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A Performance Improvement Technique for Nash
Q-learning using Macro-Actions

Yunsik Sung*, Kyungeun Choﬁ, Kyhyun Um'

ABSTRACT

A multi-agent system has a longer leamming period and larger state—spaces than a single agent system.
In this paper, we suggest a new method to reduce the learning time of Nash Q-learning in a multi—agent
environment. We apply Macro—actions to Nash Q-learning to improve the learning speed. In the Nash
Q-learning scheme, when agents select actions, rewards are accumulated like Macro—actions. In the
experiments, we compare Nash Q-learning using Macro—-actions with general Nash Q-learning. First,
we observed how many times the agents achieve their goals. The results of this experiment show that
agents using Nash Q-learning and 4 Macro—actions have 9.46% better performance than Nash Q-learning
using only 4 primitive actions. Second, when agents use Macro—actions, Q—values are accumulated 2.6
times more. Finally, agents using Macro—actions select less actions about 44%. As a result, agents select
fewer actions and Macro—actions improve the Q-value's update. It The agents’ learning speeds improve.
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FUNCTION NashQ_lLearningUsingMacroActions
FOR each agent in multi-agent system

CALL selectAction with agentlndex
RETURNING action

CALL doAction with agentlndex, action
CALL getNashRewards with agentindex,
RETURNING nashRewards

CALL getActionRewards with agentindex,
RETURNING actionRewards

CALL updateQFunction with nashRewards,
actionRewards

- FOR other agent in multi-agent system
CALL getAction with otheragentlndex
RETURNING otherAction
CALL getNashRewards

with otherAgentIndex
RETURNING nashRewards
CALL getActionRewards
with otherAgentlndex
RETURNING actionRewards
CALL updateQFunction
with otherAgentindex, nashRewards,
actionRewards

END FOR
END FOR
END FUNCTION

FUNCTION selectAction with agentIndex
RETURNING action

Call random RETURNING temp;

IF temp < Epsilon THEN
CALL getRandomAction RETURNING action
ELSE
CALL getAction with agentlndex
RETURNING action
END IF

END FUNCTION

FUNCTION getAction with agentlndex
RETURNING action

SET tempQValue to 0

FOR each agentAction in QTable
CALL getQValue with agentAction
RETURNING QValue
IEF tempQValue > QValue THEN

SET action to agentAction
SET tempQValue to QValue
END IF
END FOR

END FUNCTION
FUINCTION doAction with agentlndex, action

IF action = MACRO_NORTH THEN
Call moveMacroNorth

ELSE IF action = MACRO_SOUTH THEN
Call moveMacroSouth

ELSE IF action = MACRO _WEST THEN
Call moveMacroWest

ELSE IF action = MACRO_EAST THEN
Call moveMacroEast

ELSE IF action = NORTH THEN
Call moveNorth

ELSE IF action = SOUTH THEN
Call moveSouth

ELSE IF action = WEST THEN
Call moveWest

ELSE IF action = EAST THEN
Call moveEast

END IF

END FUNCION

FUINCTION getNashRewards with agentIndex
RETURNING nashRewards

FOR each agent in multi-agent system
FOR other agent in multi—agent system
CALL calculateNashValue
with agentIndex, otheragentlndex
RETURNING nashRewards
END FOR
END FOR

END FUNCION

FUINCTION getActionRewards with agentlndex
RETURNING actionRewards

CALL getAgentPosition with agentIndex
RETURNING agentPosition

CALL getOtherAgentPosition with agentIndex
RETURNING otherAgentPosition

CALL getGoalPosition with agentlndex
RETURNING goalPosition

IF agentPosition = otherAgentPosition AND
agentPosition = goalPosition THEN
actionRewards = 250

ELSE IF agentPosition = goalPosition THEN
actionRewards = -250

ELSE IF otherAgentPosition = goalPosition THEN
actionRewards = -250

ELSE
actionRewards =0

END IF

END FUNCION

FUNCTION updateQFunction
with nashRewards, actionRewards

SET QValue = ( 1 - alpha ) * QValue
+ alpha * (actionRewards + beta * nashRewards);

Call setQValue with QValue
END FUNCTION

lo
=
el
(f

e

a7l 9. MY 7




65
E
<0 o o _
60 —o— 7| EHEA Yy T 2UE [
—- |2 SN2 a2l
® Al Easy
50
° 2 8383 8 8 8 8 &
o] [ ] [} o L ] [aw] o o O Lo ]
S 8 | 8 8 § &8 & 8 8
- — o™~ o~ o™ o ™~ -+
Mag
T8 10. 38 v
UTE ¢ F Uy
432 P& Ad 3l v
MNETES B do|AdEI} ERE A= A
=2 GrhAgY AE M8 S5t LRe 24
Q% o] Ash} Wy THANAE BoHAT
o] HES B & 5 o]F T oz AN o
£ol Y5 Aol S5 ol A5 M B 12
112 ool HESL SRS BAT Grbx] et B

O 11§ B gggo] o] FojdFE F 71X §
F W 15 Y58 MesieE Mg 25T A
& 5000 S5 v vj=mE PF S o]-83 ol
a8A g Aol WA B 25289 T wol 3
S Mg} shx]t 59k ¥ Shgro] o]F o)zl o]F:
of 3YF M 5 B vja2F PEL o] LT uj

50
45 q\ | +Nash Qs - B
40 \ I SUECS TR e

¢ F

o 30

wﬁ—z 25

<

Ho op

60

15
10
5
0 L

S 8 8 8 8 8 8 8 8 8

S 8 8 8 ¢ & g8 & g8 s

— - (o] o™l o (48] =I b o W

Algisl 4
I3 1. S DM st SEE w5 M 5%

Az #SS 0188 LAl Q-8&0 Ms &4 JIB 361
b a8A g Al vel o A 12368 BFL
Q@) Az P 0§ W oo HET A
e AE) A57t o BobAA FUF 5o o
g o AgolE B4 AHst o RAT B4 £
7} QAR WA Q-Btgol Wls] FobAl W W o)y
G5 WEHE BF A9 857 FolsE AL
2 4 9tk

grobo] olo]WES} WEE Aelsts B o] By
8} AlZbo] Bo] 2290 WAE PF& 048
9 o A7 WES AU FozH FAH e
Azl @FERE e

433 Q-¢ke] W3} vl

iAo 2 SgHE AR F237] ANA 8

$Fol o]FojA e Fet WAHE BE Q-4 &
BRETh 19 123 50009vitE 2E Q-#E W
& A% 1golt.
I8 128 B 38 53 o] B3t B

90
Q-3tol A&H oz WslHT. SR AvAL |
Q-3 Aol AH 579 o] o Fol7
Fole © o) Q-7kel WL BAHA e of
2 iz A5 08T W Qgtol AEHeE
W olfE BHET ) 71 FEWL o §IA
A o5 BEL WLT AR PEL o 3NN

W AEE s WEe 27 WRoltt

Al
o

.

-.-.—-

5.8 E

o] EEAAE WA Q-39 84 AZHS ol

500000
450000
400000
350000
300000
250000
200000
150000
100000

50000

5000
10000



362 2doltoEs ==2A K112 M8=(2008. 3)
38 e ®017) AsiA gl dojdE &7
A AHE a2z s AR AT AT BUHE 4
A AR BFE AMESHA] 2 WA Q-3
U g Tt AFEF T vnEHAY. 2
SES DASHY] A% AA S vl rr] fsiA A
gst= AF 8 vug. 49 die= v R e
AR P& F7HIAM S5 WA Q-S5o] oF
946% =& 4EFES HAT YFFAH oA
ANtHTh 2 of 29e] YF ddor ZF X
== AL B

T de]HE BAAM= g AR Apole &
AR AT oz P52 *}%O}Xl B2 o)A ES
BEEMNC] HAR F5e AHER do]HEY AT
¥ THIT A o] =FAM YT OF
o) HE FANNE 36% W HREE o 01%0)
she] Wag ¢ Holw Asbgtol HYHL Lhehlx
Atk 2= ThF ol HE BAA YA Q-85 <
AHgE o) 22 YES ol gt Unk WA Q-
tadlA A S Qe FHE AAES 9 & Uk

M2 PFL o4 1 HLolE ool FET} 9
A Aol @ A =2 PFo| ol ZE
Aol 234 A e VL AP A
o)l AYPHEA WA PFS o] &F WA Q-8
%2 A% Y5 Adshe 257 A9l Q-3
ol W) A4 AAShE A DA Ak 1 o
5 P08 g4d AE WAz Y5 oA
WA H 7] HEolth dF& AYste 37t 2ol
= AZ oo]AEL] HA| YFo] o]F FFo2nt
TAHA7] WEA FXEE o] F7] A% o) Fo] Fo}
A= Ae vt 12l vjag 359 45 &
& e getstr] fsiA ohdsiAl B3 A
FTAAM Q-#%S vug o W22 PYFS o] &3
SJHNE= Q-#e 734E w shie] PFFo] ofd vl
AF P& FAZ BE F9 HAZS F L35}
ol A Q-gt ol 26M & FXE A
A5 Q-gk0) ASAH R WIRITE AL 2 IF
t 2 q% A B4 B¥Fo.g 717 diFoltt. 2

= AR PFe oS ) A WA Q-F<F
of ¥IshA F& HAE 48 = UM

A Q-8 2 B3 do|FE &3 X Q-F<F
= AE&317] AT BFES AMNAY. o] =FdAAE

2
oy
&

WA Q-Ste) o ARHYH S SE A
AA TS ANGoZA B A% ATS BB
AW AT 2E TF ool HE $He)A A «
52 A A% AT R @At HRe
gt

[1]1 S. R. Safavian and D. Landgrebe, “A Survey
of Decision Tree Classifier Methodology,”
IEEE Transactions on Systems, Man, and
Cybernetics, Vol.3, pp. 660-674, 1991.

(2] C. J. C. H. Watkins, “Learning from delayed re-
wards,” PhD thesis, Cambridge University,
Cambridge, UK., 1989.

[3] M. Wooldrigde, “An Introduction to MultiAgent
Systems,” Wiley, 2002.

[4] A, o|dA, “BX 7|EE o|&3 HA
Q-learning,” HA] ¥ A 2H 3] =F X A
118 A5%, pp. 388-394, October 2001.

(5] A4, AL, “9%8 FELIEE o] §3 Q-
%, YErrjolgrs] =& A9A #1535, pp.
649-657, May 2006.

[6] A. McGovern, R. S. Sutton and A. H. Fagg,
“Roles of Macro-Actions in Accelerating
Reinforcement Learning,” Proceedings of the
1997 Grace Hopper Celebration of Women in
Computing, pp. 13-17, 1997.

[7] R. Makar, S. Mahadevan, and M. Ghavamzadeh,
“Hierarchical = Multi-Agent

Proceedings of the Fifth
International Conference on Autonomous
Agents, pp. 246-253, 2001.

[8] G. Tesauro, “Extending Q-Learning to General
Adaptive Multi-Agent Systems,” Advances in

Reinforcement

Leaming,”

Neural Information Processing System, Vol
16, pp. 871-878, 2003.

(9] J. Hu and M. P. Wellman, “Nash Q-learning
for General-Sum Stochastic Games,” Journal
of Machine Learning Research, Vol4, pp.
1039-1069, 2003.



RN

199813 ~ 2001 d Al o] PA| ~H)
20043 ~ 20053 (F) EA 2 o]

A

20043 8¢ FAMEw, HAAA
71 B HFH T (3
AH)

20063 8¥ T gy, FH3FH
38t} Y3HA(F A

B ol thE oo NE A 2H Sty AET} AlAaH,

A o1&

<]

&

rlo

=

19933 249 Faoi s, AAA 4
&} 3} (- 8HA})
19954 2¢ F=digtw, FAFH
33t A (F AL
20013 8¢¥ Farudtar, FHFEH
St} o) Shd (FshakAL)
20033 9¥ ~2005d 84¥ F o+
ot FRAIANS
FHZEE W ) o] T8
A A3~
20055 99 ~2007d 6¥ 01w FRAFNE H
FTHEE vt g3t Fugs
20079 7TE~@A Sl FAvIToist AU
Elvltjo] 38t} 2ulg
BTk HFH AY dnEE, Ad IFAT, BEY

Hol FnAg

Di3= #s2 0188 LA Q-&52 ds 84 JI# 363

1975 29 AM-&distn 2o st
&858 FoHAL
19773 2¢ A str|ed A4l

gta} o] FA AL
1994 29 AMEdigtw ojgh
AFH T 5abA}
197843 39 ~20079 64 E=1
gt HFEHE v o
3t Qalar
20073 7€~ T Fgvojnist Aldd
Elv)t] o] 3-8t}
1995 3¥9~1999d 29 Fooigta ARAAG A
2001 3¢€~2003d 2¢¥ F=distw ARAAAS g
7 94l
200503 39 ~&EA T AALTHS] AE-9d
19984 129 ~2001d 12¢ k= HEjvjr]o]sts] R3]
AT, FAREE 99
20073 1€ ~2007d 124¢ g=xHEnjrjoigs 3%
DA Fob t AAA 2" W 2 A, HE | Yo S8 A
28 HEnrtjo{dl o} Wjo] X~




