Lecture 4: Q-learning (table)

exploit&exploration and discounted future reward
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Dummy Q-learning algorithm

For each s, a initialize table entry Q(s,a) + 0
Observe current state s
Do forever:

e Select an action a and execute it

e Receive immediate reward r

e Observe the new state s’

A

e Update the table entry for Q(s, a) as follows:

A

s.a) «—r+ maxO(s.a
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Learning Q (s, a)?

)s.a) «—r+ maxQ(s. d
Qs,) 1+ maxQ(s,a)
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Learning Q(s, a) Table: one success!

¥(s) = argmax Q(s,a)




Exploit VS Exploration
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Exploit VS Exploration
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Exploit (weekday) VS Exploration (weekend)




Exploit VS Exploration:rE-greedy

e=0.1

if rand < e: O
a = random \/ /0/@

else:
a = argmax(Q(s, a)) ﬂ Ob//b
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Exploit VS Exploration:\m E-gsreedy

O

for@in range (1000)
e =0.1/(i+1)
if random(1) < e:_l

a = random

else:
a = argmax(Q(s, a))



Exploit VS Exploration: add random noise
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Exploit VS Exploration: add random noise

a = argmax(Q(s, a) + random_values)

e
a= argmax[05 0.6 0.3 02 0.5]+[0.1 0.2 0.7 0.3 0.1])
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Exploit VS Exploration: add random noise

foriin range (1000)
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a argmax(C&(/sﬂ random_values / (i+1))
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Exploit VS Exploration




Dummy Q-learning algorithm

or each s, a initialize table entry Q(s,a) + 0
(ibserve current state s

Do forever: ek

Ve Select an actior@and execute it

e Receive immediate reward r

e Observe the new state s’

A

e Update the table entry for Q(s, a) as follows:

— Q(s,a) « r+ max Q(s',a")

s+ g - )
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Discounted future reward




Learning Q (s, a) with discounted reward

FG\: O"Cf

Q(s,a) + r+oimaxQ(s',a')
"
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Discounted future reward

* Future reward R=ri+r+r3+ -+ r,

Rt = 1 +Tt+1 +Tt+2 + -4 ™

e Discounted future reward (environment is stochastic)
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* A good strategy for an agent would be to always choose

an action that maximizes the (discounted) future
reward
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Learning Q (s, a) with discounted reward

ﬁé)(s, a) < r+ ’yma;;LXQ(s', a'ﬂ
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Discounted reward 7 = 0.9)




Q-learning algorithm

A

For each s, a initialize table entry Q(s,a) <+ 0
Observe current state s
Do forever:

e Select an action a and execute it [ EBE

e Receive immediate reward r

e Observe the new state s’

A

e Update the table entry for (s, a) as follows:
Q(s,a) « r +Hy 18X Q(s',a')
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Q-Table Policy 77(s) = argmax Q(s,a)

/

(3) quality (reward)
for the given action

(1) state, s R

(eg, LEFT: 0.5, RIGHT 0.1

(2) action, a UP: 0.0, DOWN: 0‘8)




Convergence

A
() denote learner’s current approximation to@

wQ(s,a) —r wmaxQ(s a')

() converges to ().
® |n deterministic worlds

® |n finite states

——
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