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58, MORBIBENMENNEGUALTNEE, U RADERE. EAE-LSTMENERIS0RE, &
P (FIIWin / Lose) o PEREINT BRI RIS, KRGS 5
BEA: MTHES, ETAREXABIEE  ATRMEERT, BT (ETA) , GameGAN-MEHR
¥ (+0.5%2h) FOFEGENR (+132Fh) FHEEED. B, MGameGANAIHFREEIE BN, XFTF VizDoom,



E13: FASTHEARNERAESAEEGameGAN (IZEA) B, ERBEMNTFESFAREEGameGANIRE!,

3FFVizDoom, 43 EGAEI75083 WBTIAF9 18] R% 5) % A IHo
MGameGANBEB BRI, EFR, REHFAER
HIENES, EEGameGANEE M FGANIELE#HIT
gk, HEINBIXNHARIIE, ME, GameGANALL
HTIREIHAIIG, REH RSB ESIIEU
REREM. B8N—KRKIE, EZIZARET,
GameGANMI 4 BE{E F GameGAN-M, XZ2HF 4%
RENFEIIMMERY, HPREEFKHE %%
MARBES O BMEM, FIFICIZERNE
RSTGANBR#H TR UNEEE KR, XITERFRLAE
S BRI FEREN R, ERHERT, &HIMK
MGameGANE YT IAPE IERIEEE, MGameGAN-M
AT 5EE, XMERRLAELAN T —MERIEEN
BR, EXEMRFER, XBESSBERENITRER,
ET—HBRH, BIMNERTFEBETHEKE—X
MERYET R

43. 11532 EIRN

ZESTE TIZE AR EIFR PRI K E—
B, 122 AMREHsBIFENATRGIE (v 4, ya)FFiBo
BT KN FENEIEa, ... ax), REEEME (s ys)o
ERERAEGK, ..., a)FI30 a, = Down, ax = Up),
ERBREIEIVIANE (v, ya), RTFRES WME, FHA]
AILUNE s Ms2BBEEd, SHE—HMHTiTE 7
FEXIFIE, d = 0) » AFRTEEMIINEMTE

(BIINEY) TIREZETH, FULFRATNNT s Ma9E

EHITILER. Ak, s@—184x84My i HIE%,
RGENER, WEGEN. BITBERIEXH

~ sum(abs(s — §))
d= sum(s) + 1 (n

HfsumO A 18T #. B, IRTEUNEGEERHRSH)
wGERB L. BRERTER, HMNB—REHR
REAMRE T HEREMPBRATESY, XSTE
FAERE, HKBUNE, MREERBNEVN. XERN
HintE 2t B 5B RNNL IR — B, BR,
BEE KEVE KR, HHICICERNGameGANTRZ T H
A, BEBHBREX, XKRAGameGANEEBH
MHABIEIZER, EERTIZEAREFEFRE
RENEHE, FJUEY, TIEZERNRERNEEZ
BIERMNAS. XRAGameGANT ST R 28 FF
BIriafgREEmE, ENEBRINTISE iR p0ERN
BRI R T T AR R,

5.5

FARE T GameGANIREY, ZAREF AR HuillZR
RIFMEEPFELIT R GameGANET WL ELHFxK
FRI Kz A P e ERINZRGameGAN, B FH AR H
ZHEEIE, GameGANBE—MHBICIZIRIR, FIH
REBA—HE, BEDIE, AO@RHSHEIETER.
BT BHNEERR, GameGANBIEIERESI1FLULERR,
EARKVIES, RIMNIIREH#ITY R, UBRE
B I SLIF IR,
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BIVRETAXREEN (AFD) , KT
(BEBSD) FMIMIE (CERS) RUIFHHIHRA.

A. 1REIZRHY

UTFRBEITHERNE MERNEMIFE. &
REAUTRRERERIER:

Conv2D(a,b,c,d): 2DERE, EHiaHi@EAX/)\Ha,
EFZK/NAD, strideNe, paddingK/)NAdo

Conv3D(a,b,c,de f,g): 3DEFE, HigHi@EK/)
Ha, BHEIRZANAD, ZEEK/NAe, BiElstride/Id,
= [8stride Je, AYiE]padding K/NAf, Z(E]paddingK/)y
Hgo

T.Conv2D(a,b,c,de): ¥ EBR2DERE, HiiHiE
BA/NHa, EFRZKNAD, strideNHe, padding K/
Ad, itHpadding K/ Aeo

Linear(a): 4=, HisHK/)\Ha,

Reshape(a): EBNKE, FEHBLE K] Aa.

LeakyReLU(a): 5/ttt 88 1948 IE 41 82 75(Leaky RelLU)
KR, FFEHa.

T8 @ /;

oY== t R — — bt ~ = g
RHURS - asslE || aneig }—,{%

Bz mea
Efg = — "\ 4
: — V%
\\ .
— /

El14: GameGANHEY: o FzAGNGHZSS I BEMN NG, Bk
RS, EalLURE M E NFIRENIMEBISIZIRIR (BLLIEF)
=E, BRI ZRATFNREE G ETHRE. BEMNRENIIGEHS
IREIRE. FRBEERAMERLE,

Al EHA&B|E

BWADEa~ ARRRRIBAE, T (IZEA)
VIR, FAIENA = {left, right, up, down, stay}, H
SRR G (BRE3427) , BATEX left = right,
ip = down, RZIFAR. BElR:BIRINNI8Ax84x30 IHTF
VizDoom, A = {left, right, stay}, left = right, right =
lefte BEl&rBIR/NI64x64x30

TEENNES, MREESDHEN (0; D RE—
PNREBNEE:,, BFHEER,., U Ka, Mz,
GameGANFLEEFUN F— BB 2,10

ATEER, HMNFLLER
F (%83.1%) o

S5 ERITEIR

v = hi1 @ Hag, ze,me_1) (12)
—C(x) (13)

iy = o(WW0 + Wsy), fy = o(WI v + Wissy),
oy = a(W%v + Wsy)

(14)
ey = fr @ ep_q + 1y @ tanh(W™0, + W) (15)
hy = oy @ tanh(e;) (16)

Hbh an 2 o o2 EID IR EVPRS.
e, ENZEE. BoRSHER, ORTIRAILR,

IS5 | ZMRRERESES 12¢EmE, Bk, h., o ¢,
Jor 1s, 0, € R'%,

HEXRSABTRNITERN, ARRIRE
MLP[Linear(512), LeakyReLU(0.2), Linear(512)]4kBEFH
B, MRREETHANNAREFS512, Wh, BT
FEERBRNRAIBRZAFILER.

CHREMASE (FF64 x 4MER) HeE (WF
84 x 4MEIR) WBIRML, HEALME:

NEERL, BMNERLER
F ($3.2%) .

’ ZA=IN)} \ VizDoom ‘

Conv2D(64, 3,2,0) | Conv2D(64,4, 1, 1)
LeakyReLU(0.2) LeakyReLU(0.2)

Conv2D(64, 3, 1, 0) | Conv2D(64, 3, 2, 0)
LeakyReLLU(0.2) LeakyReLU(0.2)

Conv2D(64, 3,2, 0) | Conv2D(64,3, 2, 0)
LeakyReLU(0.2) LeakyReLU(0.2)

Conv2D(64, 3,1, 0) | Conv2D(64, 3, 2, 0)
LeakyReLU(0.2) LeakyReLU(0.2)

Conv2D(64, 3, 2, 0) Reshape(7*7%64)
LeakyReLU(0.2) Linear(512)
Reshape(8#8*64)

Linear(512)
A2, iBIZHER

M IZRR IR BT BT

w = softmax(K(a;)) € R**3 (17)
9=6(s) R (18)

ay =g-Conv2D(ay_1,w) + (1 —g) - a1 (19)
M = write(ay, E(hy), M) (20)

m; = read(ay, M) (21)
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RER— m,

— Eq.8 — oy ]

El15: igiziEnR, BERFHRS N RNHERL T

@ KAWEBEMLP, AJRHGgEME, ZMRELT
softmax#l reshape, A K/NA3Ix3WZw:
[Linear(512), LeakyReLU(0.2), Linear(9), Softmax(),
Re-shape(3,3)].

@ GAWNEMLP, Al —NMriEE, BE
Sigmoid; B EREL, 15 €[0,1]: [Linear(512), LeakyReLU
(0.2), Linear(1), Sigmoid()].

® eNBEMLP, FTEMIBERRAIEZe € RFIE
B&d R [Linear(1024), split(512)], EHSplit(512)3
1024 RE D ATENS 12 M2, IXIFHITSigmoid
EERIE

@ FAS12¢EBENIZAENO, 1), BiCIZRMPNE
NEEMIERN. RNIEEITEMRE, EITINEPE
RAHRMNEENSEN=39, FHHESERN=99
I, FHAIEAIIX3IxSI2DRB#ITING, HEA
99x99xS 12 PMRIFHITEL, TR, BEFBAMICIZIER
2o AV TE M B 5E AR AR B R/ BY 3R,

® BEANRESHEEIN 11BN STFEMI
BM, EANITE:

Mi=M(l—al-e)+ai-d (22)

HAiRRIRMBTE)x, y81F. eBSEME, He =1
BY, SBBRMANER, BB HEEEAM,, &
2, NRIFE o N0 EMIBRHEFE) , WiZZAB
MR,

©® FEURIEENA:
NxN

my = Z ol M (23)
=0
HA MRRALERIZIZRE
A3 BHS|E

It FGameGAN-MAY E BB R5|%, HiTELE
FERUREShEREELME, BEMATXIxS5125KE, A
ERBEEBASINRESIRE, UEMIBEEREEIR

Liel

| (IZEAD \ VizDoom ‘
Linear(512*7*7) Linear(512*7*7)
LeakyReLU(0.2) LeakyReL.U(0.2)

Reshape(7, 7, 512)
T.Conv2D(512, 3, 1, 0, 0)

Reshape(7, 7, 512)
T.Conv2D(512,4, 1,0, 0)

LeakyReLU(0.2) LeakyReLU(0.2)
T.Conv2D(256, 3, 2,0, 1) | T.Conv2D(256, 4,1, 0, 0)
LeakyReLU(0.2) LeakyReLU(0.2)
T.Conv2D(128, 4,2,0,0) | T.Conv2D(128, 5, 2, 0, 0)
LeakyReLLU(0.2) LeakyReLLU(0.2)
T.Conv2D(64, 4,2,0,0) | T.Conv2D(64,5, 2,0, 0)
LeakyReLLU(0.2) LeakyReLLU(0.2)

T.Conv2D(3, 3, 1,0,0) | T.Conv2D(3, 4, 1,0, 0)

HEN » BEM
HE

* Concat/Split, BN
HIE/MLP

+ BF=iESoftmax kS

|

b Xr+1

REERMER

EEME BRI ER

El16: BFH @SS AERS %, BERTHS IR
BB T o

SFFLLe = {c), ..., &} = {my, h:}ARFIRIENRN
T RRRERSIE, RUTUTAHASR. EFERBHK
FHS IE 6,

® B, BXEMREENE, FERN3x3x
1283&%, ﬁfngk € RH1><H1><D1 and Ok € RH1><H1><1’
HRZKEEEERNERELETRE, BLBERAIEE
793, UEMRTx7x32+15kE (ALk, H,=7,D,=32) :



’ (iz=Z A) &Vizdoom ‘
Linear(3*3*128)
Reshape(3,3,128)
LeakyReL.U(0.2)

T.Conv2D(512, 3, 1, 0, 0)
LeakyReL.U(0.2)

T.Conv2D(32+1, 3, 1, 0, 0)

BAVEFRBMNKEEEE LSS, S AFMOY
VPR IBIEIEITCF, #c'EE—FEMLP [Linear(32),
LeakyReLU(0.2)], HiGE AT B4 EHS LIITE AR
KINTIRTFH,

@ HEEMNEERKEREBEIEHOER (&
d = (8] softmaxBSHEE) FIRMNHEESREMIX

e

5

! (=N
T.Conv2D(256, 3, 1, 0, 0)
LeakyReLU(0.2)
T.Conv2D(128, 3,2,0, 1)

\ VizDoom \
T.Conv2D(256, 3, 1, 0, 0)
LeakyReLU(0.2)
T.Conv2D(128, 3, 2, 1, 0)

(3 FARASPADE[32]MI4EH, LASEHIIT—1LiE
APR—HER, HOVBERNBEMEMRITABFER
SPADEE Sy BRYIE X BRET

@ F—kERIHERELTE:

’ Pacman \
T.Conv2D(64, 4, 2, 0, 0)
LeakyReLU(0.2)
T.Conv2D(32, 4, 2, 0, 0)
LeakyReLU(0.2)

VizDoom ‘
T.Conv2D(64, 3, 2, 1, 0)
LeakyReL.U(0.2)
T.Conv2D(32, 3,2, 1, 0)
LeakyReLU(0.2)

B EXHhMEEKE, IBIE—ERE
[Conv2D(1, 3, )FKEn", AEEHEHSHMAHEH,
MUK = [E)softmax. FHATESIR T KEkn, HEHZ
#EHsoftmax Z B Ix1EFREH, BERBAKKT,
£, X"l E—HTRE [Conv2D(3, 3, DFRIFH,

A4 E7028

GameGANHRER T /LM, NESIHERE,
BB SERHEZREE, NENHITHD:

] A=DN) \ VizDoom \
Conv2D(16, 5,2,0) | Conv2D(64, 4,2, 0)
BatchNorm2D(16) BatchNorm2D(64)

LeakyReLU(0.2) LeakyReL.U(0.2)
Conv2D(32, 5,2,0) | Conv2D(128, 3, 2, 0)
BatchNorm2D(32) BatchNorm2D(128)

LeakyReLU(0.2) LeakyReLU(0.2)
Conv2D(64, 3, 2,0) | Conv2D(256, 3, 2, 0)
BatchNorm2D(64) | BatchNorm2D(256)

LeakyReLU(0.2) LeakyReLU(0.2)
Conv2D(64, 3, 2,0) | Conv2D(256, 3, 2, 0)
BatchNorm2D(64) BatchNorm2D(256)

LeakyReLU(0.2) LeakyReLU(0.2)

Reshape(3, 3, 64) Reshape(3, 3, 256)

EEERIEE: SNSRI SNTIERALENS
MBENESLHIE. N FEFHTHWD,q...) 2
(D) $E528, BAIRAT MR RBIRLE:

’ Dpatch ‘ Dfull ‘
Conv2D(dim, 2, 1, 1) | Conv2D(dim, 2, 1, 0)
BatchNorm2D(dim) | BatchNorm2D(dim)

LeakyReLU(0.2) LeakyReLU(0.2)

Conv2D(1, 1,2, 1) Conv2D(1, 1,2, 1)

Hoh (IZ2 A) B9dimA64, VizDoomMdimA
2560 D,uon 28 H3x3BIXTER, D48 HEBE—XTE,

ENERILMEEERIZE. KNI =X ERIL L5
2D ction BT . Doction: (T Tpars @ Ty Tyars a2) M
(B, 041,08) o 2 RNVEARER o RNENBER, Ba
€ A, XE—MRENADE, £ azao. FHNZIHT
ERHIMTF M FAEDNERE —H. Bk, &
{113&@32 #R N B [Linear(dim) IR IR AIRIS T ERTER N [
2, H (2 A) Bdim=32, VizDoomfdim=128,
RfE, Bxt, xe+1AMNHRBEHITRE, H5—1E
fE[Conv2D(dim, 3, 1, 0), BatchNorm2D(dim),
LeakyReLU(0.2), Reshape(dim)]&F. &=fE, EEh{FHER
NMEFMUSIELREL, F1R N\[Linear(dim), BatchNorm1D
(dim), LeakyReLU(0.2), Linear(1)], M4 RE—IFH

BYEEERSR. A IEISE R ZED conpora & TLIE S FRIN
B HIEHAEERFIIERERBNE. HI1EET
— MR ENEIERIZE, AIEZITEREENHR. F—
BERESESEERRFAEMRE, HITUTRE:



(a) (b)

E17: EFIMNE ISR HEEN SR 2R NKRER,
(QEZRSIZER, (b)E5HI2HR,

Conv3D(64,2,2,1,1,0,0)
BatchNorm3D(64)
LeakyReLU(0.2)
Conv3D(128,2,2,1,1,0,0)
BatchNorm3D(128)
LeakyReL.U(0.2)

ExhpEd RERFEERR NP, T
BHE[Conv3D(1,2, 1,2,1,0,0)], EREIFZE—PMEG
Ak, ZITEEEBEREEFM, HHMERTET,
BN ZERKEFERAT—RIRN:

Conv3D(256, 3, 1,2, 1, 0, 0)
BatchNorm3D(256)
LeakyReLU(0.2)

WME, XM, JaHKEWEEIRN 9 ZF.
F—NEEE[Conv3D(, 2, 1,1, 1,0,0)], BIF=E—D
REBBEVNET I8N, FEINDZERAKEEN
T—REVHEN:
Conv3D(512,3,1,2,1,0,0)

BatchNorm3D(512)
LeakyReLU(0.2)
Conv3D(1,3,1,1,1,0,0)
MTEEI—P BB 320 [BE WA R /NBIXT £
(ZE AN IMEFERARNR (RZE18M) , M
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