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Abstract

In recent years, artificial intelligence (AI) techniques have made significant
progress and have been widely used in various applications. In some applica-
tions, Al agents are employed to replace human resources where an example is
self-driving cars. Digital games are also a field with significant progress in Al. In
digital games, to create good Al players as humans’ alternatives, it is required to
make the Al players as strong as humans. In this sense, creating strong Al players
has been a research topic where plenty of achievements were obtained.

Among digital games, Al players as teammates are employed in cooperative
multiplayer games when human players cannot form a team. Therefore, coopera-
tion between the teammate Al and the human players is important in this game
genre. There are various behaviors required for cooperation, including cooperative
behaviors in order to achieve the main goal of the game, cooperative behaviors
that fit other players’ senses of values, and human-like behaviors.

However, for beginners and intermediate players, it is not always the most desir-
able to have Al players that “successfully achieve the main goal of the game in an
environment with human players”. More specifically, even if the players can win
as a team, human players may not feel interested because they cannot “play active
roles”. This paper aims to create teammate Al that supports human players to
let them play active roles even with sacrifice to achieve the main goal. For this
purpose, we believe that human players’ intentions, such as “wanting to attack”
or “wanting to survive”, should be respected and that cooperative actions should
be made to support human players’ intentions.

In this study, we employ DungeonEscape, a game where three players try to
escape from a dungeon by defeating a dragon. We extend the game so that the
above-mentioned intentions or emphasized behaviors are easier to occur and be rec-
ognized. Then, we (1) consider typical intentions that may occur in this extended
game and create an intention agent that acts according to each of the intentions,
(2) create a support Al for each of the intention agents to support the agent’s in-
tention, (3) create a predictor that predicts intentions from the actions of intention
agents, and (4) use the predictor to predict human players’ intentions and provide
the support Al corresponding to the predicted intentions as teammates.

For (1), we first considered that attack-oriented, survival-oriented, efficiency-
oriented, and peer-oriented are representative intentions. In more detail, we de-
fined attack-oriented players as those who tend to take the initiative in attacking
enemies, survival-oriented players as those who tend to give priority to being alive,
and efficiency-oriented players as those who try to clear the game as quickly as
possible. The specific goal of this research is to support these players. We then
created Al agents with these intentions so that we could create support Al for



(2) and train intention predictors for (3). Ideally, it was better to use human
players’ data to train the intention predictors since we want to support human
players. However, since it was difficult to collect data from human players due to
cost, we created the intention agents using reinforcement learning with rewards
corresponding to the intentions.

Next, we conducted experiments and confirmed that the three created intention
agents indeed acted in response to the corresponding intentions. Compared to
the attack rate of 0.33 for the default agent with no intentions, the attack rate
for the attack-oriented agent increased to 0.41. For the survival-oriented agent,
we also used the attack rate as the evaluation. The reason was that players in
DungeonEscape die if they attack the dragon. In other words, the players are
likely to survive if they do not attack the dragon. Thus, the attack rate reflects
the survival intention to some extent. The attack rate for the survival-oriented
agent decreased to 0.01, which was much lower than the default agent’s 0.33. For
the efficiency-oriented agent, the clear time of the game decreased by about 12%.

For (2), we trained intention-supporting Al, whose goal is to support the actions
of intention agents. During training, two instances of the intention-supporting Al
were paired with an intention agent. We fixed the intention agent and used rein-
forcement learning to train the intention-supporting AI. We designed the rewards
for reinforcement learning in a way that the AI receives high rewards when the
intention agents find them in favorable situations. For example, attack-supporting
AT receives high rewards when attack-oriented agents attack the dragon. By doing
so, the intention-supporting Al learns behaviors that assist the intention agents
in achieving their goals. Taking the same example of the attack-supporting Al,
moving away from the dragon and giving up to attack are desired behaviors.

In our evaluation experiments, we demonstrated the effectiveness of the intention-
supporting Al by comparing two cases: an intention agent paired with the default
agents and the same intention agent paired with the corresponding intention-
supporting Al. The attack-oriented agent paired with the attack-supporting Al
had an attack rate of 0.89, which was higher than 0.41 when paired with the default
agents. The survival-oriented agent paired with the survival-supporting Al had
an attack rate of 0.005, which was lower than 0.012 when paired with the default
agents. As for efficiency-oriented agents, we consider that efficiency-oriented agents
themselves serve as the efficiency-supporting AI. When the efficiency-oriented
agents were paired together, the clear time of the game was reduced by nearly
10%.

For (3), we trained a binary classifier to predict whether the intention is attack-
oriented or survival-oriented. We used game logs collected from intention agents
as the training data. In more detail, the inputs to the classifier contained the



coordinates of the player’s position, the coordinates of the dragon’s position, and
the distance between the player and the dragon. The accuracy of the classifier was
0.905, even with a simple neural network.

For (4), by combining the intention classifier and the intention-supporting Al,
we created an integrated intention-supporting AI that provides the intention-
supporting Al corresponding to the predicted intention as teammates. Evaluation
experiments on the integrated Al showed that the Al was generally able to correctly
support the player’s intentions, with an attack rate of 0.77 for the attack-oriented
agent and an attack rate of 0.01 for the survival-orientated agent. Furthermore, we
verified the robustness of the integrated Al by including fluctuations and delays in
the evaluation, taking into account that our final goal is to support human players.
The results showed that it was difficult for the integrated Al to let human players
play active roles. However, the results also showed that as long as the players had
some clear intentions, such as attack-oriented and survival-oriented, the integrated
AT was able to provide the corresponding support.
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PRioZABT LAY, Foavrsiinsg X578 $57
295, EREAMIC, BRTE RS o@GiED? S, HODK
BLREINWITF =24 =122 (FTZIBR—ZLD05%k
FTLES) BADARIIVAEET 27755, Z0k5kE
MZEBHT 22— v 2ER720120F, FELTAZLICEHD
WNE 52 200BEBWe#E2 3.
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W3, ZOBENEEsEABT LA YIE, WHTOPRAMBEIZ X -
TENT 27255, ZOANB T LAY EHRAFZ—2 b DHB
RZay e DEHINIVGEIE R 7 ADEEEITS D, EWD
LEE~y THRABOET 27255, ¥k s, R ERO AR
FLAXIE, RITUVANDODREZKGIEE T~y FHINCHB
TEREBLLFICANII LT ENLTHE. ZDXIRERE
B3 22— bVERESZDIZZ, FT—227 0 7hhrol
REENC X 2N E D 2 DPRVWEEZ 5.

£ 5.1: BXICHED W17 OH)

=X \ 5V \ BRI 724 TE)

e SN Ry ZE L0 RS 3y ADESE
A7 EIA XD 20 RSarhroiiins
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5.2 HF{EEROBZVWI—Y NOEE

AREITIE, 3.3HITEA LHLRR DungeonEscape BRIE T, 5.1 HiCidR7= XS
RGBSR EE R 220 [F 710 b2 —Y 2V b 2B T 3EBRET
I, ZITHEELEETNG, Sb3MTHERZEK -2 b DHEDHIC
Funs.

5.2.1 FleREROEIE

FEREHANE, LR DungeonEscape THILZEE ZHWT, ML Tr—o% 2
V73280 RGBBODRET LI 2MERT LI THS.
IVENNES. G

- BRI%X, DougeonEscape % #12 L 72455k DungeonEscape T
5.
- BRICE 3RO T LAY 1IED RS VI FET 5.

- FoarvihdRiREI» MBI 2HNE LS —L4T
»H3.

- FLAROBMOL LTR7, F7a YoM LTR-%1
PFET 5.

- HIPRRFREINX 6000 7L — A2 5. 72720, 1BBEBXZ60 7
L—LTH5.

- P ADRRTEME, FLAYR T oMM, N5 raE—
ZNVIZRA, HIRREEO@EERD 3 5Th 5.

- F—LBRRRHIC, R4 YT T VX LN ETY)

Hlkxhs.

- TVULANVE R IV ERLTREAFLEZDS, F7260HET
5z xHEHIET.

- LAY DEeNBITENG, FIREAGNOBE), A0 HEEET
H5B.

- TLAXE, BEOMNE? S EHMERNERLYE VI X - TEHHI
TE3.

- FBEHE 21X, o ERIELERO {8 LAY, Koo
v, BORT, R—X&LY} b OFEZRHE L PR BT 3.

- FoINX, ERRNCE—ZAANADL I ITEIR L 2 — 1 X T 1
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- NVF =T 2y PEFETIRDO T LA VY EFET 5.
- 7L X 20 MA-POCA[30] W 5.
- IV Y M, S =020 7RISR & E RN %15 5 .

7 — ABRIEICOWTIE, 2Ot TVW 3 33HizSI v, FH 7L
=Y X MA-POCA[30] 1%, 221 HiCHD EFe~vFL— = M(bEEF
% COMA[14] ZFHIZ L 72 DTHS. MA-POCA 1Z, COMA THli- 7=15HEY
M%7 — AFRICIEEEH LT 2 o — 2 2~ MICBDIBR L2 EF L TH 5. il
T—Yzy b RRIHTZHM R, ¢ RT—2 x> MTHT BB R, & LT
HZohd., Ry RE, =27V T7ETReDokEH f &L AYOITE)
ZHEBBcICEoTRDEIICERINS.

R, = (0.999)7 (5.1)

Ri = —00016
RE, XDRWS =270 72RO RRRINTH 2. £z, RIF, ITEIAEIK
WCRFAVT 42522528 T, ANESLULROABEARTHI D OB 72 258 240

Hls2HRD . £, ZOMOREIZEL2ITRT. 24U, MA-POCANT
HOHRTWABDTHB.

& 5.2: MA-POCA D NA R—F X — &

Hyperparameter
Minibatch Size 1024
Buffer Size 10240
Learning Rate 0.0003
Optimizer Adam
Discount Factor 0.99
Hidden Units 256
Fully Connected Layers 2

5.2.2 RERFER

F3, K5.1121000 FRAT v F¥H 2 To 78 TOEEHRMNE RS, FE 125
R 2 L2, 32ty MTw, Mol Ok, &) 3B#HEE2 L -
72bDERLTWVWAS.

500 H AT v I CHEREEIMNIE X # 0812745 Z e R TE /. 72751,
RRMIFIEHI CERSINDDTHD, =27V T7RLIZERL. ZIZT500
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Group Reward
o o o o o
w S (4] o ~N

<
)

o

0 ™ 2M 3M 4M 5M 6M ™ 8M 9M 10M
step

X 5.1: 7741 T — x> b DOFEY R

HAT v 721000 FRAT Y FIZBWTERETAVEMNL, =220 7RE2H
L.

F—LZ V7RIV — FEZRIIITRT. BBEREZ, ZhzhETLE
20007 I 2L —>ay L2 FETH S,

SV TRFIN S LBV T TEREASERLTED, METLEHIZ0.9
BRI EDHRTEL. BB, JUYT7TERVWIELY—FTIE, F7a300D
WML B R —ZEL, T—Y 2 Y FD R 7 I VADRERNICEDZ WD
DOWH o7z, U, FIHANENZ VX LA THRD 5N E TR DT
H3. Fl, T—VzY bHBHICE o003 e THICEDRL 2D H D,
CHELIIEREINZIRAFF LI DM LETX2AREMEZREL TN 5.

EHIEYY - FREF 172 TETR 2o 2R ZRLTED, WMETIL
LHICBLZM0O 7L —LTholz. 22T, KEOHEAMIZZ7L—2ZFHLT
W5, 160 7L —LTHEI2EZDL, BEXZ25MTr—2%2K2T
WBZ N5,

ZDRERD S, 500 H AT v T THRZEENTETWE EEZ 5. AT, 1000
HAT v OB B D R OBE»HH LW, 22T, 500 FRT v 7
FHRLEETAET 740 b=V b LTHAL, TAMBZ—Y 22 b
DFEE R T v TEII 500 T RHEY 33,

#£53 774N TP =¥ b OWRERH

ETIL oV TR | CFIEYY — PR (frame)
SM R T v 7 0.916 141.1
1I0OM A7 v 7 0.923 139.8
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5.3 BERIT—> 12 bOERR L FMEiEER

BENz—y =Y NI, BERZF AT LA YORBLR2bDTHS. 20D
7o, 51T, BERICEDWAATE 2N 2RHEIE 570 DWMMIz oW TR
N7z, T ZTE, DungeonEscape % FIZHEER L 72 HL5RIM DungeonEscape B35 T,
TLAXIZZOHMEE 252 T, BERI=—Y =¥ M 2ERT 5.

5.3.1 ERI—C Iy bOEHAE

ZIZTW, SHEOEKT—Y Y b2¥ET L. BENT—Y =¥ FDITENI,
BENER A ABORLZFEN LU TWEZ e e LWL. BENIX, 5253
WHDEHIC L > TDOAERTS. ZDXIICLT, WEEH (X552, £HEE
m (R 5.3), HFRER (X5.4) OFFENCEDELRERNE ZHZNLLRD X S ICE
D7z,

Ry(attack) = (0.999)f (5.2)
—0.001c¢+ 0.3 (if : killed the dragon)

R;(attack) =
—0.001c — 0.1 (if = didn't kill the dragon)

R,(escape) = (0.999)7 (5.3)
—0.001c — 0.5 (if : dead)

Ri(escape) =
{—0.0010 (if = alive)

Ry(ef ficient) = (0.99) (5.4)

RBRICFET 23RO —Y =Y MEIIRNTHRUEMEZ 52 T8 E21TS. W
B2 AFERr—-Ycr bofEHME, F0o -V PRIV EEILE
MEIDPTERS, WEERZ -V FOLER R 7ar 22X, £FER
I—Y Y FOGEFADPEZRIUIE AR 72 5. £, ROV T
ZHIET Z R ARRX VEERDBZ L BRVIEID IV B LTWE D, 7
TN b=z P ERIUEBMTH 3.

INBIH LU THERERNT—Y 2 POWE, T 74 2 —Y x> O
MR, 237 ) 7N X 2B EZ B KMEEbDTHD. £y, KAV
EHIZI280HM2 T T, MRWNLRAB T LA YOED ZRIT 5.

5.z 2N O EREOREX, 52 DFHEFRODDO LR CICLTEE%E
1To7-.
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B EE
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#£54 BXIZ— 2V bDYIalb—a ViR
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77 # L bk 0.916 0.331 6.1 141.1
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BELT0.025 DM D o7z, Fie, WERIZ0408THD, 4B EHERIT-
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RERT—Y 2 T, 7V 7RIZ, 0906 TRERZE(LIIR SN o7,
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U, REFMDANE T LA YDED RN LS -2 T LA KRB LTV,
MU EDHERD? S, WEERZ—Y 2 ¥ P TIIBERNE L, AFEER T -2
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REDENZR o727V A VY EERIE2-D12F, ZOENEYR—+T 5
F—LAAIDBRETHL., FITARETE, sETCEREZERTZ—Y x> RIGH#
X BEXY K-+ Al OERICOWTHHAT 5. £3, 518 TR XD AT
BE L 2ZNThDOANBE T LA XITHL, ZREERIE272DICHR—-F ALIX
DX RTEHE L NE I VRS, 6.2 M TIIERY K-t Al D FEE
WA, RS WDITEBINT 5% TS 5.

6.1 XRrIBHR—FTH

CNETENZHR o T LA YDL 2TEIZET . 22T, AiEDEIUC
oT, MR FTHHR— MTENIOWTHENS. FTHENIH LT, ?EE@%%%
LM EELEL, ZRAENEESI B 1TEHZ 108D 5. £6.11F, FEX
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o WEYR—}
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XoT, TNEEEIEL/-DIE NI ITNITE S0
THEATHIZ L 20END B, 72721, EREIBTVNRBIBER
BETHZELTH, HODPKEL RIS — L4 —N=127%
6(%72/#ﬁ EADLRIFTLES) HEXK, Foavr
WBINZTHD. ZOLIRBREHI, H3EESAT LI ve
BT3B, Leh>T, WY H— b ATREGFERT—Y 2>k
WEZ MM FEREICT 2 TIERTE 2 E X 5.

o ETFEVR— b
EEEA LAY EREEIE 2720020 FTHB. 4fF
BAEFIVAVIIAEZELZ e 2BET2E VI bDTHY, K
IUPLHHEN S KO RITEIZ L DF V. U, ZhEiEEsE
B7DIZE R NTEDLATE#NZ & 2RERDH . £D S AT,
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BEBEULTWE ), WEBEAT—Y =Y MIEZ 28 L [F
MRS 5 2 Z“Cﬁf}ﬂZ“C% BEEZD.

o KPR — b

SRER T VAV ERERIE2-DDL -V b THD. R
BRI VAYIBEC S -2 227075232 2 BT 229
KT OMBIZ K - C, F7:/«ﬁ0<ﬁﬁ%téﬁﬁ®ﬁﬁ%
FICrits 21782 L 20129005, Ko T, ThEmExE
37-DIIEENZNDITENHICTE 20BN D 5. £F, F
BHZ—Y 2V BRI NEILTEI R E o 21X, ~v 7
HRCHEE AT T 5 X 5 ITETU X v, SO MBS TRtk
TRTE R Y o X1E, FII VAT 2 L5 1278370
v, MBEER TV A YHLHES OV EIC XL > TS5 S DITH)
300 CWBDTHIUE, S R— b ALZFE UK
FERPFEOZ L TIIHIETE S, Ldio T, $RIR— b
ALZMFRERA -V P eRUHEME S22 (F—22V0 71
Do TR X 22 ED %) Z & TERT 5.

% 6.1: ZhZ2hOEXZ Y R— T 5178

B [ EESERVT LA Y OE A — MTH)
W] RS oy NG RSV ADKREREL
A SR Fo7arnoithd RSTUAKRET 2
RIS IRTT DALE & - TAAL k75 DA & - TEAL
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6.2 EEYKR— b AIDIERK & FHERER

BEEYR—1 AL, FEOREREFR > N7 LA Y 2GR 2D TH 5.
ZD7H, 6.1HITIE, FERZYR— M3 278 @bt E 2HWLESITZEN
RAEXE D720 ONWTIERZ. T ZTIlE, DungeonEscape % FIHER
U 72955k DungeonEscape B3 C, Wz HW7z@br2EH = —o = > b 24K,
BEMr—Y =Y b 1AZRZICLTEET 2 e TERY R — b AL 2T 5.

6.2.1 EBEXRHYR—FAIOFEZAHE

T, SEEOERNIMIGLZEKYR— bt Al 2¥E 3 5. BRIV K-
ATDITENZE, ANBEIDBT LA L XD T HR- L TINDEZNE
FLW., 22T, ANBIZTLAVYORB L L2EN -2y FERTICLTHEY
2175, KO61IFHEYR—-MAIZFETARIETH S, WEBY K-+ AlO¥EY
Rz, WEERT—Y Y MIKA L LTITEIS 20, AROEENITTODNLZD
W 2KDYR— b AIDATH 2 FEFDHNER) .

F—L4 SHRHIR,

{5 RBAR,

X 6.1: BEXYKR— b Al DY

2IRDsRbFEH -y =2 v MTE X 2O EZ, 6.1 THHALZED TDH
5. WBYR— b AL, FRCHREFR - x> oY (A UHRMEHv
7231KDFE) LIHERIL I 2T B3I Ik B70, Hil-kEB8Thb3e,
RYR—MAI=RERI -2 P2 LTS 21T 5. HESR— b AL
i, HEEMZ—Y = b (K52 0WMMTHERE) 1 IKEHFIC, 2025
XE27-0K 6.1 DWMMEHNTEETS. 2L, BB RII VR TESE
FREIX W e 2o 28T, R5.2 23RO EREERE>TWS. KR,
A R— 1 ARKIIEREENT—Y 2> 1R (R 5.3 TEEF) 2HEFIL, R
6.2 DI E HNTHEE T 5. X, EHEERT—Y Y V2 TE 35057k
WEHIZT AT, X532 EL-bDEEZ 5.

52 2 LIN DB DREX, 52D TIHERDO D EECICL THFE %
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R,(sup-attack) = (0.999)f (6.1)
—0.001¢—0.3 (if : killed the dragon)

R;(sup-attack) =
—0.001c + 0.1 (if : didn't kill the dragon)

R, (sup-escape) = (0.999)7 (6.2)
{—0.0010 + 0.5 (if : escape-agent is alive)

R;(sup-escape) =
—0.001c (if : escape-agent is dead)

6.2.2 T4HgesTE

BEXYARE— b~ AIOIERRTIE, 500 FRAT v 78 E2{To7-. £/-K62D XS
W2, B —Y 2V M I KERTZICLIES — 22 Z0FN 2000 RE1T75 Z 2T
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BYRK—MARKDF — L TFr —2b%2fTo72 TORBEMORICEHT 3. Z
DAERIZE62ICFE L DB, ZORICHEBYR—F AITERLS T 74V b1 —
PV "OMHFEEBD LGS (K5.2) OMREFEIET 2. FHMEEE X, 5320
54 LIXERACTUTOEY TH 3.
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o V¥V —FE ZUFLEFr—sFEEYNE RS DIIO0
T, 17 —=2IZhd o 7=KifHE

AR 0

F 6.2 WEYR—FAITI 2L —a VRO
WEER AL D WEEEmE AL D .
HHR— b Al 70 7R " ¥V —FE
o g B KRR IEER
77 %)L bk 0.941 0.408 6.8 139.3
WEYR— M Al | 0821 0.896 6.2 173.4
#£6.3: EHEVFR—FAITI 2L —3a VRO
E1FEER AL O LA EINED
PR-PAL | 2 TE \ g | TEYFR
o WEER REVEEK
F7 4L b 0.871 0.012 47.9 230.5
EFEYR—FAL | 0.860 0.005 55.5 251.8
£ 6.4 MBHR—PFAITI 2L —3a VERDOLE
j]‘f‘—‘wl_nm Al D xbaéuﬁ AT D .
FHR-NAI | sUTR| TEY—F
o I B KRR IEERY =
F7 %)L b 0.906 0.317 11.5 124.7
MRYR—F AL | 0.910 0.323 10.6 113.0

% 6.213,

L—alViERERLTWS, 3, 7V 7R
ZDZVTEREROENE, WEYR—MAIOKEY
F72, WEEHIZ0.896 L IEFITE

BRLNLR o7,

WEZ & 57z,

WEEFR -2 M IEERTIZUEHREY R— N ARKDT I 2
030.821 ¥ 0.12 1T DK RAR 507,
BARBBTFENCLZDDTH 5.
KRR UVEBEREIDF H KRERZEL
IEY—RFREIIAKEIEMLTED, X, WESR— kAL

PRSI HoMNETHE L o TWD THE L EX L. WEEAL—T x>
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, BOEY R — b AL RO IR R, 13 0.941(0.704 x 1.1+0.052 % 0.7) = 0.924
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THb. D, REFR-FAIOREBRTHI L, FHINE Y 7HRIB
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L 7.
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{BRoTWBZEWERTE S, 2R, IEMNZZ Y7L ns BEREY
R—FTEBIENRTETCVWDREEZRS. ELEROS LA HEHETIE, =—I=
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NDPFRFEDOERNICH L CTENINCIR2 8>S L 2R L. 22T, KETIES
LA YOEKZHET 2 ENHEEIFICOWTIHENRS.

7.1 HEEROFEFHE
AFEITIX, BERHEEROEEHICHW 22y v —28, AHTF—&i2onWT
VNN

7.1.1 AHAOT—%

T3, RTLWKCANT—Z e LTHOWEERE RS, R7112H2 1-5 FTDIH
e s — LBED 5 30 7L — 2045, S, ANTKTEIE5 X 30 TH 5. BN
HEMRE, F—2HIHRT LA VYOERZIELSHEEST 2H0END D, »OHEE
LB Tr — o T L TwWRWZ e RDEND. ZZT, 774 bT—
VY MDOEEHIEY —FEN 4l 7L —ATHERIZBEZI T/ 7L — 4
BEPRE L. 72720, 2071 —2BEEEILXINTZH DT RWE=H5HED
HETH 5.
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1 | FIaVenRI7LA Y e D
2,3 MR TV A Y OAEEEE (x,y)
4,5 R 3> O EEE (x,y)

AT =ZLERRET LA YOREKD [WEER ) TEFER) FIEER O
RSV OLHEE LR ITURX s w. 26 0EKTIEZENFNE 2178123
B, RTINS DEIDPDREETH L. Z0RED, TOLS5%A
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BHEX% one-hot T A—F 4 ¥ 7 LEbOREEIF—X L LTINY ¥ 2 %{T-
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