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o ]ZJE %ﬁ]x}ﬂ e A 'H—ZrE 7

behaviar
pause / stop

Execution &
Monitoring
Phasze

Intervention
Phaze

behaviar
resume
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Initialize Q(s, a) arbitrarily
Set e (0 <e<1)
Repeat (for each episode) :
Initialize s
Repeat for each step of episode :
select action a (argmax.@(s, a)) with
probability 1-¢
or random select action with probability e
Take the select action a
Observe reward r, next State s’
Update Q(s, a) :
Q(s, a)<(1-a)Q(s, a)+alr+ymax,,
Qs a)-Q(s, a)l
Update s<s’
until s is terminal
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Selection

Interpreter Behavior

World Model

Actions

Reward
Calculator

State Manager

World
Context

<O8 6> 24 Al HFHE

Data
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L-CAA : &9 7|8 Z3tstE ofo|HE 7=

Set previous_state = StMgr.GetCurrentState();
Set emergent_behavior = null;
Loop
Set state = StMgr.GetCurrentState();
Set current_behavior = FindRunningBehavior(state);
/) @A A FA AT gAY Ads RIS o
/) RS ol g3t Q g ks AL A8 UhEsd dYE F Q ¥ k¥ &84 (utility)
/)9 el Adil A9 E *dE—MO% é_‘?'%‘
if (current_behavior == null ||
current_behavior.Completed()) then
Set reward = RC.CalculateReward(state);
QE.UpdateQValue(previous_state, current_behavior, reward);
Set best_value = -0
for each behavior BehaviorList
if (behavior.Applicable(state)) then
Set g_value = QE.GetQValue(state, behavior)
Set utility = behavior.CalculateUtility(state)
if (best_value < (q_value + utility)) then
Set current_behavior = behavior;
Set best_value = g_value + utility;
Set previous_state = state;
current_behavior. Run()
/@A A FQl PR 4 EH7F 9 =2 A7 ds o
/) AA A FA AE ZL/\l EHTvL A =97 o o= io PAE A
Else if (emergent,behawor '= null) then
current_behavior.Suspend();
Set previous_state = state;
emergent_behavior.Run();
while (lemergent_behavior.Completed()) wait;
Set state = StMgr.GetCurrentState();
Set reward = RC.CalculateReward(state);
QE.UpdateQValue(previous_state,emergent_behavior,reward);
Set emergent_behavior = null;
current_behavior.Resume();
// aZH A F< 531491 A 7S AL
A E97F =2 39U d=A A2
Else if (current,behavior.Maintainable()) then
Set best_value = -0
for each behavior BehaviorList
if (behavior.Applicable(state)) then
Set q_value = QE.GetQValue(state, behavior)
Set utility = behavior. CalculateUtility(state);
if (best_value < (q_value + utility)) then
Set emergent_behavior = behavior;
break;
/@A A SR AT o oY Adgs A gl
/) ARE T
Else

r$i‘

F 89

o

el

current_hehavior.Stop();
Set current_behavior = null;
End
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A o7 e A% Be W) JeE tehie,
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Wl A9 AT wA FA MAEE sEGHA
A3 R AL 47 AL BBk A49L

e @ o] Aoluh

3.6 FIXIEIIAtRL QlE{ Z2|E

AR A ZeEolA A9l Ado] of
a3t 7} 899 Q 34 S A wath 7+ 99
Q @ake AF A9 £A Aol webA @
JAE WAk gk B ANE AR
4 (Dol weh g sl A A8 b5 B9 adl Q

2 AR A (2] B4 g re BAAA] R
R, @A P ssh ke gl 5 gevel s
B 27 AT, A& vk A% B
712} oo]E AAAE AAR G oGt

Q(s, a)«< (1 - a) Q(s, a) +

o [r + yMaxy Q (s, a')-Q(s, a)l o))
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Abstract

L-CAA : An Architecture for Behavior-Based Reinforcement Learning

Jonggeun Hwang* + Incheol Kim"

In this paper, we propose an agent architecture called L-CAA that is quite effective in real-time
dynamic environments. L-CAA is an extension of CAA, the behavior-based agent architecture which
was also developed by our research group. In order to improve adaptability to the changing environment,
it is extended by adding reinforcement learning capability. To obtain stable performance, however,
behavior selection and execution in the L-CAA architecture do not entirely rely on learning. In L-CAA,
learning is utilized merely as a complimentary means for behavior selection and execution. Behavior
selection mechanism in this architecture consists of two phases. In the first phase, the behaviors are
extracted from the behavior library by checking the user-defined applicable conditions and utility of
each behavior. If multiple behaviors are extracted in the first phase, the single behavior is selected
to execute in the help of reinforcement learning in the second phase. That is, the behavior with the
highest expected reward is selected by comparing Q values of individual behaviors updated through
reinforcement learning. L-CAA can monitor the maintainable conditions of the executing behavior and
stop immediately the behavior when some of the conditions fail due to dynamic change of the
environment. Additionally, L-CAA can suspend and then resume the current behavior whenever it
encounters a higher utility behavior. In order to analyze effectiveness of the L-CAA architecture, we
implement an L-CAA-enabled agent autonomously playing in an Unreal Tournament game that is a

well-known dynamic virtual environment, and then conduct several experiments using it.

Key Words : Agent Architecture, Reinforcement Learning, Q Function Value, Behavior-Based
Architecture, UTBot

* Dept. of Computer Science, Kyonggi University
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