TR

LLAFE AT RS e T 2 B PR

e T HEHBI{FE -

ATESTEERTENERRERE
ik 2
B B
BRI 4 TS e B 2 2 B e A TS

F_k

wm =

ANTEEFEEES EER » & ATIARHSA NG AR
FUEEE > AEl4ERT TR ~ FREE - RSRELTTE ) dER (Observe, Orient,
Decide, Act, OODA loop) FTAE B YN - Fe ARG AE EBIRLEE » 14
BTN — P EH TR > 45T e ERTSE 0y - Y T BN

(Computer Wargaming ) A SHEEEBIAEEN - SHEBHEREE
TEERG RIRET R 2 — « Al EEHEEARFEHER - QA E
i T 8y TR o AT ENMTEROEREH 0 AR
ZaE Al B SIS ESS - NIt - ABHREREAESEE RS
THEAE 1% > DL AlphaGo IR By REblE - PRER G RIS Emy T RIEE
BRAL 7SS | (Real-time Strategy Games ) ° Al 7RI EkEL HEEL_FAHYFRIR -
e - PHEFEMEER AN DL AL FES T FEUSESS > #EmE
T E ISR T B AT -

Mtz @ 4 1 E - 5 438% - AlphaGo ~ AlphaStar ~ P gkt 25 5%

U ORSUREREEE 17 @ T R A e, PR . (AL
SAESAREAYIER) SRR © (FE R R REM— L Bl ARE G
@t DURSRSG TR g E 2 RmER -
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From Chess to Warfighting:

the Applications and Challenges of Artificial
Intelligence in Computer Wargames

Pei-Shiue Hsieh

Assistant Research Fellow
Division of Cyber Security and Decision-Making Simulation

Institute for National Defense and Security Research

Abstract

Battlefield decision-support is one of the long-awaited military
applications of Artificial Intelligence. The military is eager to have an Al-
enabled decision-support system that may shorten the processing time for
an OODA loop, enhancing the accuracy and efficiency of decision-making,
anticipating the enemy’s next move, and recommending the best tactical
options. Due to the fidelity and scalability, computer wargames are one
of the most adoptive means to simulate realistic battlefield scenarios. An
Al-enabled decision-support system must eventually prove that it is able to
dominate the mechanism of computer wargames. After defeating the world
human champions of Chess and GO, Al researchers have shifted their focus
and hope to successfully challenge real-time strategy games, which are
considered as the equivalent to computer wargames. The achievements of
Alpha Star in mastering StarCraft II have encouraged countries like the US
and China to invest in the projects that may eventually transform computer
wargame Al to a battlefield decision-support system.

Keywords: Artificial Intelligence, Wargaming, AlphaGo, AlphaStar, Real-Time
Strategy Games
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FEERA 20 40 50 FRAY AN T8E  (Artificial Intelligence, AI) -
W S A W R B 0 (R IR R B RS R o b A SR B e A AR
MR - BEIREIE - EhwiE R 5 a0 3 BB RS Y 28 i 5 i 24
AR - FFRG13 DL T 28 | (deep learning) f " 58{LEEE |
(reinforcement learning ) F{i7 R AFRAVES =R A TR ZEMHITAYE -
WFARLT N T S b R EES HBREI BB SE <2 Bl » DL T4
B HT4EEE | ( Generative Adversarial Network » GAN ) £ iy B BemiEfy
%1 | (image recognition) Al » W] DR EZ BN E B & &k
MBI FEFT R Y B & » B 0] A B fE A [EFE RISV E 5 > fhEak
(BB IS 15 D)l 48 2247 ( Synthetic Training Environment, STE ) /I &% B 5y
Mz e NS R ERN T ABGE, - EAEEE 080T
I TERGIEIEE ) AVt o FINEREERG A EVFTETEE | (Defense
Advanced Research Projects Agency, DARPA ) [FE{F#EfTHY " 258l E #E |
&t (Air Combat Evolution, ACE) - A2 awatHias B A SH L FHT(E:
I 2B - T HIFHYEGS 9 1. - DARPA PR EIHY AR R ZE# S =
FHEH TATHREE ; (Al-enabled ) A A BEEENIT(HES ~ &9 - 5543
PERE T R AR T B AEZS BRI R 2 I EE LR ST < 20
NTEEEHEESE EAEM - i Ry iss iy S a8 i 5 T SR Al
g fEHE - 2RESBHERE SR o HEESHEE E 4k
T TEE - FHEL - JLEE{TE) ,  (Observe, Orient, Decide, Act, OODA
loop ) ZEIFEHYIFE » G S ETHEREE 7T T — DR TR B g - BB Bk

5ik5E | (fogofwar) o~

Hfe MG , (computer wargaming ) R it B FR L (R EK

Scott Jones, “Third Wave Al: The Coming Revolution in Artificial Intelligence,” Six Kin,

August 27, 2018. https://www.sixkin.com/posts/3rd-wave-ai/.

Bohemia Interactive Simulations “P1AR to leverage BISim’s Technology for Virtual Reality

SAR Trainers,”, Vertical Magazine, December 3, 2019,

https://www.verticalmag.com/press-releases/plar-to-leverage-bisims-technology-for-

virtual-reality-sar-trainers/.

¢ “Training Al to Win a Dogfight.” DARPA, May 8§, 2019,
https://www.darpa.mil/news-events/2019-05-08.

° TanT. Brown, 4 New Concept of War: John Boyd, the U.S. Marines, and Maneuver Warfare,

(VA: Marine Corps University Press, 2018).
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S ET B — > Al EgeHE SRR ER - RlVEpEE T
HiE T FE o B AT EENHRERLHEREN > A 185
AIT— 5 A S UGB BS o AR SORFSIE BB RS TR A B A 3+
SRR o B Em AJEA R E A AL R N SRT R '“Tfﬁﬁ_%
HPU v i (R A R 1 20 —— T [EE Y AT ER Alpha Go - #E—
5t Google 1 T DeepMind 2% [E 401 L Alpha Go 1Y &%Pjﬁﬁm :
BRI 8% 1 AlphaStar HlER a2 A oAy " BIEFEES 458, ,  (Real-
time Strategy Games ) - ‘& AlphaStar 3 2019 VB8 T EBF
&1, I BRGE T M HUS Grandmaster FYEEA - SR BA SE
EREERVER T > AEEENER - 280 0 RS HIREI%E
B R ERES AT IVERPATR » DURRFS B ALhEh = N8 T ks, 1y
e NTEEHEPFERTIEENIEER L > 79~/ NIIPkEL -

& - FARER Al E6EE "EEZRES ) AEE

PRI ( EH B 5E5F 8 )  (The Dictionary of United States Military
Terms for Joint Usage) -~ 35 [ g B8k F 2 [E Ay ( foHERE AR AT)
( Fundamentals of War Gaming ) > DU, ( BEEEEFH ) > THMDHE T %
EEESEENERET » RS AEE 2 HH - BiEsiey - g
HIZAEARI » VB B e MreGER FE T ER— TR | - A EPRETHS
| Bl B Py B IR R 2 — o ¢ ﬁﬁﬁéiﬁ?ﬁxﬁﬁi?mﬁ Tk TR B RDESR

( Tabletop Exercise, TTX ) B " &SI | (Computer Wargames ) [y A

TR EARUESR ) SeAREY TS ) R s AL E] DUSE B EE E
AyZEfd - AR > BRI AVESERY - HHER AV R AR
HE N K ERE G BB REHE - BREIEAGEEOET T HOR

(adjudication) FT{etH » ¥R ERITERCT AT TRHE LR - AEm AR
FERE o AR B m R 2 22 - 1L > TR, IR AR
bl B - RSB RE S RE AT ?ﬁ/ﬁffﬁ%ﬁ’ﬁ& IR BT FE
FFEES > Wl RAEE A FISR THVEEEE - | BT ) Sgeay

6 “The Dictionary of United States Military Terms for Joint Usage 2021,” DOD

http://www.jcs.mil/Doctrine/DOD-Terminology/; Francis J. McHugh, Fundamentals of
War Gaming, (Newport, R.1.: Naval War College, 2013) : [0 B B B o gy Bl 4 d 2
B (BHEESGHL U 2FE B TR 0 (830 BFE > 2003) -
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NEERE S - TN EE AR T ALRREE ) 1Y T ERIGASREIEN 247

( Decision-support System ) ~ FJREME o 7 A B EHSHVERFE ST > 78
e B SR B ER 1 > IR R EE 5 2 (B3 - fimeEsg T -
JHE « DLEEEATTED | JEfE (Observe, Orient, Decide, Act, OODA loop ) it
FEENYRERE - IRTHATRIEZEE YRR » WIHHAEOTH F—3F > 45T RI4R
HE iR s

SR > BEE baft T EIRBIRF R AR RE S 48 TR R | Y AL

HAEREN T @AM A T2 E: | (Artificial General Intelligence, AGI) E,
"I AT EEE ) (Strong Al) - BlgE#wiETH T8 - #HEHEEEZ AW
H R - 7] DASTH A RS T B TR BT 4k - IR ERE ST
—REEE / BRI ATEE - GFE AN TLEENEELERTES LD
AR BEERAY ATDRTRAE < © S HAY AL AT B RS P - 5 E)
HAEMNEHERCA RCER  BINFEEN T 99 A THE | (Weak
Al) 2 TPk N T2E | (Artificial Narrow Intelligence, ANI) » H[J4%3H
Gk - R LU N TR EMEE - MERLAE AL ERDUESIE A T 22
— =~ fESESSE  YERSR ik B T SRR E S EY R AR - Bl
BT " ERASITAE B AL BEAR BEDL T HIERE £ %, (Knowledge-based
Systems ) = " HiHIEE 2245 ; (Rule-based Systems) HYJFiEME « B
JeHl TR HIEEL 5, (Subject Matter Experts, SME) » $ ¥ 4K fi#
HIRTRE (i.e. SoHETLR ) 3 ATREMIZE Y FTRE AV AIRRELENE » R ERE
HIHERAR AL > 1 Ry BB Al FE¥ R [E5 5 - (AR EEEE HUMHE B GRS I 4
FRIE T ZE 2 A 7 A DR TR | B THRANE ) B T EREE

7 Karel van den Bosch and Adelbert Bronkhorst, “Human-Al Cooperation to Benefit Military
Decision Making,” NATO STO Proceedings, May 25, 2018,
https://www.sto.nato.int/publications/STO%20Meeting%20Proceedings/STO-MP-IST-160/
MP-IST-160-S3-1.pdf; Robert Rasch and Alexander Kott, “Incorporating Al into Military
Decision Making: An Experiment,” IEEE Intelligent Systems, Vol.18, Issue 4, July-Aug,
2003, pp.18- 26.

¥ Kathleen Walch, “Rethinking Weak Vs. Strong,” Forbes, October 4, 2019,

Alhttps://www.forbes.com/sites/cognitiveworld/2019/10/04/rethinking-weak-vs-strong-ai/

?sh=2c2ae50f6da3.

Madeira, Vincent, Charles and Ramalho, Geber. “Steps toward Building of a Good Al for

Complex Wargame-Type Simulation Games,” 3rd International Conference on Intelligent

Games and Simulation, GAME-ON (2002), November 29-30, 2002,

https://www.researchgate.net/publication/221024440 Steps toward Building of a Good

Al for Complex Wargame-Type Simulation Games.; Danile Livingstone, “Coevolution

in Hierarchical Al for Strategy Games,” Proceedings of the 2005 IEEE Symposium on
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(Prescriptive) -~ BIEANESGIVHEERE > LIRSS -
DRI ) HURRE T BT R UE M E B R - SRR T RIERE BT
U ) Byt o et A e i AT T 2 o e AR A
SRR E - MEE R SNSRI B EAE T2 - RRETIHY
WS - iRamas ek | AR R RAC ARSI 40 T oA SRER  HY AL - AL
TR A B B A S R B S s s B 1IN A ]
MABNEE AT - PR T T AL IERERIMESS ) #5002

"ERE  ATHYEESE o B0 - SEHNE ALBY— 5 SRS - 0B
4B ALSTURY B R IF R SRAVEFRE] » FeatTiniE Al BYEIR AT LIS 5E
—{E[EEHAR - BE

WA ZHIHE > ] AR R B Y Z2E 850 - H 2 2 g
Al B A B2 NEG B E - HE AL EHH B - RILVETE
BAE DB REE | RAPRA MRS o 1 ERAIAAYEE T REEA
5] ; (RAND Corporation) {F—35FE5T | it NEEEEEGEZE ) /YR B
RUGCHE > JREdis T TRRIIMESS | WY 7 RIS RE T ATHRAE | AV A
s SATE DTS EARES - Bl > BEEERTEEA Y 12 W T MEESET e
(Robotic Combat Vehicle, RCV ) » {985 Al RIFZAVERHES ~ MVESEH
NTTHEZHEEEIL T » —RIAREERE 4 B TIRER ; A > 05REE
S AL RS AV ER BN #ETT RCVs AYHR(E » A4 30 12 §f RCVs B EE
B o H BEHEE BRI EEFEI NACHEL - 2R B IEE DA HY. 0
fe > FrEnviE NECE RS TSR )V EEETTRER A - 0R
EEEELS T ALBRAE ) AV A EmE) > RIBEERY T AMERS | BB
DIAR USRS PRI o] B AR AT TITEE » hAh - ASIN AL
HASHEHEEMNENEE - B15 "ALKEE | E A EmBhaVEEE
EREx > TEAEHE BT (Rate of Fire) A TEESMIIZE - 1% > 1F
A ALRHSHIEN T » STIB R VB R T e A Z2 Rk A |
(Unmanned Aerial Vehicle, UAV ) - PVEEBLE(TIEHEREAIRY T n] @ A\ E
E5 ; (Optionally Manned Fighting Vehicle » OMFV ) {EF{F 4 /N EHAY

Computational Intelligence and Games, Essex University, Colchester, Essex, UK, 4-6 April,
2005.

10 Sydney J. Freedberg Jr. “Simulating A Super Brain: Artificial Intelligence In Wargames,”
Breaking Defense, April 26,2019,
https://breakingdefense.com/2019/04/simulating-a-super- brain-artificial-intelligence-in-
wargames/.
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imiEnE - B BB ENERITEER - WRE T —EEA RERH
PR Eh e ; MHE - BB " ALBKAE | RHAVEEE R > H UAVs /Y
PRIEA 2 4 AEAVEEEIRS] > HIEEEyh s & RE L H R & T EBR A
F > fERS g -

s EAtay T3 BT R N R SR A REGRIESS > DLk Al
HEFRATRER B B 4 - MECERRARIC (BN e Z B AT AL 5
s ATHIRIET » T TR ) WEBEERG AN TEZRHTRER - ALRY#E

ES5FE =R BRI ATBHFEEGE Z Fr LR - IR A A
TESRRE BRI T s L BIETER > SR AR AR R
FIEBRAFAREMA U, - EDUETEIRER - " it
&5 ALEER AR EHRIATRE T8 - QREEREAEIEE

FIETAIEA R > B e I (R B TR AR Y B BT = e B 3 R
RESOHR R A% AIE RIS ALAYENE - IR Al RELDSTRT R R R -
BHR o

£ - {it IBM REEZF| Alpha Go: ERa#kE AR RAVALR

(EERIIBAS [ REEIERIFRARRE SIS TIORSRIER ) 1Y AT S
A5 > PSR R AR e B PR B SRR RAY | Sl AT 3 FR
N B SEMIRIH R E AR - ST R R LIS e B - S35
PRI ZR I — 4 - & T B T AR ) AR EG LR ER I B
SYRsT > WA BAYEOR UL A ER] ) (Rules of Engagement)
TS o AN - —ESe R IR SRS - BEaH T 2R
oty ~ TR/ AT EREISE AR, T HEEErT, B TR
SRt ) BIUAE -

AT HE I ZC 8 B BRIk - 31 25 FERELER T
B R R - P40 > 1997 £E IBM X ] B S AY T 288, (Deep
Blue) - SR 1 & Wy Ay PRI FUS BRI iIE 28 0% (Garry Kimovich

"' Danielle C. Tarraf et. al., “An Experiment in Tactical Wargaming with Platforms Enabled

by Artificial Intelligence,” RAND Corporation, 2020,
https://www.rand.org/pubs/research _ reports/RRA423-1.html.

' Kristian Kersting, “Rethinking Computer Science Through Al,” K7 - Kiinstliche Intelligenz,
Issue. 4, 2020, pp. 435437,
https://link.springer.com/content/pdf./10.1007/s13218-020-00692-5.pdf.
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Kasparov) - & LR EGHIBE G NS ACN /NUETE - T REL ) &
FEBEIA SR FEERRE ST - H—JL%EWT}E\ o DUREE A RTRERY
8 USRI, TR L ) URES . BIE TSR R = YRS -
RIE - T REE ﬁﬁﬂwﬁcﬂ’])ﬂz% EAFRMIFTHARRHY - RESWERE NS
A HY ALSHE — KRB -

— ~ AlphaGo : # 7 Bl e B A 2 4

IBM 1y " 5REE | BERS > FrAsE iDL T a3 Jo i | Bt
TS NS HORATEYEEEE » (RR F—1{ 8x8 K/ ~ 3 64 BTG+
AR > 5 TARREZERIHE S | (state-space complexity ) > HLELZTE
TR I AEHIREE o] LB LAY FT A Fr & #R R EIRRE AR S - &9 5 10 /Y
47 RTF5 > ERSHRE B BRI R E RIS o T REE %@HN\*E
HEFEER - MRS I ERS T AR B S E R K ER & o 1
Rl - A T EASER S JHTEE 0 2 e B @H%E%ﬁ%
EEH > S (E5EE A R R ISR RE 22 B 72T - 281 > |
—flE 19x19 KN » 3 361 BV EIMEAR » H T RREZERIERE |
AJEE 10 1Y 171 K5 - HPATREEANT BB, (game tree) - E
FEREBIEF SN APTRERHE - R » AR B AE ST HHBE e
B AL | —EH)HEERRERE - HE 2016 4 > 4 H Google Jif
T HY DeepMind [ % it % AlphaGo » DL 4 @ 1 HYRCEEE s T R g5y
HAREHEERHE -

AlphaGo FAMA B - S (E# R A N TSP BN &%
[Fi%# ? DeepMind B EEEDL T 28 B2 | 7L (Deep Learning ) F5FEHE -
# AlphaGo 2517 " SRES4EEE | (Policy Network) B I 2F{L4EREE | (Value
Network ) - DAL A Al RS © 075 T SEiRaEpHE =04 , (Monte
Carlo Tree Search » MCTS ) » BRI CE DU E B TR RERYDE - Ugaa

Larry Greenemeier, “20 Years after Deep Blue: How Al Has Advanced Since Conquering
Chess,” Scientific American, June 2, 2017,
https://www.scientificamerican.com/article/20-years-after-deep-blue-how-ai-has-advanced-
since-conquering-chess/.

" Ibid.

Alex Hern, “AlphaGo: Its Creator on the Computer that Learns by Thinking,” the Guardian,
March 15, 2016,
https://www.theguardian.com/technology/2016/mar/15/alphago-what-does-google-
advanced-software-go-next.
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B Ry A THYRELES <

Fiagey TR o BN EEAEREAREE (L
RREEYIVREUEITHEAL ~ BB ARy = - &Crh TREERE ) B9
& WGBS R I NS HHIAVES - 250 AlphaGo JEHRIA
AV —(E 8 —— " SRES MRS | - B SEE NHRITT Bfsis - miiE 2t
HVE T PSRN E B T R ATERE N —F > DR
FAIRETTIHE TR - DeepMind [ Alpha Go &4 16 55 A
HIZRHIEEE - HrhE1E 74 3,000 EZPAYEHES - Alpha Go E£2EHZHLA
ST AR E BRI 0AE o B A L U DU YRS - 7
Alpha Go JEEARYEE (EHRE (r " 5P 4ERS L - EHEE NBHITT R
o ERAEZAVE T - HTgRBES ARSI EE > TH
PP ) Bt B eSS - RS | BRI CHIETH T SRS AEES
S B R ESAY AT RE AU - CEBLEERE AL STl T8 ) AEAYHH
RETTELY BB TSR L R B AR R AHES -

Alpha Go JEEUAS = (EHRE ) " S REME =L, > HZ0
e T BEITA ) o BEBE RS - BUIESTAVENGE: - B
AT FRARYKRA# - DeepMind BIRAEHEEATIIA F S REGHES | £y
HEVER: - 538 "SGR ) Frs i B - AEREtt e " o
S ) AV RE AR TP B A FRLE > SRR s R s R EAH
B o ¥ BITIEANRTAL - A EIREEY ARREZE MR R H TR A A Y
PEBOASREE ) BYRER » AR A R AREE R - BIE AT
IV LIV NS SRV S ND =l (7%= B St ST o k. S
#h-REgthY =R ) EEERVAMS > Alpha Go REHAE KT [H N BE &S
BB B P R A S T AH R Z [E AR T -

David Silver et. al., “Mastering the Game of Go Without Human Knowledge,” Nature,
Vol. 550, October 2017, pp. 354-359. https://www.nature.com/articles/nature24270.
Silver et. al., ibid; Sagar Sharma, “Policy Networks vs Value Networks in Reinforcement
Learning,” Toward Data Science, August 5, 2018,
https://towardsdatascience.com/policy-networks-vs-value-networks-in-reinforcement-
learning-da2776056ad2; “A Simple Alpha(Go) Zero Tutorial,” Stanford University,
5 December 29, 2017, https://web.stanford.edu/~surag/posts/alphazero.html.

Ibid.
Sagar Sharma, “MCTS For Every Data Science Enthusiast,” Toward Data Science, August 1,
2018, https://towardsdatascience.com/monte-carlo-tree-search-158a917a8baa.
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= ~ AlphaGo Zero : i X 2 Fepie e &

TEEMZHE% » DeepMind B[54k AR A Alpha Go Master >
1E 0 B Y B AR E AR ZE » ZREM AT RS E i R%E
TERAFF > HUFS 60 ZHf5AYRLAE - * 1% > DeepMind [B 5 5 A [ 48 K
Alpha Go Ei Alpha Go Master 3B 1% » #— 20 535 5 &y SR HY AR AN ——
AlphaGo Zero = DeepMind [El[5GEHTHY Al 58 277 8 H FH 2507 7 =K
HEM - BREPANEANEESNVEEEE - e rim A B
% » IF-3E AlphaGo Zero HIREPLELEY - HEILIEZE Al 1EEFGT
SRR TEVEHEE R AN F o BRI HEEANFEZE
U8k HHABESSRYETE » Alpha Go Zero {E1EAEE A AN T2
TEARFNHIYEEES 4 > Alpha Go Zero HYEEVA T G —im¥251%
IKFREA IR KAV E RS » MRS B R ALY © Alpha Go
Zero JESLL 2 mIEE RMIAGER » BT DL 100% FYHS 252 RS SR SR A\ SHTE
RHEFZHE Y Alpha Go > 55 DL 90% HYEZREREISE AT 60 Hifi% 20 5% 2
FEF-HY Alpha Go Master - *'

= ~ AlphaStar : fESEB R BREH A B L ER

B EERE » BI{F DeepMind EH X FTBZEHY Al » SIH1E B &
BT NBRVTEREF » MR A L ECKEE DU - WAEHEE
FR &G T NPT TRIARYE) o EE U MZRE A R AR DR 0 W
FHMFEREZNIER - Bt e EEEEEL BB T Tes
S TFHVES | (Perfect Information Games ) ° B3 L B 280 iBFZRE T 4
R PFTERE > WA A AR AT iR B T A T A i
EERIAVIRSE - AHEHY » NSV EE TR R AR b T B
PERAERIRN - gl TGS ) BURET > B EE LV HE AER

* Matt Reynolds, “DeepMind’s Al Beats World’s Best Go Player in Latest Face-off,” New
Scientist, May 23, 2017,
https://www.newscientist.com/article/2132086-deepminds-ai-beats-worlds-best-go-player-
in-latest-face-off/.

James Somer, “How the Artificial-Intelligence Program AlphaZero Mastered Its Games,”
New Yorker, December 28, 2018.
https://www.newyorker.com/science/elements/how-the-artificial-intelligence-program-
alphazero-mastered-its-games; Belani Gaurav, “Why DeepMind AlphaGo Zero is a Game
Changer for Al Research,” PacktPub, May 9, 2019, https://hub.packtpub.com/deepmind-
alphago-zero-game-changer-for-ai-research/.
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HFEL - AREZEREDS FaUMERRRE - TR T A 5E2iE
&S5 | (Imperfect Information Games ) ©

HAR > Ao PERSEEY - HARATRZEEARE - M2 E)
HYRTRETE - (/D R R ] P L PR B R S B 5700 » DeepMind B[R
ety T ORERAERES ) B T RPAhAERS ) REDEM S - (BB AIEE
ABEIGRIT T > BB R ~ 525 - FllSH Alpha Go By AL - 200
Fy 1 7% AT RE AR E B RSP R R BB AR - TP (o AV EIGER IR
b & s S AV R FB S i N & - AETh I T B 1L - &Sk
YRR IR R - SRR AR EERE AT AYFISREL 2 S - 15t 2 Fefa] IBM HY

OREE ) R 1997 SE(EAEG AR BRI R I FUEE - —EF 2016 4F
7 i3 Alpha Go [RIIPREREIMATIR N Z — o SEFEAHBHPFERL - [EfH
iy TIRREZE MRS | SREIS 20 - 1 " BRI RSN, AR » SR
B ATREELEE -

> AR, T ARZE ) B o HOT DA AR T
FEIRA S » LIPS - & 05A 6 R [EAVATE ol > S
A T REAERAE AT o BEERE R B a WAl e o LAl
FeETREEM A (ER) DL RSB - HOVARRGERE « 8~ 22~ X
ZE ~ MRS EEGE IORTFERSHISE R - EE2EE (BIR) FrifiizEsy
i (FFERERMY ) AV DL B - SR — R BUSIES, - &
HEARE » BUESE A B T EIEH] ) WL - REEIR RS R
HY R e B RS RS A6 P e s e B b <7 T [RIF 1780 - S 5iRIE
B R G AR S SR R A T T RIRF AR SRS -

B - @ T AR, TEEH ) BT EeEEE ) /Y
—NRAHIEAEEY - BT DU [ERVRHS T TEE R I 2E - Mk T RE EE AR AR R R
HEER - AN > oAy AT MR ERRE AR - DS R AV BT R
Z > EAFERIEHRN R E T - REA S A ERVEER - — MRS,
TRERSE R WL RE I SRR 2R

S T B RS S BA L T e, - T SRk

* Laurent Doyenl and Jean-Francois Raskin, “Games with Imperfect Information: Theory
and Algorithms,” CNRS, June 1, 2011,
http://www.lsv.fr/~doyen/papers/Games_with Imperfect Information Theory Algorithms.
pdf.
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J& B DA aEiE ) FRRE o L > plZhBE % AlphaGo Bl AlphaGo
Zero » W 5¢ [EIfHHY DeepMind B[ - fbH 58 S RGE m) N T EAE B
e B 22 5%, VAR A - DeepMind H|[X 2% (2785 % 2) (StarCraft
D) - SRR IRY AR B2 N ETEREIRT BB S 1 R e HIARRY > s
F Alpha Star (Y N TEE < » 5 2H00 (BIBFFE 2) 1ML BE
HYTRERRZE » DL kA KB Du o B 25 E RIS - A ALEY
A GRERAE K, - * 5% B ATRARTER U 31| SR SRIE 5o i 4 B B2 3|
7\ > # Alpha Star KEWIFE AR (BIFFE 2) HEEFEe: 15
T AR BT R R R ERH A B SRS A (F - DeepMind [ 2 AT LU
i " ETEEEE ) T Alpha Star $HFSE AR IEAVERIRE - (R R ED
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HERk AR E o B bfE 772 > Alpha Star EL48EE DLUBREI A (B S
(95% HIPsAR ) Bl (BIBFE 2) WERY THESE ) (elite) SFER AL

FE7# 17 T Alpha Star Y BLBE R (E £ e - B L AL 8 B
DeepMind FXHAIE ST [ £ AlphaGo Zero AREFZHYFISR AN © 54
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J& » ItAT AlphaGo Zero FTEREUHY H HE 7R & & L PRy | SRigE
T o WELEERKEIZENHE - SRR ARSI R TEERE -
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> The AlphaStar Team, “AlphaStar: Mastering the Real-Time Strategy Game StarCraft II,”

DeepMind, January 24, 2019,
https://deepmind.com/blog/article/alphastar-mastering-real-time-strategy-game-starcraft-ii.
Dan Garisto, “Google Al Beats Top Human Players at Strategy Game StarCraft I1,” Nature,
October 30, 2019, https://www.nature.com/articles/d41586-019-03298-6.

The AlphaStar Team, “AlphaStar: Mastering the Real-Time Strategy Game StarCraft II,” ibid.
Paul Scharre and Michael Horowitz, “Artificial Intelligence: What Every Policymaker
Needs
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to Know, ” CNAS, June 19, 2018,
https://www.cnas.org/publications/reports/artificial-intelligence-what-every-policymaker-
needs-to-know.
" The AlphaStar Team, “AlphaStar: Mastering the Real-Time Strategy Game StarCraft I1,” ibid.
% Elsa B. Kania, “Chinese Military Innovation in Artificial Intelligence,” CNAS, June 7, 2019,
https://www.cnas.org/publications/congressional-testimony/chinese-military-innovation-
in-artificial-intelligence.
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Yuxiang Sun and Bo Yu et al., “Research and Implementation of Hybrid Intelligent Wargame

Based on Prior Knowledge-DQN Algorithm,” Electronics. 2020; 9(10):1668.

https://www.mdpi.com/2079-9292/9/10/1668; Yanghui Fu and Xingxing Liang et al.,

“Coordinating Multi-Agent Deep Reinforcement Learning in Wargame,” 2020 3rd

International Conference on Algorithms, Computing and Artificial Intelligence, Article

No.: 5, December 2020, pp. 1-5,

https://dl.acm.org/doi/10.1145/3446132.3446137.
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B EER - e IREEEE U8 - 2=~ ETERELEERITH S
TEEEE - B H AT A LR - SRR T AR RS

( Commercial-off-the-shelf Wargame Software ) ° *

(i - HAMERD By " RARERN BEATIRERSR - IREETS
BAERABAREEZITS TSR - B T HEAEER ) EEEGaRE
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32 Daniel S. Hoadley and Kelley M. Sayler, “Artificial Intelligence and National Security:

Updated November 10, 2020,” Congressional Research Service, November 10, 2020,
https://crsreports.congress.gov/product/pdf/R/R45178/10.

3 “DARPA Chooses Al Teams to Hack Video Games Like StarCraft II to Advance Pentagon
War Game Scenarios,” DARPA, May 13, 2020.
https://www.darpa.mil/news-events/2020-05-13.

3 Kelsey Atherton, “DARPA Wants Wargame Al To Never Fight Fair ,” Breaking Defense,

August 18, 2020,

https://breakingdefense.com/2020/08/darpa-wants-wargame-ai-to-never-fight-fair/.

NewsRoom, “Northrop Grumman Awarded DARPA Gamebreaker Contract,” Northrop

Grumman, August 12, 2020,

https://news.northropgrumman.com/news/releases/northrop-grumman-awarded-darpa-

gamebreaker-contract.
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Tasks (ADAPT) HYEZiE > JE1S DARPA [LIH & 4UHY KRS Aptima
HEHEE (Minecraft) JE30EAFTHYZ A8 Rl - fERBIRER " A

FEFHRM2 BT EEyZE (Defense Science and Technology Laboratory, DSTL ) ~ &[]
WrFPER B 22 # (Luftwaffe ) SEBE BN - DU H ~ /8% 18 . BT (Lockheed
Martin ) ~ TR EZE AN » 5, Matrix Games, “Command Professsional Edition,
https://command.matrixgames.com/?page id=3822; Bruce Postlethwaite, “Command:
Modern Operations Review-prettier and Smarter,” Wargamer, January 21, 2021,
https://www.wargamer.com/command-modern-operations/review.

(520 PREE 2 HEIE BRI TS 24 NIHRICETE ) 0 (EHRR) > 2020 4

5 H 20 H - https://news.ltn.com.tw/news/politics/breakingnews/3171699 -

John Keller, “Researchers Eye Embedding Artificial Intelligence (Al) into War Games

Simulation to Beef-up Challenges,” Military & Aerospace Electronics, Jun 3, 2020,

https://www.militaryaerospace.com/computers/article/14177043/artificial-intelligence-ai-

war-games-simulation.
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BEHS » SRR TR LIRS 248 0 WBIC TS KA TIEE T - 7
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EEEOR T B AREEIRE THY AN T E ) iEh T > ks
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o flan > EE T BEERER R4 FEEE ,  (Navy Information
Warfare System Command ) 8 NgY " A BEEHIEE L, (Navy
Information Warfare Center-Pacific) > [ 7 &1 AJB S SR 77 /5L Al
B 7Y EE RS AR SS S RYISE » TR RIS B BN B R J& BV
FEIIAZE » NIWC-Pacific %45 T " HHRBREE | (Five Eyes) By " RHE

9 Kelsey Atherton, “DARPA Trains Al To Understand Humans — In Minecraft ,” Breaking
Defense, August 14, 2020,
https://breakingdefense.com/2020/08/darpa-trains-ai-to-understand-humans-in-minecraft/.

" Sebastian Moss, “The Air Force Research Lab is Building a Video Game for Al Wargaming,”
Al Businesss, May 13, 2020, https://aibusiness.com/document.asp?doc_id=761303.
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Bl F-35 So e iny " Sl Tz , (Skunk Works) - i 7R/ Al &
B M - T A T EE A RASHT T EERE I SE - @

BEEEENE B miE. BT Z AT DA #haE B 2 NI K2
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E i KAV E B EEMEE T EZE TS - BR T | 2B SR B B
| (the National Training and Simulation Association, NTSA) » 3£
R AR E] S HEY " R CEIIRE S AR | (Synthetic Training
Environment Cross-Functional Teams, STECFT ) 483 NS5/ dba B2 -
Bl g®m O IlEE ZRES  BFA 140 ENEED%
oK 20 [BEEHIU S - HPBIEBEEHANEEERMES - 1tIh
e B INZE P/ NEEERE A TR - Rl - TAZEEEE2 | (Science,

' Maison Piedfort, “The Ultimate Game of Chess: War Games, Machine Learning, and

Artificial Intelligence,” DVIDS, February 10, 2021,
https://www.dvidshub.net/news/388823/ultimate-game-chess-war-games-machine-learning-
and-artificial-intelligence.

* Ibid.
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(visible, accessible, understandable ) ° ¥

s Benjamin Weiser, “Computer Simulations Attempting to Predict the Price of Victory,”

Washington Post, January 20, 1991,
https://www.washingtonpost.com/archive/politics/1991/01/20/computer-simulations-
attempting-to-predict-the-price-of-victory/431e5daa-377b-4541-8f69-cf8bfd75e2a2/.
Sydney J. Freedberg Jr., “Exclusive Pentagon’s Al Problem Is ‘Dirty’ Data: Lt. Gen.
Shanahan,” Breaking Defense, November 13, 2019,
https://breakingdefense.com/2019/11/exclusive-pentagons-ai-problem-is-dirty-data-1t-
gen-shanahan/.
* “DOD Issues New Data Strategy,” Department of Defense Newsroom, October 8, 2020.
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https://www.defense.gov/Newsroom/Releases/Release/Article/2376629/dod-issues-new-
data-strategy/.

46 George I. Seffers, “Researchers Add Data Science to Art of Wargames,” AFCEA, January
10, 2019. https://www.afcea.org/content/researchers-add-data-science-art-wargames.
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* John Keller, “Four U.S. Technology Companies Take on Self-aware Artificial Intelligence (AI)
and Machine Learning,” Military & Aerospace Electronics, Oct 14, 2019,
https://www.militaryaerospace.com/computers/article/14068536/self-aware-artificial-
intelligence-ai-machine-learning.
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