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Abstract: We previously proposed RGoal, a hierarchical reinforcement learning algorithm with
recursive subroutine calls, but it had a strong limitation of only one subroutine exit. In this paper,
we extend RGoal to allow subroutines to have multiple exits and also introduce an exception
termination feature. Two versions of the algorithm, Monte Carlo and Sarsa, were implemented
and tested on multiple test tasks. We also discussed problems with the current Sarsa version and
proposed improvements.
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: procedure EPISODE(S, G)

# Init and choose the first action rule.
ruleHistory, callerHistory, rewardHistory <— empty
s+ S; g+ G; stack, callerStack <« empty

Choose rule from s, g using policy derived from Q
while stack is not empty do
# Take action.
a < getAction(rule)
if a = RET then
s’ ¢« s; g « stack.pop(); reward < RFeturn
else if a is exit(m) then
s’ < m; g « stack.pop(); reward «+ RF®i
else if a is call(m) then
stack.push(g); s’ < s; g + m; reward «+ RC
else
Take action a, observe reward and s’; g’ < g

# Choose action rule.
if s’ € g’ then
rule’ < ReturnRule
else
Choose rule’ from s’, g’ using policy derived from Q

# Remember history for Update.

if a = RET then
caller + callerStack.pop()
else if a is exit(m) then
caller <— callerStack.pop()
else if a is call(m) then
callerStack.push(caller)
caller < rule

##

s< sy g+ g’; rule < rule’
Update(ruleHistory, callerHistory, rewardHistory)

35:

36

37:
38:
39:
40:
41:
42:
43:

: procedure UPDATE(ruleHistory, callerHistory, rewardHistory)
G < 0 # Total reward until the end of the episode.
while ruleHistory is not empty do
rule < ruleHistory.pop() ; caller «+ callerHistory.pop() ;
if rule = ReturnRule then
Base(caller) «+ Base(caller) + a(G — Base(caller))
else
Q(rule) < Q(rule) + a(G — Base(caller) — Q(rule))

ANTHEF R TR E R
MHANTHIBERZER
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stack.push(G) ; caller « StartRule ; callerStack.push(dummy)

ruleHistory.push(rule) ; rewardHistory.push(reward) ; callerHistory.push(caller)

G + G + rewardHistory.pop()

3 BV TANTIEZ K 2EEDOEE LA —F, ZIZTrule &l (s,9,a) DHERT 7T —XHiETDH %, ReturnRule
WEEELT getAction(ReturnRule)=RET, Q(ReturnRule)=0 ¥ 3 %, StartRule It Y — FZBIHET 52X I —
DITEN— N2 RS TER, RO, Return REPIE 3z ey 7L —F VIFUH L. RET. exit OB (172
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ANTHIRE

1: procedure EPISODE(S, G)

2 # Init and choose the first action rule.

3 s« S; g+« G; stack, callerStack < empty

4 stack.push(G) ; caller + StartRule ; callerStack.push(dummy)

5: Choose rule from s, g using policy derived from Q

6 while stack is not empty do

7 # Take action.

8 a <— getAction(rule)

9 if a = RET then

10: s’ ¢« s; g « stack.pop(); reward < RFeturn

11: else if a is exit(m) then

12: s’ < m; g ¢ stack.pop(); reward « RF®

13: else if a is call(m) then

14: stack.push(g); s’ < s; g + m; reward < RC

15: else

16: Take action a, observe reward and s’; g’ < g

17: # Choose action rule.

18: if s” € g’ then

19: rule’ +— ReturnRule

20: else

21: Choose rule’ from s’, g’ using policy derived from Q

22: # Update.

23: if a = RET then

24: Base(caller) + Base(caller) + « (reward + Q(rule’) — Base(caller))
25: caller « callerStack.pop()

26: # Do not update Q(rule) because Q(ReturnRule) is always 0 .
27: else if a is exit(m) then

28: Q(rule) <— Q(rule) + a (reward + Q(rule’) — Base(caller) — Q(rule))
29: caller « callerStack.pop()
30: else if a is call(m) then
31: callerStack.push(caller)
32: caller < rule
33: Q(rule) + Q(rule) + a (reward + Q(rule’) + Base(rule) — Q(rule))
34: else
35: Q(rule) + Q(rule) + a (reward + Q(rule’) — Q(rule))
36: #
37: s < s’y g<g’; rule + rule’
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