2=FE H ML ST WidH4E K% (Stanford University)
ORI Z B AN 5 ERe S 5 B SRSk AT IR . 72 2018 fFE PR AT [EPrikik2E
H, =& | Facebook 5 ER} I B AL AP RIRAT 3 4, Al kA vP A TR & T 1
KA. MG AT A EFE R T 2 8 R AR DR A0 5 2] S 428 BRL 0 [ ol B R 4 1), 266 T 10 B2 o 48 IO 2% A
RUFEAT U RSE R, DLAHE TR U Y ST RE s A0 55 . A EE T PR 985, Dota2 [
FEADUFAN T B3] — A7, FEE AR 4 A7 Bu AT XL, 2018 4F OpenAl JF A/ OpenAl-Five
BRENE P R TR B AL 7 =) SE O H RIS AR B, T T T 5 44 N T (RTHRMEIE ) ZH A BME (B
3N 20 1). 2019 4, DeepMind P\ SETERPET SEME AT HOAWTEUIS 580, et 2 RS 8 AL 127
AlphaStar PA 10 : 1t T B RS8R N BT IE T, Soprde i o5 TRBf B s i 2 2] BIAALE (G
P2 R 3: 37 ) W R B AT 55 AR B N SRR 8], SR TR B A 5 S HRAE 2 AN RR
T B BRI, AT 42 ms A iR e M LA RV RE DA IO NSRBI 5K . Qfe] S JIUASE7RY (1 ] i e A
SCHES I A E R B 75 2 AT BRI A R

5.3 FEEEMLMERI

T RS S AT T O R, R AR 32 21 [ 52 0 93, HEX i 2k B B S e
2016 HEEE 2 EHLHE K. (University of Cincinnati) & T 25 REFZE AV PT RS (ALPHA),
Wy S EAS TG WAT R B, hidT T R NSRS HTA NS R FH. T ALPHA 127 F 2R
TR ¥ B SR, A R SR B L N SRR T 250 5. Se MR 5 — Fh ok H Se At
ITRANE S BT &, 2SS A AR BN F & LA AL, 48 25 U AR R 18
JEHE, B S0t XAESRTT AT I AR O0AG. 2017 SRAEE 4 Se AR HE R 2E b, hE
BE b B s ST CASTA SE501 1.0 R4, i 5 ZEBA DY s A0 75 DU 5% 8 44 e ZE ik T, 31T
17 1R, AEXE TR A T AR RS R B AR 55 A OB AT SR e AT A T
A bk T 2B SRk DA KT [V A B S 35N 0 5 TN B0« VR AR SRR ARl B sh A e B2, Sl 1
EZEN T TR R IFR 3T, BEAE AR U IR, xS Al R BR B AEC, 2 S A
SSRGS R G B AR R RN = B A SR R AR, AR T R B AT LOE T A A SR
HAFAE ERPRAR; AHLO B 75 AR TAT 2 IR BRI W R A T R SR, AW T3 Fife

PAEFRATA R85 7 3 RN HURAHRN T, e b, MR35 T AR m 77 7 i
[ & RIS PR BOE . &5 SO EREZ T HEARIER BEAER, AN FIEAR B
FEAS BRI A% 70 b BRAR . HERL . PRSEEEITTAAEAE L, HESDIER RN AT S0 8 B O A .

6 REERE

AR TR B RE TR, CARIH AN B BOE I N R BN EE5], 0 AN
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Intelligent technologies of human-computer gaming
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Abstract At the frontier of artificial intelligence research, human-computer gaming (HCG) technology has be-
come a research hotspot. It provides an effective experimental environment and approach to exploring the intrinsic
growth mechanism and verifying key technologies of machine intelligence. Considering the mounting challenges
in intelligent decision-making posed by the complex, high-dynamic, and inconclusive environment coupled with
strong confrontation, this paper analyzes the research status and dissects the key elements and intrinsic gaming
mechanisms of HCG. This work also proposes a game learning-based theoretical research framework for HCG.
Based on these analyses, we discussed HCG’s key models: gaming representation and modeling, situation as-
sessment and reasoning, strategy generation, and optimization, as well as action coordination and control. The
proposed research framework has laid a foundation for the modeling, computing, and interpreting solutions of
complex cognition and decision problems. Finally, this paper summarizes the current application status and looks
to future directions of development.

Keywords artificial intelligence, human-computer gaming, machine learning, autonomous intelligent gaming,
command and decision making

Kaiqi HUANG was born in 1977. In
2004, he received his Ph.D. degree in
signal and information processing from
Southeast University, Nanjing. He is
currently a professor and a Ph.D. su-
pervisor at the Institute of Automa-

Junliang XING was born in 1984. In
2012, he received a Ph.D. degree in com-
puter science from Tsinghua University,
Beijing. Currently, he is a professor
at the Institute of Automation, Chinese
Academy of Sciences. His research in-

1
o

=

tion, Chinese Academy of Sciences. His
research interests include computer vi-
sion, computer gaming, machine learn-
ing, and artificial intelligence.

Junge ZHANG received a B.S. degree
from China University of Geosciences in
2008. In addition, in 2013, he received a
Ph.D. degree in pattern recognition and
intelligent systems from the Institute of
Automation, Chinese Academy of Sci-
ences. In July 2013, he joined the Cen-
ter for Research on Intelligent Percep-
tion and Computing), and he now serves
as a professor by special appointment.
His research interests include computer
vision, pattern recognition, deep learn-

ing, and general artificial intelligence.

550

terests include computer vision, com-
puter gaming, machine learning, and ar-
tificial intelligence.

‘Wancheng NI was born in 1978. In
2008, she received a Ph.D. degree in
control science and engineering from
Tsinghua University, Beijing. In 2010,
she then completed her postdoctoral re-
search work at the Institute of Automa-
tion, Chinese Academy of Sciences, Bei-
jing, where she is currently an asso-
ciate professor and a master’s supervi-
sor. Her research interests include data
mining, knowledge discovery, knowl-
edge graph technology, computer gam-
ing, and artificial intelligence.



