Arena: ZEgEAFBELELEIIFE

TEIX—FT, BIVENE— 144 Arena (Song et al., 2019) HIH T 77 2 & gtk g b 2% >
(Multi-Agent Reinforcement Learning, MARL) HJIIH . FRATIRME 7 — 28 FFLK KA Arena
T RO, ALHE— 5 B A I R AN — A 17 BRL R OUE BRI R, R F AN 8] ) 22 Jh AL o
Arena HR2ZEIHLE & —FpE X2 BRIk AL 245 7, AFEA R ) (Non-Learnable) |
JSTH) (Isolated) a4+ (Competitive)s A {E[] (Collaborative) FIRG ALK (Mixed) fh4358
Fo AEPZELHI AT LAE —NiEkg St T F— N2 s b, AN E R E5 b ]
PAFHAS R3], TC & o 0B B8 T i AR BRI I S5 A 1 2, ) AR Sk 4 T b ik 22 Y
R RAMR R R Msh, FATBIEIR T1E Arena A FHEEAEE ISR, BHE4E T2 CSLEl
(1) 2 B Be AR AN 7 o) SRR AE it . I XANTE , AR B S it — M HMLHE, ok
BF 98 AE 78 il Al w55 A 22 8 e A s Ak 2 S BVE ) R 3.

Arena #&—ME Unity F0 2R RE 5 S BMT IR B A & . e 2B R ER R T
RS SIS, X 2R AR T R I 2 X R AT R IIECE . Arena AL & X 0GR
2 Re AR 2 o) R B AE R SR I, T DAFE B PO I AT R L AR . RUASK L,  Arena 2
— AN B PO A AR L 2 R R AR A 2 DG R LRI R ) TR, R DR ER 2
REAA IR, Arena 7 T35 — AFRELEE = AFRENVESRUERR, (58T Unity BT 0078 G R0 R SLHI
3D fi B3 i A% A B DeepMind K AT HIFFURIH OpenSpiel, M%7 T 2 8 GRAA LR
e o

Arena T A EE L. (1) JFR T EA (the Building Toolkit), 7] LA SREHE M @4 &
IR 2 5 BEARFREE; (2) FEUERE (the Baselines), 7] BAF] MARL 5532 S 445 2 B 455
AT MM Arena TP ETIT .
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171 %%E

Unity ML-agents B Z{EH Arena fUFTHE, 75 E/EMH Arena Z B H %3 . Arena 56%
()22 e AR T A T R AL AR HE R % B B E 77 Pk

WE, WRIREERE R PR (Bl X-Server) HIIZEFER % 5% g 47 8 IR )
X-Server, HSAVRH T EARYE 17.3.1 15 H 8L Arena B M _E 148K BCE LR IR

G2 a5, BATTLLRILAE Arena X3 T Arena-BuildingToolkit/Assets/Arena
SDK/GameSet/SCAFHT, A JLA> CAL S 4 (1 Bk 45 5 58 B 7E 2 [A) B sk s« eI TR T il
YELFIVY, AEJ9EF Arena 411, AR AT LADE TS T A7 3K L83 08 1) A Ok B 4 i P2 % Arena 72 W] T
PEWT . A 1A R ZSL I [F] — A Unity 50H o B —MNIAREAE — DML SR, ik
RIS et 44 . ArenaSDR SUAFFAFIL T FrA I 52 AL ZARS . STARFIThRE . AR X
#%5j Unity ML-agents T H AL A GE— 5.

17.2 F Arena FF& 5%

FATKAL A Arena TR T HAL AL VF 2 UK SEARFI 2 R BEAA DI RE, RIBR— 2R
PR ISR, EATRER MG, EIRIFIEZAT, FATHEMROEA 7 KT Unity A
TR, Hk, HEFEVRSE 52 U W roll-a-ball ZFE K 2% 3] 56T Unity f)— S FEAME S

T A Arena, 1217 Unity, EHEFTHFIUE, &£ w fEECT 200 “ Arena-BuildingToolkit” 3C
o B — AT I B B AT RE2 A6 9% — € I A]

PATATLUE B Arena U T JLHANEEF AR . EA1 TYe it 1E )y Arena FIBII, RHAT
DA 5] 152 36 1 i 4] R A SR gt — 2D B Arena & QAT TAE ) FRATHEAE T /N 1Y 32 (45 i 2
I FEATE T

Assets > ArenaSDK > GameSet >

Walljump  YouShallNotP...

17.1 Arena SCHF oI EA B
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%17

-

%  Arena: ZHRARBILE TS

17.2.1 EEMBEITEEK

FATIHEE — D IEA R BTSN AT U«
o QIR A ICEIRATIT AR I E . BATVRIR R QIES T “1P” Sk,

o {EZCIA) “Hierarchy” % 191, FATMIER > ) Main Camera F1 Directional Light. ¥ Arena

X AfFJ Assets/ArenaSDK/SharedPrefabs | Tifilff) GlobalManager (411 17.2 fli7n)
ANZEIAH) “Hierarchy” & 1, 41F 17.3 fioR. JEEE], XLEHHIYIARE Unity o HI R,
AT L ik T R P e A R AT R AT AT S € 1 B W04« Arena 1) GlobalManager & ¥
ANV, DRI FL A 2H R0 40 7 AR B AR & N T

& Assets

» ArenaSDK > SharedPrefabs >

414

'IE-III----Iv-l
H: Husll=

Carriable  DebugDisturh  Destroyable Disturber Eatable GlobalManag... HeartTower

KillGate Playground  ScreemShotC.. TopDownCa

172 Arena P EOTRHIHRER ( W IE )

| create ™| (arall
v 1P~

Il |
—d

j

173 45 Arena 715 1R &b 59 GlobalManager # 2l 24 BT 89 “Hierarchy” & O

o THIFRATF EHE — MR iR RE i, FA1HE] Arena H144 74 PlayGroundWithDead-
Walls (7R, SR 5% S T GlobalManager )1 £ World . GlobalManager
A 73— 5 TopDownCamera FH TH2(t— Mk 4 R . X—P1EE 17.4 HERT
JEIR

o 5 EMRML, RATFEM Arena THIHEH P& —> BasicAgent J-# H [t T- GlobalMan-

ager, ﬁﬂl@ 17.5 firme WM EATIMIES B —NE3pHh LR Refk, AT CAFhiE PR 68
B —ANEEAME, WE 17.6 Fioc. o Bl y A 2 5h0 4 B R M 6% 70 8 Re Rk 1)
Transform &4+ E7R .

o NTARERAIE R T, RATHEREIRSE, W 177 . ZEBITA T ELE

GlobalManager 7 [1] Living Condition Based On Child Nodes. Living Condition # 1+
At Least Specific Number Living 1fj At Least Specific Number Living {5 #7 1% 5 1. BT 3A
FEIRXANER T ARG — ek, B BRI [ ER A ENT 1 FEMEL T, X



17.2 1 ARENA FF &5 %%,

Assets > ArenaSDK > SharedPrefabs > Playground >

174 Y Arena TR 9 —NZEEN ( Playground ), 335 E KT GlobalManager 8% %
=mE (F¥HE)

Assets > ArenaSDK > AgentPrefabs » BasicAge

175 EFEIEE— Arena T #E5R & 4 BasicAgent [ff T GlobalManager B9 7% & £ ( ¥
)

176 BYEeEAEDH LGS (LEE)

AR B (Episode) S48 HIFHE . BIETRATTZH: T Play Hed R I Gl o a4
LH “W, A, S, D” BAER RIS, T —i42 “Dead Walls”, GEIATC AT
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% 17 % Arena: 2B LFIFE

¥ « |+ Arena Mode (Script) @ 3 %

Script ArenaMode Q
Node Settings
Node 1D |0

Living Condition Based On Child Nodes

Living Condition | At Least Specific Number Living 3 ]
At Least Specific Number Living [ 1
At Least Specific Portion |05 |

177 #HITREDIZOBMRE

IR ik e o> 45 A i I HLEDHT T 4RI K. 38 F BasicAgent B 2 A 1R 2 Hofd it fiT, E045
AN[A] ] Actions Settings. Reward Functions (F T ift22>1) &, fRA] DL EA] (75249087
XM A H A Actions Settings & H 21D KK Arena 7R T HA.

17.2.2  fE]ER A5 AR SR I AL B UL 2R XK

FEIX—/NT5, AT BT a7 = P42 AL SR (Social Tree) SKEE 2 T — M e
PRI R -

o B2, iEIRAMTM T R ERRIT 46 » WERFRAT1i%EHF GlobalManager 5% BasicAgent, 4
AT A R IIX Let B # A — N IUAE Arena Node (Seript) A, 23511 17.8 FE 17.9
Fias, IXAFEARE ] DU R Bh LR Arena JiExk o € X449 K. LT Arena Node [
FR WA N R

o [« Arena Node (Script) @ 5 %
» o [ Global (Script) B

’ Add Component ]

178 17T GlobalManager & #] Arena Node (Script)

b = [ Arena Node (Script) S
b o [+ Basic Agent (Script) o

’ Add Component ]

179 777ET BasicAgent T ] Arena Node (Script)

o WATIEFRZ B BasicAgent J'C 7E /214 “Hierarchy” & 1@ d Ctrl+C 1 Crl+V
S, i 17.10 fiox. BLE Global Manager 2 4 %> Arena Nodes, [KUItFATT Zk
%> BasicAgents H [J/E— M E Node ID 24 1 1 3E 0 SKFFAIEAT (WK 17.11) . FHREIA
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17.2 A ARENA Ff & 5 2%,

= ey p—
P . eee—

T
v e -

¥ iy GlobalManager >
P iy TopDownCamera >
WL World
+
> BasicAgen)y(1) >

17.10 7E GlobalManager ~ £ i BasicAgent

Y SR E W U a8 — N E @i &, W eI aIr, KRR EHEKP
MEREIR A MRNAE .

-
¥, .« (¥ Arena Node (Script)
:'icript ArenaNode

Node Settings
| Node ID i

1711 ¥ GlobalManager T EZ MNP RN FEZXETT = 1D, FEENSTHER

T A1%EF GlobalManager . Arena Node (Script) >R B i x% (2 ik ¥, & 17.12
Fi7s. FA1H 5 Is Reward Ranking, iX/&—/NfE GlobalManager ~H -1 & & fg 4 3% 5+
YRR B B . AT Ranking Win Type i£3% 4 Survive, X &5 i Jo 45 AL
(GBI R ) A RER SRR — AN IEM2LR) . WRIRER: Depart, Xk S48 E gt R A
A H R BEAR . FRATTH TR ZHUY Is Reward Distance CiX ARG BE AR E H br il EE B 25 H K 46
KNP REO . L2 Arena N B INAFRFINLS], 8 8GEFsEE N &4
e AR IR b 2T AN [ 0 22 il B B R R R AN R AL 2 R R G o AR AT LA AN ] £
TERRAT AR 2 v B . 280K, A SRARAR AR Be AR 21 B bs 0 20 25 R o — > 2R L3
15 BARERMES, A DA B — N T PR B B AR 22 ik s i, @it ki ) 1% Is Reward
Distance, LI —A> BAr¥)4HE3] Target =4 TR I E .

AT EALE GlobalManager ] Living Condition Based On Child Nodes % # At Least
Specific Number Living v 2, W&l 17.13 s, M AA 220 AR RERAEIEIN, AR
Aok [N L BRI . EIRA TS Play #48, R ERIE(T, R
BL—NERARE N T A, TR S, T H R EAE Tk 2 N s B Be4K, 1 Console
AT RN EIL S, WA 1714,

RN INE Zs, RAVRZER NS BA DR Rk BAHTE S . B, 3RAND
£ “Hierarchy” % H A1 — NS RIFRHar 48 “2 Player Team”. fifi J5 A 1H Arena
Node A Mt mEE Em, K 17.15 Fizs.
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% 17 % Arena: HaihRiLF5]-F 4

17.12 7 GlobalManager T 1% & % il sk 1

1713 7t GlobalManager 1% & & /N7 &S EK EL &

1714 AN eERHIE R E <7 Console

418



17.2 A ARENA FF & i 2,

iz e lie Be e die Wiz N Ns

17.15 ¥4 Arena Node B AP ANZIBA(E ( Team ) &R L

o PAEFATH A Z 8 1 BasicAgent & 25 622 I BAAYT % 2 Player Team . FEFHAE
il 2 Player Team, K55 4151 %) Node ID M O 50N 1. BIAEFRATHA B AN GEAR 1) 45 1)
Wk 17.16 Fim. RBATITE 5 Play 1241, RATESF B BA N E GEA 1 B
e, Wk 17.17 fiox.

17.16  Arena #J GlobalManager T MBAfR ( Teams ) B MNEEEMR ( Agents ) #Y
BR ML

+ 1T GlobalManager ] At Least Specific Number Living #1530 2, ATfa] P A= Ay Y 25 BT
S RS R . BT 2 Player Team [) At Least Specific Number Living 28\ 1, Hf
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% 17 % Arena: $HAKRRLF I TS

2 [ — A AT P A R e AT 45 TR i N A i ML R A s R FRAT T T DL E AN
FIE 2 4, WH AT E 2 Player Team [f Living Condition > All Living, A4 —/~BA
PR R 4 R A A R B A dr 4R, TS BN ek . IBL ESRE, @
id GlobalManager->Team->Agent [{J4: 5 454, Arena FEAS T LLUE N & AR FIHL
#il, {8 Arena Node S FHE R R KR

1717 WD EER N AR ML

1723 SREE
3 FhHLE

N TR IR 28R, 1E Arena A 5 NEEAR) 2 B RER K EIFLE] (Basic Multi-Agent
Reward Schemes, BMaRSs) K& S AEACH AT A FEAAZ T, WHh: TAIF S8 (Non-
Learnable, NL). 37 f9 (Isolated, IS). Te%H) (Competitive, CP). E{ERY (Collaborative, CL)+
ZEMEIER AR (Competitive and Collaborative Mixed, CC). EARK UL, & BMaRS &—4
X AL ek B R, DR S R AR A B AR A S T U — A e O OC . X T BMaRS,
Arena #2417 2N AT DAL RIS A 2050 s 20 (FRBREEE 88D, ik A B 2422 08 R I kA ik
Fio BRESHLICHI R EIL, Arena HERAL 1 X % Hil 4042 50 R BB AEIE T, AT AT LUK 2 55 1) 22 Jah
PRECE T —Fp BMaRS T 2 A AH B () BAR AT o TR TGRS 103X FUA A R 22 AL o

HARRATTH L M — LI FR . FRANFE FE A R 2 ) b U — AN B /R AT 2K (Markov)
WX, BAFEZANEERE 2 e Xy —DMHERMEDIRETEE s, € S« — NN « AR
MEMERM ayy € Ay FMI—DXHREANEEAR z KA RDETE r, € Ro BTHE, B
MERERE g: Sx {Ay iz e X}— S, KR—MHRENLIER (BT Unity BRI %
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17.2 A ARENA Ff & 5 2%,

i1 ~ g(si41|(st, {aw - @ € X)}) F—AXEGAREARPLIREL [, Sx {A 12 € X} R,
KRR o1 = fo(se, {awy 12 € X}), UR— MG RINRE f = {fo 12 € X} M
XM BEAR o A RS f NI BRI RE = S0 roso X T8 REMRSR L, Arena & LA
TEOL, BIENE s, € S,y K S, WHEAFPRETE S KIHMEE . B, g7, : S, — A,
S ANFANLER S ayy ~ mo(s0.0)o BRUEZ AL, Arena HRERIREMR o BEW N — ARG 1T, K
BN 7y o Arena fBUE BT A RAHRAVE IBENLAN 7 k&, X2 BT 722 18] K RS 21 o

ANFI) BMaRSs & X H AN &4, Mk (v 0 e X} W& {n, : I} R ek
Khih {Rf - 2 € X} MIBEXRE F = {f .-}, HPHEARLSAEN X Arena T ILFAE K
BMaRSs J@id PL R 57 05E X

1. AR SH) BMaRSs (FNL) & — AN ECA KR EES f, W
FNe={f:Vk e K,Vz € X,Vr, € I,,0R] Jor, = 0}, (17.1)
Hrb 0 2 5E X m, MSHCE B FERERNTAR I ZRHRE . B0 L, PN SRS TR R R ik
x € X B HSRNE T, #ORTCIEIL R .
2. JHI7H BMaRSs (FS) 2 — NG R I E SR

OR/
87795/ o 0}7

(17.2)

FiS = {f:f¢F " andVk € K,Vo € X,Va' € X\ {a},Vr, € I,y € I,

Horp " REAMZE. BRLE, FS BWRERBEE v € X B2 BN 2 R ST H AR
Refk o/ € X\ {z} RIS w0 ToRe FIS 1) f HI2ah s 3L £, 7EHARZ B 684471 (Bansal
et al., 2018; Hendtlass, 2004; Jaderberg et al., 2018) i 7 # Fx A N B2 il PR 5L (Internal Reward
Functions) , EEWRAE BR 1 M0 B0 HEA4)Z 10 1 22 5 s 80 (Ll , A 1851 % ) i R L UG B
A J2 THT 22 Jh () 2 Dl BRI 50 o A J22 T 22 Jh AT B AR AR AL T A LA 2, FLIK A Py S 2 Jl ] DA B A b 3
B, BN 4E (Heess et al., 2017; Singh et al., 2009, 2010) . F'S 7E Ll 248 feh 2 —MNHLEE N
B LA N AE ST B R AR TIPS AT AT, X ERE AR ENER TS (LhaniE s
B AR IR RERT R 2 21 2. DRk, Arena 75 FIS HRARAE T f SRFIXS: BEERDURE. HEINECK
JIMETT S PREFRS e 1 2 R UUBh AN S 1) H A K78 2 BE 59 45

3. =5 H) BMaRSs (FC) J&523Hk (Caiet al., 2011) JA KT, € R
FEP = {f cf ¢ FNYUFS andVk € K, V2 € X, V7, € IT,,V7y € I,

0 [er RL da! _ 0}

— (17.3)
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% 17 % Arena: 2B LFIFE

EREW EERER TAR R GeE o € X, RAMEATA]RERISENS 7, € 11, T BEeIRE R BN
I RAEAAL R R BBy 1, R A 2 Brk F AR (Cai et al., 2011).

KT FE o fAERBTR (D e TRE A R4, miX SR IEE R B4R G
W SRR, RS NE AR REZ R (2 FF—ERE W A dr, LR
SEPRRIIY R Rt ] LS T-AH S B, AT B8 Ui ek 1) — 07 8 e S s R 24 il L
WA — e TR, EARIT T E MR — M) . ARu#ERZ L (Normal-Form) Ji#% (Myerson,
2013) H 3 71 & kA (Rock, Paper, and Scissors) Fl (Balduzzi et al., 2019) H &3R5 & (Cyclic
Game) #i& F [FFRIRTE DL

4. A1EHI BMaRSs (FCL) REHICHR (Caietal., 2011) BRI R, B XN

FOL = {f cf ¢ FNCUFS and Vk € K, V2 € X, V2’ € X\ {2},V7, € I,

OR’,
Vi € Iy, Twa > o}, (17.4)

R RO T — X B (o, ) BB RIS (ORS,JORS < 0)o BILZ SN, T
f i FNUFS, BRI (x,2!) 5 ORL, JOR] > 0. R ERIS O B R A 2 R
. MTTAERERE o 30 RY HOMERT I S8 AU B A o/ 10 RS, 375, SO IIT FOU o £ ot
TFRMTHH o € X 0 f, BRAEN, T, —MIARIES EEE B T L e AR 3L 5
SRR, B — M RHATTEIEI K (LB — MR EE N, AR EAEND . W
U, Arena 7E FOU (LT £ RRIA: ARG ) CIEABR S, By el Z 0 o]
HE A7, T FA— i o BEDAER TR B %, L h s b AR 25,

5. ERHAIER AT BMaRSs (FOO) 52 SRR BL_EPUAHZ AL

FC={f:f¢ FNUFSUFFUFLY, (17.5)

B A7) HFHI [, o RS, da’ jom, = 0 ATLAE Ny Joex OR!, /ORI da’ = 0 GIEWITEIX B
B, ATRZE 0, K (17.3) KRR, FE 17.3) B FP R 17.5) g FOL,
Xt FOC 1 — AN BN HIARRE, fE1E ORS, JOR] < 0 BTG %, BIVE REfRLEIX I A S5 4w o (FL L X 4%
R FE [y OR!, JORIda! AN 0. Ik, BEARR 28 7T LU EL AR () SEmE sk A fk, B
HRAARTEX B S ER.

B T fEEED BMaRS 4L 7 USSR f, Arena X454 BMaRS #2441 T — /NG UF L, Bl
ASER] f I XA ISR IR ORA /2w 5 1) f J& T — A B A& BMaRS.

TN R T O T AT FH AN R 2R 0 22 il B BOR B A R RIS . b, KR
HONE AR b SRR SEEL T R R A Ok R B, R R — L AR E
R, WMIATEZ BTN IR B . Arena HELLE % £ GlobalManager ¥ Arena Node 7€ X T
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17.2 A ARENA JF & 7§ %,

Collaborative fil Competitive [)2Jii b8 %, T Isolated *ZJili A ¥ E L 1E1% BasicAgent 1) BEAR
Arena Node 7',

K HR —ME T B A SR R R AOG 1, IX 4R Arena Node ] 7 A [A] ) BMaRs,
WP 17.181 FioR . SRhHLE] B TS & 5144 Arena Node K52 SUE 745 sMIAE &K R B 17.18()
HR T P 4 TED (Graphical User Interface, GUD € X T 17.18(b) HHHIM 4544, FkRFER—
AN VI B RER IR . XA 5 P LB IS TE I 17.18(a) (19 GUI HHEH, . & il S Bk ok 44T 181
BRE. IR, BN RARA MAZ Y BMaRS. & RERZ — M HLASIEEL, iy HAMA
451 [) BMaRSs & F1S, EfkKL, ant-motion PEEIUE1F 2= ] s R ARRIZ 3T, L §r
ST, W 17.18(c) Pvme B BRI — DM (— AN REEBLIE S, TiX
PR BE A A BAMILZ 1 () BMaRSs. fEX M1, PIANHL 3 i U E AR S A R HESh & aveE,
Kl 17.18(d) Atz DAk, BB BMaRSs & FOL, Bk, RHESE I, EHAB
fiz I, Arena 4 )& ) BMaRSs. fEIXMIFH, PIASBMERE 58 A — 38 T R4S AL ks
EFHER HAR e gE, W 17.18(e) Fin. Uk, 4R BMaRSs & FP, BRI, 2%&
FHEB HARIISE G KT B 2R B Be AR 1) B 2 22 i s B2 DL B =AM 2 K] BMaRSs AL
KA. AT AT DA R Uk E Ml = AN Z R, b N I ORI BT, 7R
AN RUE X BMaRSs 45 HH N A A2 A AL 22 00 R o 7R 8 ST AL AR AN 1Y A
'Y BMaRSs 2 J5, HSERDMEA 1. HAh 52T DUg Ol R &, b, ShE B A
REAR P FCAL I PR INBMEE (S . 7R REAAR ID FFAR B — AN N 3R AL B 45

¥ Global I ~cpl

I per
> L World Global-level (R AN
> Target
¥ & Team 0
:::::::g Team-level L FoLll per
./ Box
¥ i Team 1 Agent-level

P 4 Agent 0 — - - - -
» i Agent 1 r]_-ISIr]_-ISI FIS ll'_7_-15|

L/ Box [ R | R AR I AR N DA

(a) (b)
17.18 7 Arena ST H Arena Node {§ Fi“N[E] BMaRs & X Bt =& ( WFEHE )

BN, BT TAT LA B4 i _EIRAEZR IS LM WAL 0 R, WK 17.192 For.

E LR

i T Z 1T BasicAgent, Arena 145 Fo At B 5 9 1) i) & Re v L ELEEAEH, @il 17.20 i
No HA R BRI H B A S BasicAgent 25100, IS 46 B IR E [T T GlobalManager < . ME
—HIANFFE T BE R, VR TR SO A B 45 ) KM (Brain) Sk HIAS R AefA. 28451k 30d,

1 3KYE: Song, Yuhang, et al. "Arena: A General Evaluation Platform and Building Toolkit for Multi-Agent Intelligence."
arXiv preprint arXiv:1905.08085 (2019).

28 [y KUR: Song, Yuhang, et al. "Arena: A General Evaluation Platform and Building Toolkit for Multi-Agent Intelligence."
arXiv preprint arXiv:1905.08085 (2019).
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% 17 % Arena: ZHBEARBLEIFE

B 1719 Arena lERTEXHE NS EKER

Assets > ArenaSDK > AgentPrefabs >

ArenaCrawler  ArenaWalker  BasicAgent

1720 Arena o [ 8O T & BE {2

1721 H=$ ) ArenaCrawlerAgent ( ILF4E )

i) 2 Be A ) ArenaCrawlerAgent 1118 17.21 Fizn, '©A ESMSE S A k54 53 1 3)
R N THA MM X AN B AA, FRATTRR Z 48 ArenaCrawlerAgent KA A K 17.22 FizR i)
ArenaCrawlerPlayerContinuous (PlayerBrain). [ /51X M3k 7] LS H 91 FIAVE — I AOTERR SRAE A .

17.2.4 S #HHER

HRAE Unity BRI Tk Ja, B ORI B BRI, T ORIk
T ML) RIS, JFHE S Python AN ZE MARL 5. X —/N5JEIR 1 i &
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17.2 A ARENA FF & i 2,

o B, AT EOR K2R PlayerBrain HCN— AN AH M ) LearningBrain ([FIFESEAL) ,
PlayerBrain # F] T8 P 848 B AE R4 HI T B BE 4, 1M LearningBrain 7] DL 53] 5
FOREEER . & 17.23 s, YT IEANER, A5 GeneralPlayerDiscrete (Player-
Brain) ~N& 17.24 F1(¥] GeneralLearnerDiscrete (LearningBrain). 11t 75 ZHUH 2] 1% De-
bugging K/ I g 14 HE B .

17.22 3 ArenaCrawlerAgent % 24 KfiX

1724 EBHRHKINZEE LearningBrain S8 S 1)1 455k
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% 17 % Arena: HaihRiLF5]-F 4

o TG, A% File->Build Settings, AARNAFE]— M 17.25 FRiE M. @
XANE I, FATAT LAY B Target Platform 1 Architecture.

o AP FHFZ H 5 Player Settings Kiu & HAW K B, W& 17.26 fiox. — AN EEE R A2
Display Resolution Dialog 75 £:1% 4 Disabled >k 1E% TAF . Fifi f5 FA 115 22 177 1 & 1 ks
Build, SXAEHA] LAZE G i xR 2 5 79 32 H Z gk o

1725 KRECEREHIRE

Resolution and Presentation

Visible In Background
Allow Fullscreen Switch
Force Single Instance

¥ Supported Aspect Ratios

Resolution
Fullscreen Mode [ Fullscreen Window £
Default Is Native Resolution ™4
Mac Retina Support 4
Run In Background* 4
Standalone Player Options
Capture Single Screen o
Display Resolution Dialog [ Disabled ]
Use Player Log ™
Resizable Window ™=
o
4
™|

* Shared setting between multiple platforms.

Splash Image ]

Other Settings |

XR Settings ]
|

1726 &EHESHHEFO
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17.3  MARL 9%

17.3 MARL I|%

A T H Arena #3357 (Standalone) K, FATAT LA B I ZRid BRI FL 2 2 6E
R84 5] (Multi-Agent Reinforcement Learning, MARL) H 1) 25 Fft [r] i@

FEIHEINZRZ o, BATFELE RS BT MARL — iR ZERERTHE, BATE R &2
=55 R B I 2R #2 . Arena FREEFHEACBC BN 17.1 FTh A WERIRIEARSS &5 L
ABEIEHEH] X-Server, JS-4 AT LLRE(R LA T #6720 A AR E B B, 75 I A] DA #R Bk 1% 73
EI [N

17.3.1 & E X-Server
B R AR R EN T

# %% Xorg
sudo apt-get update
sudo apt-get install -y xserver-xorg mesa-utils

sudo nvidia-xconfig -a --use-display-device=None --virtual=1280x1024

# %1% BusID 1z &

nvidia-xconfig --query-gpu-info

# Nfp BusID fz B Z|{R#y/etc/X11/xorg.conf X fF
sudo sed -i ’s/ BoardName "GeForce GTX TITAN X"/ BoardName "GeForce GTX TITAN X"\n
BusID "0:30:0"/g’ /etc/X11/xorg.conf

# M/etc/X11/xorg.conf LHFH &k /NFi"Files"
# FHHEMBE4E/NF"Files" 1 EndSection HYF AT

sudo vim /etc/X11/xorg.conf

# 7 Ubuntu [#EHMLEHHH Nvidia Wz

wget
http://download.nvidia.com/XFree86/Linux-x86_64/390.87/NVIDIA-Linux-x86_64-390.87.run

sudo /bin/bash ./NVIDIA-Linux-x86_64-390.87.run --accept-license --no-questions

--ui=none

# #F| Nouveau, [A N ¥4 Nvidia I8z & 85
sudo echo ’blacklist nouveau’ | sudo tee -a /etc/modprobe.d/blacklist.conf

sudo echo ’options nouveau modeset=0’ | sudo tee -a /etc/modprobe.d/blacklist.conf
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sudo echo options nouveau modeset=0 | sudo tee -a /etc/modprobe.d/nouveau-kms.conf

sudo update-initramfs -u

sudo reboot now

MBLT =Fr 0 CARFEA 5 30T BEAE AN Linux A B384T) 22— %] Xorg:

# A 1o EBATLLU T &4 FFEAT R a4 0k

ps aux | grep -ie Xorg | awk ’{print "sudo kill -9 " $2}’
# 73 2: EBATU T &4

sudo killall Xorg

# R 3 BATUTH#4A

sudo init 3

FiZan 2 I 8 MG -

sudo 1ls
sudo /usr/bin/X :0 &

PR 27T LA B AR R IR W R 3, IF 4 U A

X.0rg X Server 1.19.5

Release Date: 2017-10-12

X Protocol Version 11, Revision 0

Build Operating System: Linux 4.4.0-97-generic x86_64 Ubuntu

Current Operating System: Linux W5 4.13.0-46-generic 51-Ubuntu SMP Tue Jun 12 12:36:29
UTC 2018 x86_64

Kernel command line: BOOT_IMAGE=/boot/vmlinuz-4.13.0-46-generic.efi.signed
root=UUID=5fdb5e18-f8ee-4762-a53b-e58d2b663dfl ro quiet splash nomodeset acpi=noirq
thermal.off=1 vt.handoff=7

Build Date: 15 October 2017 05:51:19PM

xorg-server 2:1.19.5-Oubuntu2 (For technical support please see
http://www.ubuntu.com/support)

Current version of pixman: 0.34.0
Before reporting problems, check http://wiki.x.org
to make sure that you have the latest version.

Markers: (--) probed, (**) from config file, (==) default setting,
(++) from command line, (!!) notice, (II) informational,

(WW) warning, (EE) error, (NI) not implemented, (??) unknown.
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(==) Log file: "/var/log/Xorg.0.log", Time: Fri Jun 14 01:18:40 2019
(==) Using config file: "/etc/X11l/xorg.conf"

(==) Using system config directory "/usr/share/X11/xorg.conf.d"

IARARE B AT, EE] R BLR =R 75 0z — kM Xorg” FFsl i 5 —Forik.
FEHTE D HIZAT “ Arena-Baselines” Z R, 384T AN fiv @K — A REAU B B %0 11«

export DISPLAY=:0

17.3.2  #HTiII%%
A7 TMUX 25i%  CHr SR AR (L 28 2 — AN AT LUF SSHOE BRI MRS 22D I3 N HE IR 55

tmux new-session -s Arena

source activate Arena

EEEENE 8]
Arena HIEEEB) A R R B 3% -

* ArenaCrawler-Example-v2-Continuous

* ArenaCrawlerMove-2T1P-v1-Continuous

* ArenaCrawlerRush-2T1P-v1-Continuous

* ArenaCrawlerPush-2T1P-v1-Continuous

* ArenaWalkerMove-2T1P-v1-Continuous

* Crossroads-2T1P-v1-Continuous

* Crossroads-2T2P-v1-Continuous

* ArenaCrawlerPush-2T2P-v1-Continuous

* RunToGoal-2T1P-v1-Continuous

* Sumo-2T1P-v1-Continuous

* YouShallNotPass-Dense-2T 1P-v1-Continuous
BAT I A4, K GAME_NAME H L [ 09 %% 44 5 0T AR 4 IR B oF SEN LG 35 & 1Y

num-processes (num-mini-batch 7% num-processes):

tmux new-session -s Arena
CUDA_VISIBLE_DEVICES=0 python main.py --mode train --env-name GAME_NAME --obs-type
visual --num-frame-stack 4 --recurrent-brain --normalize-obs --trainer ppo

--use-gae --1r 3e-4 --value-loss-coef 0.5 --ppo-epoch 10 --num-processes 16
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--num-steps 2048 --num-mini-batch 16 --use-linear-lr-decay --entropy-coef 0 --gamma
0.995 --tau 0.95 --num-env-steps 100000000 --reload-playing-agents-principle
OpenAIFive --vis --vis-interval 1 --log-interval 1 --num-eval-episodes 10

--arena-start-index 31969 --aux 0

B E= 8

Arena B ELENE A AN R 51 2«

* Crossroads-2T1P-v1-Discrete

* FighterNoTurn-2T1P-v1-Discrete

* FighterFull-2T1P-v1-Discrete

* Soccer-2T1P-v1-Discrete

* BlowBlow-2T1P-v1-Discrete

* Boomer-2T1P-v1-Discrete

* Gunner-2T1P-v1-Discrete

* Maze2x2Gunner-2T1P-v1-Discrete

* Maze3x3Gunner-2T1P-v1-Discrete

* Maze3x3Gunner-PenalizeTie-2T 1P-v1-Discrete
* Barrier4x4Gunner-2T1P-v1-Discrete

* Soccer-2T2P-v1-Discrete

* BlowBlow-2T2P-v1-Discrete

* BlowBlow-Dense-2T2P-v1-Discrete

* Tennis-2T1P-v1-Discrete

* Tank-FP-2T1P-v1-Discrete

* BlowBlow-Dense-2T1P-v1-Discrete

ZAT IR 2, K GAME_NAME HJ b [ ik 44 B e R AR 4 Uk pir I oH S Lk £ 2 1

num-processes (num-mini-batch 75 %% num-processes):

CUDA_VISIBLE_DEVICES=0 python main.py --mode train --env-name GAME_NAME --obs-type
visual --num-frame-stack 4 --recurrent-brain --normalize-obs --trainer ppo
--use-gae --1r 2.5e-4 --value-loss-coef 0.5 --ppo-epoch 4 --num-processes 16
--num-steps 1024 --num-mini-batch 16 --use-linear-lr-decay --entropy-coef 0.01
--clip-param 0.1 --num-env-steps 100000000 --reload-playing-agents-principle
OpenAIFive --vis --vis-interval 1 --log-interval 1 --num-eval-episodes 10

--arena-start-index 31569 --aux 0
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PRA AT BLE T HoAth MARL B3k B AR LT ) PPO 25 TN AR i 1) 222 AR T 2k o

17.3.3 Ak
N7 i Tensorboard AJ WAL/ HT I ZRISRE R 22 ST M £k, 3847

source activate Arena && tensorboard --logdir ../results/ --port 8888

FF5 17 AH B2ty 1 T Tensorboard AJ 4144
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