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Co-operative Q-Learning Reminder
Repeating the results from Ahmadabadi
paper
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conclusions

Dynamic environments
Discounted expertness
Conclusion




Q-Learning Reminder

e Framework: Markov Decision Processes

— States S, Actions A : % G
— Rewards R(s,a)
— Transition function T(s,a,s’)

* Mobile Robots in a grid world
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Q-Learning Reminder

* Q(s,a) values approximate the optimal lifetime
reward

* Policy derived from Q values

« Q-Learning algorithm iteratively updates the
table of Q values Q(s'a)=25

<2

r=100

/ D Q(s’,a,’)=50
Q(s,a) =100+50y

=145




Co-operative Q-learning

How should independent agents share
their Q-tables?

Ahmadabadi: ‘Learn from Experts’

Expertness value for each agent = €,

— Based on absolute value of reinforcement
received e/ =>"|r (1)

Specialised agents: expertneés value for

each zone

— Global, Local, State

Our results

 We wanted to test the claim:

— ‘Co-operative Q-Learning is better than
individual Q-learning’

* Firstin a segmented world (Ahmadabadi)
 Then in the general case




Setup, presentation of results

* Presentation of results:
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Our results

* We wanted to test the claim:
— ‘Co-operative Q-Learning is better than
individual Q-learning’
e Firstin a segmented world (Ahmadabadi)
 Then in the general case




Segmented World

* Q Fields after individual learning

1 :11&'4>1'4fziwwwwwgwwwmwwfg 1 ;‘.'4Mfgwwwwwgmwwwwwx" 1 MXX "M%WWFME.SWFEM%WWWJH
2 R 2 2 1 BAAS 2 IR y 2
ZH ST 2 S R 2 e
2K A UG a R _}iﬂ. HALHEHURNH a I Y
5 Jil X ik X 5 B T g o T gt 5 LT (R
6 =l = K- X & (e Wl & LILTI il ot B
- & Rt HIHIE R - £ 7 rhlsl T L
Sh e DEEME g AR
9 X X 9 X 4 9 Lt EAR
10 & RT3 g 10 R R 10 IR
1 t‘rru:ﬁ.-“ﬁﬁ‘ﬁi 1 JIT‘{T‘U‘IWiE IR Tm o nrﬂ ey Eﬁi
12 X X 12 12 % X
13 R h g 13 Rkt 13 R T L T L
130 By Rl 13K MBI oK - HSUEERRE
15 WO~ 15 T KR | TR 5 T 0 R 1 KRR
1 l K 1 : RN R 1 ¢ i
A A A

18 T 18 - 7141 T -TE 1s X g i
20 RiLre - AEETHEET ] AT T £ O AR
51 R AR AR 52 Rl R e 21 mumJErDEL;uE\TgI
22 Frizl 11X Wt 22 22 JuTan TR T eI
By U ) OGO S =N« B4 - NENEHE ENENE N 23 Btz el
B I A ) eyt I - N LK 22 Mo T e 1 1 4T
26 X 26 X 26 X X
> criT It I T iy S R I R T e Rttt T Ty
28 AT T Y S Wl T 28 KT T T
29 K J.TLTLTL L4001 lTlTl 29 ¥ TI X ST LT 29 0l L—ILTLTl flrll_llTlTl
30 KRR RO RORROROR RO DR DRDR KOO K] 30 ORRRDRAR KRR CRORDXCROR RO DR DRORIK 30 HORDKRORD RO RO RORDROR KRR DR DR DR K]

Segmented World

* Q Field after sharing
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Segmented World

 Performance results
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Our results

 We wanted to test the claim:

— ‘Co-operative Q-Learning is better than individual
Q-learning’

e Firstin a segmented world (Ahmadabadi)
« Then in the general case

— Equal experience levels
— Different experience levels




Number of Steps

General Maze World

» Equal experience — single start location
e Sharing DOES NOT improve performance
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Equal Experience

» Before share
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Equal Experience

o After share
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Different Experience

« Performance of less experienced agents

Improved
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Our results

* We wanted to test the claim:
— ‘Co-operative Q-Learning is better than individual
Q-learning’
 First in a segmented world (Ahmadabadi)¥
« Then in the general case

— Same expertness X
— Different expertness M but...

Dynamic Environments

 How does a dynamic environment affect the
performance of co-operative Q-learning?

» ‘General’ case:
— Simple maze, single goal
— Obstacles disappear and reappear at random with a
given probability
— Very little change in performance
 Why?
— Q-learning in general very good at local repair




Contrived Case

* Doorways alternate between agents
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Contrived Case

* Now co-operative Q learning fails:
— After individual learning
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Contrived Case

* Now co-operative Q learning fails:
— After sharing Q values
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Discounted Expertness

* |dea: more recent experiences are most
valuable

 Discounted Expertness: discount
expertness as time progresses

» Expertness due to experiences in the past
becomes less and less valuable




Expertness Discounting
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» Co-operative Q-learning is only useful for:
— Highly segmented worlds
— Very different experience levels

« Simpler approaches could be just as effective

* Q learning in general very effective in dynamic
worlds

« Co-operation can be made to fail in artificially
contrived dynamic worlds
— Expertness discounting is useful in these cases

» Applicability of expertness to maze worlds?




Appendix

Dynamic Environments

e ‘Doors’ scenario
— 3 Agents, 1 Goal

— Agents need to pass through doorways to get
to goal

— Each agents learns with a different doorway
open

— Agents 1 and 2 have found optimal paths
which no longer exist

— What happens when the Q-tables are shared?




Doors Scenario

e At end of individual trials
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 After sharing Q
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Dynamic Environments

» Co-operative Q-learning works ok!
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Dynamic Environments

« Discounting helps a tiny bit
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Expertness Discounting

* This solves the problem:
— After sharing with expertness discounting
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Segmented World

« Co-operation does significantly increase
performance for state specialisation
— Is this obvious?

 Why not just take the most expert agent’'s
Q values?

— Test showed this is just as good

* But now Q tables homogeneous
— So continue with Ahmadabadi algorithm...




