Discount factor influence to policy estimation analysis
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We have:
> an unknown grid world of unknown size and structure

> robot/agents moves in unknown directions with unknown parameters

> a few episodes the robot tried

85



Discount factor influence to policy estimation analysis
J. Kostliva, Z. Straka, P. Svarny
We have:

> an unknown grid world of unknown size and structure

> robot/agents moves in unknown directions with unknown parameters

> a few episodes the robot tried

Today:
> We will compute the optimal policy
> Use different v settings

» Study the boundary values for
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Example |

Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-1) | (B,+,A,-1) | (C,—,D,-1) | (C,+,B,-1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, -, exit, 6) (C,+,B,-1)

(B,+,A,—1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’, r)
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Compute policy with

| 4 ’y:l

> estimate v which changes the policy computed for v =1
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Example |, v =1

each field in the table is an n-tuple (s, a,s’, r)

Estimate optimal policy:
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Episode 1 Episode 2 Episode 3 Episode 4 [A]B]C]D]
(B,—,C,-1) | (B,+,A,-1) | (C,—,D,-1) | (C,+,B,-1) S={AB,C,D}
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1) A={-,+}

(D, +, exit, 6) (C,+,B,-1) r({B,C}) = —1, r(A) =
(B, A —1) c|B,— B,
(A, +, exit, 10) ED c, —>3 = pEB|C %

v



Example |, v =1

each field in the table is an n-tuple (s, a,s’, r)

Estimate optimal policy:

A: m(B) =
B: m

D: =«

Let's find out

(B)
C: m(B)=—
(B) =—

)

Episode 1 Episode 2 Episode 3 Episode 4 [A]B]C]D]
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(D, +, exit, 6) (C,+,B,-1) r({B,C}) = —1, r(A) =
(B, A —1) c|B,— B,
(A, +, exit, 10) ED c, —>3 = pEB|C %

v



Example |, v =1

Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-1) | (B,+,A,-1) | (C,—,D,-1) | (C,+,B,-1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, <, exit, 6) (C,+,B,—-1)

(B,+,A,—1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’,r)

Compute:
q(B,+)=-1
B: q(B,+)=5
C q(B, ) =
D: q(B, ) =

[A[B[C[D]
S={A,B,C,D}

A={—=+}

r({B,C}) = —1, r(A) =10, r(D) = 6

CRE
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(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’,r)

Compute:
A:
B:

C: qg(B,«)=B«+«A=10-1=9

D:

(AlB]C]D]
$={A,B,C,D}
A={—,+}

r({B,C}) = —1, r(A) =10, r(D) = 6
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0

q(B,
(B,
q(B,—) =10
q(B,—) =06

o
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(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’, r)

> 1(B) =«
Compute:
A:
B: g(C,—»)=C—-D=6-1=5
C:
D:

[AlB]C[D]
S={A,B,C,D}
A={—,+}

r({B,C}) = —1, r(A) = 10, r(D) = 6
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pDC,—) =p(B|C,+)=1



Example |, v =1

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-1) | (B,+,A,-1) | (C,—,D,-1) | (C,+,B,-1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, <, exit, 6) (C,+,B,-1)

(B,+,A,—1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’,r)
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)
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(B,—~,C,-1) | (B,+,A,-1) | (C,—,D,-1) | (C,+,B,-1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, <, exit, 6) (C,+,B,-1)

(B,+,A,—1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’,r)

> m(B) =«
- q(C,—)=5
Compute:
A:
B:
C:

D: q(C,+)=C+ B+ A=10-1-1=38

(AlB]C[D]
$={A,B,C,D}
A={—,+}

r({B,C}) = —1, r(A) =10, r(D) = 6
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Episode 1 Episode 2 Episode 3 Episode 4
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each field in the table is an n-tuple (s, a,s’,r)

[A[B]C[D]

S={A,B,C,D}

A={—,«}

r({B,C}) = —1, r(A) =10, r(D) = 6

p(C|B,—)=p
p(D|C,—) =p

%

AlB,«)=2/2 =
B|C,+)=1



Example |, v =1

Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-1) | (B,+,A,-1) | (C,—,D,-1) | (C,+,B,-1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, <, exit, 6) (C,+,B,—-1)

(B,+,A,—1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’,r)

Evaluate policy for v = 1:

w
3

o 0
A A A
\—/E\—/
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/\i/\
a0 0

(AlB]C]D]
$={A,B,C,D}
A={—,+}

r({B,C}) = —1, r(A) =10, r(D) = 6

p(C|B,—) = p(A|B,+)=2/2=
p(D|C,—) =p(B|C,+) =1



Example |, v =1

Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-1) | (B,+,A,-1) | (C,—,D,-1) | (C,+,B,-1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, <, exit, 6) (C,+,B,—-1)

(B,+,A,—1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’,r)

Evaluate policy for v = 1:
A: m(B) =+, m(C) =«

B:
C:
D:

(AlB]C]D]
$={A,B,C,D}
A={—,+}

r({B,C}) = —1, r(A) =10, r(D) = 6

p(C|B,—) = p(A|B,+)=2/2=
p(D|C,—) =p(B|C,+) =1
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Example |, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,—1) (B,+,A,—1) (C,—,D,-1) | (C,+,B,-1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, +, exit, 6) (C,+,B,-1)
(B,+,A,—1)

(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’, r)

> for v =1: 7(B) =+, 7(C) =«

[AlB]C[D]
S={A,B,C,D}

A={—,«}

r({B,C}) = —1, r(A) = 10, r(D) = 6

58 ) 2R =y




Example |, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,—1) (B,+,A,—1) (C,—,D,-1) | (C,+,B,-1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, +, exit, 6) (C,+,B,-1)
(B,+,A,—1)

(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’, r)

> for v =1: 7(B)

—.7(C)

=«

[AlB]C[D]
S={A,B,C,D}

A={—,«}

r({B,C})= -1, r(A) =10, r(D) =6

58 ) 2R =y

» Task: determine v which changes the policy computed for v =1



Example |, v =7

Episode 1 Episode 2 Episode 3 Episode 4 [A[B]C[D]
(B,—)7C,—1) (B7<_7A7_1) (C7_>7D7_1) (C7<_787_1) 5:{A7B7 C7D}
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1) A={>,«}
(

(D, <, exit, 6) (g:y ia:B r({B,C}) = —1, r(A) = 10, r(D) = 6
(A, <, exit, 10) Eg B, :g = gﬁglé :)):21/2 =

each field in the table is an n-tuple (s, a,s’, r)

> for v =1: 7(B) =+, 7(C) =«

» Task: determine v which changes the policy computed for v =1
How?

A: try some value and verify

B: compute boundary values

C: guess



Example |, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,—1) (B,+,A,—1) (C,—,D,-1) | (C,+,B,-1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, +, exit, 6) (C,+,B,-1)
(B,+,A,—1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’, r)

> for v =1: 7(B)

—.7(C)

=«

[AlB]C[D]
S={A,B,C,D}

A={—,«}

r({B,C})= -1, r(A) =10, r(D) =6

58 ) 2R =y

» Task: determine v which changes the policy computed for v =1

How?

A:

B: compute boundary values

C:



Example |, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-1) | (B,+,A-1) | (C,—,D,-1) | (C,+,B,-1)
(C,—,D,-1) | (A,—,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, , exit, 6) (C,+,B,-1)
(B,+,A,-1)

(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’, r)

> for vy =1: 7(B) =+, 7(C) =«

> Task: determine « which changes the policy computed for v =1

Can the policy in state B be changed?

A: Yes
B: No

[A[B]C[D]
S={AB,C,D}
A={—-,«}

r({B,C}) = —1, r(A) =10, r(D) = 6

p(C|B,—) = p(A|B,+)=2/2=
p(D|C,—)=p(B|C,+) =1



Example |, v =7

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-1) | (B,+,A-1) | (C,—,D,-1) | (C,+,B,-1)
(C,—,D,-1) | (A,—,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, , exit, 6) (C,+,B,-1)

(B,+,A,-1)
(A, <, exit, 10)

each field in the table is an n-tuple (s, a,s’, r)

> for vy =1: 7(B) =+, 7(C) =«

> Task: determine « which changes the policy computed for v =1

Can the policy in state B be changed?

A: Yes
B: No

Let's find out :-)

[A[B]C[D]
S={AB,C,D}
A={—-,«}

r({B,C}) = —1, r(A) =10, r(D) = 6

p(C|B,—) = p(A|B,+)=2/2=
p(D|C,—)=p(B|C,+) =1



Example |, v =7

Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-1) | (B,+,A,-1) | (C,—,D,-1) | (C,+,B,-1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, <, exit, 6) (C,+,B,-1)

(B,+,A,—1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’,r)

> for v =1: 7(B) =+, 7(C) =«

(AlB]C[D]
$={A,B,C,D}
A={—,+}

r({B,C}) = —1, r(A) =10, r(D) = 6

p(C|B,—) = p(A|B,+)=2/2 =
p(D|C,—) =p(B|C,+) =1

» Task: determine « which changes the policy computed for v =1

Can the policy in state B be changed?



Example |, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-1) (B,+,A,-1) | (C,—,D,-1) | (C,+,B,—1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, <, exit, 6) (C,+,B,-1)
(B,+,A,—1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’,r)

> for v =1: 7(B) =+, 7(C) =«

(AlB]C[D]
$={A,B,C,D}

A={—,+}

r({B,C}) = —1, r(A) = 10, r(D) = 6

A AL

» Task: determine « which changes the policy computed for v =1

Can the policy in state B be changed?

Compute:
A: V(B
B V/(
C: V(B
D: V(B

argmax, Y, 7- V(s'). ' € {A, C}

r(B) + V(D)

) =2y P(s'|B,a){V(s)},s" € {A C}
B) = max,(r(B) + v - V(s')),s € {A, C}

) =

)



Example |, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-1) (B,+,A,-1) | (C,—,D,-1) | (C,+,B,—1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, <, exit, 6) (C,+,B,-1)
(B,+,A,—1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’,r)

> for v =1: 7(B) =+, 7(C) =«

(AlB]C[D]
$={A,B,C,D}
A={—,+}

r({B,C}) = —1, r(A) =10, r(D) = 6

p(C|B,—) = p(A|B,+)=2/2=
p(D|C,—) =p(B|C,+) =1

» Task: determine « which changes the policy computed for v =1

Can the policy in state B be changed?

Compute:
A:

B: V(B) = max,(r(B) + - V(s')),s € {A C}

C:
D:



Example |, v =7

Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-1) | (B,+,A,-1) | (C,—,D,-1) | (C,+,B,-1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, <, exit, 6) (C,+,B,-1)

(B,+,A,—1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’,r)

> for v =1: 7(B) =+, 7(C) =«

» Task: determine « which changes the policy computed for v =1

Can the policy in state B be changed?

Compute:
A:

B: V(B) = max,(r(B) + - V(s')),s € {A C}

C:
D:

= depends on V/(A), V(C)

(AlB]C[D]
$={A,B,C,D}
A={—,+}

r({B,C}) = —1, r(A) =10, r(D) = 6

p(C|B,—) = p(A|B,+)=2/2 =
p(D|C,—) =p(B|C,+) =1



Example |, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(Bv_>7C7_1) (B7<_3A7_1) (C7_>7D7_1) (C7<_7B7_1)
(C,—,D,-1) | (A —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, +, exit, 6) (C,+,B,-1)
(B,+,A,—-1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’, r)

> forv=1: 7(B)

> Task: determine « which changes the policy computed for v =1

=, m(C)

=<

Can the policy in state B be changed?

Determine:

A V(A) < V(C)

B: V(A) =

v(C)

C: V(A) > V(C)

[A]B]

D]

S=1{A,B,C,D}

A={—-,«}
r({B,C}) =

p(C|B,—)=p
p(D|C,—) =p

§

-1, r(A) =

AlB,
B|C,

 r(D
): 2/2
):

)=



Example |, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-1) (B,+,A,-1) | (C,—,D,-1) | (C,+,B,—1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, <, exit, 6) (C,+,B,-1)
(B,+,A,—1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’,r)

> for v =1: 7(B) =+, 7(C) =«

» Task: determine « which changes the policy computed for v =1

Can the policy in state B be changed?

Determine:
A:
B:

C: V(A) > V(C); V(A) =10, V(C) < 10

(AlB]C[D]
$={A,B,C,D}
A={—,+}

r({B,C}) = —1, r(A) =10, r(D) = 6

p(C|B,—) = p(A|B,+)=2/2=
p(D|C,—) =p(B|C,+) =1



Example |, v =7

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-1) | (B,+,A,-1) | (C,—,D,-1) | (C,+,B,-1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, <, exit, 6) (C,+,B,-1)

(B,+,A,—1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’,r)

> for v =1: 7(B) =+, 7(C) =«

» Task: determine « which changes the policy computed for v =1

Can the policy in state B be changed?

Determine:
A:
B:

C: V(A) > V(C); V(A) =10, V(C) < 10

= w(B) =«
V(B)=r(B)+v-V(A) =

—1+4 10y

(AlB]C[D]
$={A,B,C,D}
A={—,+}

r({B,C}) = —1, r(A) =10, r(D) = 6

p(C|B,—) = p(A|B,+)=2/2=
p(D|C,—) =p(B|C,+) =1



Example |, v =7

Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-1) | (B,+,A,-1) | (C,—,D,-1) | (C,+,B,-1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, <, exit, 6) (C,+,B,-1)

(B,+,A,—1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’,r)

> for v =1: 7(B) =+, 7(C) =«

(AlB]C[D]
$={A,B,C,D}
A={—,+}

r({B,C}) = —1, r(A) =10, r(D) = 6

p(C|B,—) = p(A|B,+)=2/2 =
p(D|C,—) =p(B|C,+) =1

» Task: determine « which changes the policy computed for v =1

State B: m(B) =+, V(B) = —1 + 10y



Example |, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-1) (B,+,A,-1) | (C,—,D,-1) | (C,+,B,—1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, <, exit, 6) (C,+,B,-1)
(B,+,A,—1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’,r)

> for v =1: 7(B) =+, 7(C) =«

(AlB]C[D]
$={A,B,C,D}
A={—,+}

r({B,C}) = —1, r(A) =10, r(D) = 6

p(C|B,—) = p(A|B,+)=2/2 =
p(D|C,—) =p(B|C,+) =1

» Task: determine « which changes the policy computed for v =1

State B: 7(B) =+, V(B) = =1+ 10y
= Policy in state C has to be changed.



Example |, v =7

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-1) | (B,+,A,-1) | (C,—,D,-1) | (C,+,B,-1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, <, exit, 6) (C,+,B,-1)

(B,+,A,—1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’,r)

> for v =1: 7(B) =+, 7(C) =«
» Task: determine « which changes the policy computed for v =1

State B: 7(B) =+, V(B) = =1+ 10y
= Policy in state C has to be changed.

How?

A: q(C,—) > q(C,+)

B: V(C)> V(B)
C:
D: r(C) > r(B)

7w(C) > m(B)

(AlB]C[D]
$={A,B,C,D}
A={—,+}

r({B,C}) = —1, r(A) =10, r(D) = 6

p(C|B,—) = p(A|B,+)=2/2=
p(D|C,—) =p(B|C,+) =1



Example |, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-1) (B,+,A,-1) | (C,—,D,-1) | (C,+,B,—1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, <, exit, 6) (C,+,B,-1)
(B,+,A,—1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’,r)

> for v =1: 7(B) =+, 7(C) =«

(AlB]C[D]
$={A,B,C,D}
A={—,+}

r({B,C}) = —1, r(A) =10, r(D) = 6

p(C|B,—) = p(A|B,+)=2/2=
p(D|C,—) =p(B|C,+) =1

» Task: determine « which changes the policy computed for v =1

State B: 7(B) =+, V(B) = =1+ 10y
= Policy in state C has to be changed.

How?

A: q(C,—) > q(C,+)

B:
C:
D:

30



Example |, v =7

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-1) | (B,+,A,-1) | (C,—,D,-1) | (C,+,B,-1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, <, exit, 6) (C,+,B,-1)

(B,+,A,—1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’,r)

> for vy =1: 1(B) =, 7(C) =«
» Task: determine v which changes the policy computed for v =1

State B: w(B) =<, V(B) = -1 + 10y
= Policy in state C has to be changed.

Compute:

A: g(C,—=)=r(C)+ V(D)

B: q(C,—
C: q(C,—
D: g(C,—

(AlB]C[D]
$={A,B,C,D}
A={—,+}

r({B,C}) = —1, r(A) =10, r(D) = 6

p(C|B,—) = p(A|B,+)=2/2=
p(D|C,—) =p(B|C,+) =1

31



Example |, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-1) (B,+,A,-1) | (C,—,D,-1) | (C,+,B,—1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, <, exit, 6) (C,+,B,-1)
(B,+,A,—1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’,r)

> for vy =1: 1(B) =, 7(C) =«
» Task: determine v which changes the policy computed for v =1

State B: w(B) =<, V(B) = -1 + 10y
= Policy in state C has to be changed.

Compute:
A:

O 0w

(€, =) =r(C)+~- V(D)

=—-1+4+6v

(AlB]C[D]
$={A,B,C,D}
A={—,+}

r({B,C}) = —1, r(A) =10, r(D) = 6

p(C|B,—) = p(A|B,+)=2/2=
p(D|C,—) =p(B|C,+) =1

32



Example |, v =7
Episode 1 Episode 2 Episode 3 Episode 4 l A l B l c l D ‘

(Bv_>7 C7_1) (B7<_7A7_1) (C7_>>D7_1) (C7<_7B7_1) 5:{A7B7C7D}

(Ca_>7Da_1) (A7_>7€Xit7 10) (D7_>7eXit7 6) (Bv—>7 Ca_l) A= {—)7<—}

(D, 4, exit,6) ((g’:’i’j; r({B, C}) = —1, r(A) = 10, (D) = 6

: p(C|B,—) = p(A|B,+)=2/2=
(A et 10) | AAEIE I AEIE 2]

each field in the table is an n-tuple (s, a,s’,r)
> for vy =1: 1(B) =, 7(C) =«
» Task: determine v which changes the policy computed for v =1

State B: w(B) =<, V(B) = -1 + 10y

= Policy in state C has to be changed.
- q(C,—=)=-1+6v

Compute

A: q(C,+)=r(C)+ V(D)

B: q(C,«<—)=r(C)+~-V(B)

C 4(C.) = H(C) 47 V(D)

D: q(C,+)=r(C)+ V(B) 33



Example |, v =7

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-1) | (B,+,A,-1) | (C,—,D,-1) | (C,+,B,-1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, <, exit, 6) (C,+,B,-1)

(B,+,A,—1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’,r)

> for vy =1: 1(B) =, 7(C) =«
» Task: determine v which changes the policy computed for v =1
State B: w(B) =<, V(B) = -1 + 10y
= Policy in state C has to be changed.
- q(C,—=)=-1+6v

Compute:
A:

B: q(C,«<—)=r(C)+~-V(B)

C:
D:

=—-1+~(-1+107)

(AlB]C[D]
$={A,B,C,D}
A={—,+}

r({B,C}) = —1, r(A) =10, r(D) = 6

p(C|B,—) = p(A|B,+)=2/2=
p(D|C,—) =p(B|C,+) =1

34



Example |, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-1) (B,+,A,-1) | (C,—,D,-1) | (C,+,B,—1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, <, exit, 6) (C,+,B,-1)
(B,+,A,—1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’,r)

> for vy =1: 7(B) =+, 7(C) =«

(AlB]C[D]
$={A,B,C,D}
A={—,+}

r({B,C}) = —1, r(A) =10, r(D) = 6

p(C|B,—) = p(A|B,+)=2/2 =
p(D|C,—) =p(B|C,+) =1

» Task: determine v which changes the policy computed for v =1

State B: w(B) =<, V(B) = -1 + 10y
= Policy in state C has to be changed.

- q(C ) =-1+79(-1+107)

To change the policy, we need:
q(C,—=) > q(C, <)

35



Example |, v =7
Episode 1 Episode 2 Episode 3 Episode 4 l A l B l c l D ‘
(B,—,C,-1) (B,+,A,—1) (C,—,D,-1) | (C,+,B,-1) S={AB,C,D}
(C,—, D,'—l) (A, —, exit,10) | (D, —,exit,6) | (B,—,C,—1) A={—+}
(D, - exit, 6) ((gi:i :B H({B,C}) = —1, r(A) = 10, r(D) = 6
(A, <, exit, 10) ng ’g: :g = pgglﬁt))z%ﬂ =

p =p

each field in the table is an n-tuple (s, a,s’,r)
> for vy =1: 7(B) =+, 7(C) =«
> Task: determine « which changes the policy computed for v =1

q(C,=) > q(C «)

36



Example |, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-1) (B,+,A,-1) | (C,—,D,-1) | (C,+,B,—1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, <, exit, 6) (C,+,B,-1)
(B,+,A,—1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’,r)

> for v =1: 7(B) =+, 7(C) =«

(AlB]C[D]
$={A,B,C,D}
A={—,+}

r({B,C}) = —1, r(A) =10, r(D) = 6

p(C|B,—) = p(A|B,+)=2/2 =
p(D|C,—) =p(B|C,+) =1

> Task: determine « which changes the policy computed for v =1

q(C,—) > q(C,«)
—1467y > —-1+~(-1+10v)

36 /85



Example |, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-1) | (B,+,A,-1) | (C,—,D,-1) | (C,+,B,-1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, <, exit, 6) (C,+,B,-1)
(B,+,A,—1)

(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’,r)

> for v =1: 7(B) =+, 7(C) =«

(AlB]C[D]
$={A,B,C,D}
A={—,+}

r({B,C}) = —1, r(A) =10, r(D) = 6

p(C|B,—) = p(A|B,+)=2/2=
p(D|C,—) =p(B|C,+) =1

> Task: determine « which changes the policy computed for v =1

q(C,—) > q(C,«)
—1467y > —-1+~(-1+10v)
—14+6y > —1—~v+1092

36 /85



Example |, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-1) (B,+,A,-1) | (C,—,D,-1) | (C,+,B,—1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, <, exit, 6) (C,+,B,-1)
(B,+,A,—1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’,r)

> for v =1: 7(B) =+, 7(C) =«

(AlB]C[D]
$={A,B,C,D}
A={—,+}

r({B,C}) = —1, r(A) =10, r(D) = 6

p(C|B,—) = p(A|B,+)=2/2=
p(D|C,—) =p(B|C,+) =1

> Task: determine « which changes the policy computed for v =1

q(C,—) > q(C,«)

—1467y > —-1+~(-1+10v)
—14+6y > —1—~v+1092
7vy—10v2 > 0

36 /85



Example |, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-1) (B,+,A,-1) | (C,—,D,-1) | (C,+,B,—1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, <, exit, 6) (C,+,B,-1)
(B,+,A,—1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’,r)

> for v =1: 7(B) =+, 7(C) =«

(AlB]C[D]
$={A,B,C,D}
A={—,+}

r({B,C}) = —1, r(A) =10, r(D) = 6

p(C|B,—) = p(A|B,+)=2/2=
p(D|C,—) =p(B|C,+) =1

> Task: determine « which changes the policy computed for v =1

a(C.—) > q(C,<)
—1467y > —-1+~(-1+10v)
—14+6y > —1—~v+1092
7vy—10v2 > 0

=711 =0,7%2=07

36 /85



Example |, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-1) (B,+,A,-1) | (C,—,D,-1) | (C,+,B,—1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, <, exit, 6) (C,+,B,-1)
(B,+,A,—1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’,r)

> for v =1: 7(B) =+, 7(C) =«

(AlB]C[D]
$={A,B,C,D}
A={—,+}

r({B,C}) = —1, r(A) =10, r(D) = 6

p(C|B,—) = p(A|B,+)=2/2=
p(D|C,—) =p(B|C,+) =1

> Task: determine « which changes the policy computed for v =1

q(C,—) >
—-14+6y >
—-14+6y >
7y — 102 >

q(C, <)

—1+~(-1+10y)

—1— 7+ 102

0

=M :07'72 =07
= 7(B) =¢,7m(C) =¢; for v €]0.7,1]
m(B) =<, m(C) =—; for v €]0,0.7[
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Example |

v=0
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Example |, v =10
Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-1) | (B,+,A-1) | (C,—,D,-1) | (C,+,B,-1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, , exit, 6) (C,+,B,-1)
(B,+,A,-1)
(A, <, exit, 10)

each field in the table is an n-tuple (s, a,s’, r)

<
<

[A[B[C][D]

S={AB,C,D}
A={—,+}

r({B,C})=-1, r(A) =

p(C|B,—) = p(A|B, +
p(D B|C,+

C,—)=p

38



Example |, v =10

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-1) | (B,+,A-1) | (C,—,D,-1) | (C,+,B,-1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, , exit, 6) (C,+,B,-1)

(B,+,A,-1)
(A, <, exit, 10)

each field in the table is an n-tuple (s, a,s’, r)

For v =0:
Compute:
A:
B:

C: V(B)=r(B)+vymax, V(s') = -1+ 0= —

D:

1

(A[B]C]D]
S={AB,C,D}
A={—,+}

r({B,C}) = —1, r(A) = 10, r(D) =

p(C|B,—) = p(A|B,+) =
p(D|C,—)=p(B|C,+) =1

39/85



Example |, v =10
Episode 1 Episode 2 Episode 3 Episode 4 l A l B l C l D ‘

(B,—,C,-1) | (B,+,A,-1) | (C,—,D,-1) | (C,+,B,-1) S={AB,C,D}

(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1) A={—+}

(D, <, exit, 6) (C,¢,B,~-1) _ _ _
(B, A —1) r({B,C}) = -1, r|’(A)—)10, ;(D)—6

- p(C|B, =) = p(A|B, <) = 2/2 =

(a0 fglE )= ) =2

each field in the table is an n-tuple (s, a,s’, r)

For v =0:
-V(B)=-1

Compute:

O 0w
X XX
22208

I

|

R

for {«+, —}

40



Example |, v =10

Episode 1 Episode 2 Episode 3 Episode 4 l A l B l C l D ‘
(B7_>7 Cv_]-) (8797’47_1) (C7_>,D7_1) (C7<_7B7_1) SZ{AvaCvD}
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1) A={—+}
D, «+, exit,6 C,«,B,—1
(D, = exit,) 500 | e =L =10, 10) =6
L p(C|B, —) = p(A|B, :/27
(A, +, exit, 10) ED c _}; — pEBlC )) —

each field in the table is an n-tuple (s, a,s’, r)

For v =0:
- V(B) = -1 for {+,—}
Compute:
A:
B:
C: V(C)=r(C)+ymax, V(s')=—-1+0=—-1
D:

41



Example |, v =10

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,—-1) | (B,+,A-1) | (C,—,D,-1) | (C,+,B,-1)
(C,—,D,-1) | (A, —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, -, exit, 6) (C,+,B,-1)

(B,+,A,-1)

(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’, r)

For v =0:
- V(B) = -1 for {+,—}
- V(C) = -1 for {+,—}

[A[B[C[D]
S={AB,C,D}
A={—,+}

r({B C}) = -1, r(A) =10, r(D) = 6
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Example |, v =10
Episode 1 Episode 2 Episode 3 Episode 4 l A l B l c l D ‘
(Bv—>7C7_1) (Bv<_7A7_1) (C7_>,D7_1) (C7<_787_1) SZ{Ava CvD}
(C,—, D,'—l) (A, —, exit,10) | (D,—,exit,6) | (B,—,C,—1) A={—+}
(D, ¢, exit, 6) ((g’ :i’ _B r({B,C}) = —1, r(A) = 10, r(D) = 6
p(C|B,—) = p(A|B,+) =2/2 =
(A, +, exit, 10) ED c _}; ZEB” (_))_ 1/

each field in the table is an n-tuple (s, a,s’, r)

For v =0:
- V(B)=
- V(C) = -1 for {+,—}

—1 for {+,—}

= 7(B) =
m(C) = {, =}

{1}

42



Example |

summary
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Example |, summary

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-1) | (B,+,A-1) | (C,—,D,-1) | (C,«+,B,-1)
(C,—,D,-1) | (A —,exit,10) | (D,—,exit,6) | (B,—,C,—1)
(D, -, exit, 6) (C,«,B,-1)

(B,+,A,-1)
(A, +, exit, 10)

each field in the table is an n-tuple (s, a,s’, r)

For v =1:

For v €]0.7, 1]:

For v €]0,0.7[:

For v =0:

(A]B]C

[D]

S={A,B,C,D}

A={—-,«}
r({B,C}) =

CBH—p
D|C,—)=p

E

1, r(A) =

A|B,
B|C,+
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Example I

Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-3) | (B,+,A,-1) | (C,—,D,-3) | (C,+,B,-1)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, -, exit, 6) (C,+,B,-1)

(B,+,A,—1)
(A, <, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

46
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Example I

Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-3) | (B,+,A,-1) | (C,—,D,-3) | (C,+,B,-1)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, -, exit, 6) (C,+,B,-1)

(B,+,A,—1)
(A, <, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

Compute policy with

| 4 ’y:l

> estimate 7y that changes the policy for vy =1




Example I

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1) | (C,—,D,-3) | (C,+,B,—-1)
(C,—,D,-3) | (A —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, -, exit, 6) (C,¢,B,-1)

(B,+,A,—-1)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)



Example I

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1) | (C,—,D,-3) | (C,+,B,—-1)
(C,—,D,-3) | (A —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, -, exit, 6) (C,¢,B,-1)

(B,+,A,—-1)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

State set:




Example I

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1) | (C,—,D,-3) | (C,+,B,—-1)
(C,—,D,-3) | (A —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, -, exit, 6) (C,¢,B,-1)

(B,+,A,—-1)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

State set: S = {A, B, C, D}, terminal states: {A, D}, non-terminal states: {B, C}




Example I

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1) | (C,—,D,-3) | (C,+,B,—-1)
(C,—,D,-3) | (A —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, -, exit, 6) (C,¢,B,-1)

(B,+,A,—-1)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

State set: S = {A, B, C, D}, terminal states: {A, D}, non-terminal states: {B, C}

Action set:



Example I

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1) | (C,—,D,-3) | (C,+,B,—-1)
(C,—,D,-3) | (A —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, -, exit, 6) (C,¢,B,-1)

(B,+,A,—-1)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

State set: S = {A, B, C, D}, terminal states: {A, D}, non-terminal states: {B, C}

Action set: A= {—,+}



Example I

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1) | (C,—,D,-3) | (C,+,B,—-1)
(C,—,D,-3) | (A —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, -, exit, 6) (C,¢,B,-1)

(B,+,A,—-1)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

State set: S = {A, B, C, D}, terminal states: {A, D}, non-terminal states: {B, C}

Action set: A= {—,+}

Reward function:



Example I

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1) | (C,—,D,-3) | (C,+,B,—-1)
(C,—,D,-3) | (A —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, -, exit, 6) (C,¢,B,-1)

(B,+,A,—-1)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

State set: S = {A, B, C, D}, terminal states: {A, D}, non-terminal states: {B, C}

Action set: A= {—,+}

Reward function: r({B, C}, <)

=1, r({B,C},—) = -3, r({A,D}) = 6

47



Example I

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1) | (C,—,D,-3) | (C,+,B,—-1)
(C,—,D,-3) | (A —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, -, exit, 6) (C,¢,B,-1)

(B,+,A,—-1)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

State set: S = {A, B, C, D}, terminal states: {A, D}, non-terminal states: {B, C}

Action set: A= {—,+}

Reward function: r({B, C}, <)

Transition model:

=1, r({B,C},—) = -3, r({A,D}) = 6

47



Example I

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1) | (C,—,D,-3) | (C,+,B,—-1)
(C,—,D,-3) | (A —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, -, exit, 6) (C,¢,B,-1)

(B,+,A,—-1)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

State set: S = {A, B, C, D}, terminal states: {A, D}, non-terminal states: {B, C}
Action set: A= {—,+}

Reward function: r({B, C},«) = —1, r({B,C},—) = -3, r({A,D}) =6
Transition model: p(C|B,—) = p(A|B,+) = p(D|C,—) = p(B|C,+)=2/2=1



Example I

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1) | (C,—,D,-3) | (C,+,B,—-1)
(C,—,D,-3) | (A —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, -, exit, 6) (C,¢,B,-1)

(B,+,A,—-1)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

State set: S = {A, B, C, D}, terminal states: {A, D}, non-terminal states: {B, C}

Action set: A= {—,+}

Reward function: r({B, C},«) = —1, r({B,C},—) = -3, r({A,D}) =6
Transition model: p(C|B,—) = p(A|B,+) = p(D|C,—) = p(B|C,+)=2/2=1

World structure:

47



Example I

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1) | (C,—,D,-3) | (C,+,B,—-1)
(C,—,D,-3) | (A —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, -, exit, 6) (C,¢,B,-1)

(B,+,A,—-1)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

State set: S = {A, B, C, D}, terminal states: {A, D}, non-terminal states: {B, C}

Action set: A= {—,+}

Reward function: r({B, C},«) = —1, r({B,C},—) = -3, r({A,D}) =6

,4)
Transition model: p(C|B,—) =p
World structure:’ A \ B \ C \

A
D

( |77(*) =p(D|C, =) =p(B|C, ) =2/2=1

47



Example Il

v=1
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Example I, v =1

Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-3) | (B,+,A,-1) | (C,—,D,-3) | (C,+,B,-1)
(C,—,D,=3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, <, exit, 6) (C,+,B,-1)

(B,+,A,—1)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

Estimate optimal policy:

A: m(B) =, n(C

B) =«

(
w(B) =
™(B)

=,

)
)
)
)

“
5
-
R

m(C
7(C
(C

[A[B[C[D]
S={AB,C,D}
A={—,+}

r({B, C},<—g _: -1, r{A,D}) =

r({B, C},—

R

2/2=
2/
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Example I, v =1

Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-3) | (B,+,A,-1) | (C,—,D,-3) | (C,+,B,-1)
(C,—,D,=3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, <, exit, 6) (C,+,B,-1)

(B,+,A,—1)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

Estimate optimal policy:

A: 7(B) =, 7(C) =«
B: 7(B) =, 7(C) =
C: 7(B) = 7(C) =
D: #(B) —>7r(C) =—

Let’s find out

)

[A]B

[C[D]

S={AB,C,D}
A={-,

r({B,C}, +
r({B,C},—

Bl

p(C|B,—
C—>

<}

J=BEE S

g_: -1, r{A,D}) =

=2/2 =
=2
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Example I, v =1

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1)| (C,—,D,-3) | (C,+,B,-1)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, , exit, 6) (C,+,B,-1)

(B,+,A,—1)
(A, + ex:t,6)

each field in the table is an n-tuple (s, a,s’, r)

Compute:

q(B, ) =

.U.U

q(B,+) =
q(B, ) =
q(

QO

-1

B,«<)=6

(A[B[C]D]
S={A,B,C,D}
A={—-,+}
r({B,C},«) =
r({B,C}, =) =~

A58 )=58 )=

~L r(ADY) =
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Example I, v =1

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1)| (C,—,D,-3) | (C,+,B,-1)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, , exit, 6) (C,+,B,-1)

(B,+,A,—1)
(A, + ex:t,6)

each field in the table is an n-tuple (s, a,s’, r)

Compute:

A:

B: q(B,+) =

C:
D:

B+ A=6-1=5

(AlB]C[D]
S={A,B,C,D}
A={—-,+}
r({B,C},«) =
r({B,C},—) = —

A5)= 50
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Example I, v =1

Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-3) | (B,+,A,-1) | (C,—,D,-3) | (C,+,B,-1)
(C,—,D,-3) | (A —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, <, exit, 6) (C,+,B,-1)

(B,+,A,—1)
(A, <, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

O
)

(AlB[C[D]
S={A,B,C,D}
A={—,+}
r({B,C}t«) =
r({B,C},—=)=—
A=A )1

—1 r({A,D}) =



Example I, v =1

Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-3) | (B,+,A,-1) | (C,—,D,-3) | (C,+,B,-1)
(C,—,D,-3) | (A —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, <, exit, 6) (C,+,B,-1)

(B,+,A,—1)
(A, <, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

- q(B, )
Compute:
A:
B:

C: q(B,—) =

D:

=5

B—+C+B+A=6-3-1-1=1

(AlB[C[D]
S={A,B,C,D}
A={—,+}
r({B,C}t«) =
r({B,C},—=)=—
A=A )1

—1 r({A,D}) =

53



Example I, v =1

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1)| (C,—,D,-3) | (C,+,B,—-1)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, , exit, 6) (C,+,B,-1)

(B,+,A, —-1)
(A, <, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

- q(B,+)=5
- q(B, =) =1
Compute:
A: 7(B) =«
B: m(B) =—

[A[B]C]D

|

S={A,B,C,D}
A={—-,«}



Example I, v =1

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1)| (C,—,D,-3) | (C,+,B,—-1)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, , exit, 6) (C,+,B,-1)

(B,+,A, —-1)
(A, <, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

- q(B,+)=5
- q(B, =) =1
Compute:
A: 7(B) =«

B:

[A[B]C]D

|

S={A,B,C,D}
A={—-,«}



Example I, v =1

Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-3) | (B,«+,A,-1) | (C,—,D,-3) | (C,+,B,-1)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, -, exit, 6) (C,+,B,-1)

(B,+,A,—1)
(A, <, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

%
Q

[A[B[C[D]
S={A,B,C,D}
A={—-,+}

C|B,—
toIe: 2

56



Example I, v =1

Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-3) | (B,«+,A,-1) | (C,—,D,-3) | (C,+,B,-1)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, -, exit, 6) (C,+,B,-1)

(B,+,A,—1)
(A, <, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

Cq(C,—»)=C—>D=6-3=3

D:

(A[B]C]D

|

S ={A,B,C,D}
A={—-,+}

57
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Example I, v =1

Episode 1 Episode 2 Episode 3

(B7*>5Ca 73) (Bv<77A771) (C5H7D573)
(C,—,D,—3) | (A —, exit,6) | (D, exit,6)
(D, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

> m(B) =«

(AlB]C[D]
S={A,B,C,D}
A={—,«}
r({B,C}t«+) =
r({B,C},—) =—

258258 )=

—1 r({A,D}) =



Example I, v =1

Episode 1 Episode 2 Episode 3 Episode 4 l A ‘ B ‘ ¢ ‘ D ‘
(B7*>5Ca 73) (Bv<77A771) (C5H7D573) (C7<;aB7 1) 5:{A7B’C7 D}
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3) A={=«}
(D,(—,exit,6) (C,(—,B,—l) r({37 C}7<_) = _1 I’({A, D}) =
(B,(—7A7—]_) r({Bv C}7_>):
i C|B = p(A|B 2/2 =
_ | (A coeit6) | B5E 2= §B'|c 9=7
each field in the table is an n-tuple (s, a,s’, r)
> m(B) =«
- q(C7 %) = 3
Compute:
A:
B:
C:

D: g(C,+)=C+ B+ A=6-1-1=4



Example I, v =1

Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-3) | (B,«+,A,-1) | (C,—,D,-3) | (C,+,B,-1)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, -, exit, 6) (C,+,B,-1)

(B,+,A,—1)
(A, <, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

[A[B]C[D]

S ={A,B,C,D}

A={—-,+}
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Example I, v =1

Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-3) | (B,«+,A,-1) | (C,—,D,-3) | (C,+,B,-1)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, -, exit, 6) (C,+,B,-1)

(B,+,A,—1)
(A, <, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

(A[B]C]D

|

S ={A,B,C,D}
A={—-,+}

61
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Example I, v =1

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1)| (C,—,D,-3) | (C,+,B,-1)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, , exit, 6) (C,+,B,-1)

(B,+,A,—1)
(A, + ex:t,6)

each field in the table is an n-tuple (s, a,s’, r)

Evaluate policy for v = 1:

(A]B]C

[D]

S =1{A,B,C,D}

A={—-,+}
r({B,C},«)
r({B,C},—)

5 2 =3

~L r(ADY) =

62



Example I, v =1

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1)| (C,—,D,-3) | (C,+,B,-1)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, , exit, 6) (C,+,B,-1)

(B,+,A,—1)
(A, + ex:t,6)

each field in the table is an n-tuple (s, a,s’, r)

Evaluate policy for v = 1:

A: m(B)
B:
C:
D:

=+, m(C) =«

(AlB]C[D]
S={A,B,C,D}
A={—-,+}
r({B,C},«) =
r({B,C},—) = —

A5)= 50
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v =?
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Example I, v =7

Episode 1 Episode 2 Episode 3 Episode 4 l A l B l ¢ l D ‘
(B,—,C,—3) | (B,«—A,—1) | (C,—,D,=3) | (C,+,B,—1) 5={AB,C,D}
(C,—,D,—=3) | (A —,exit,6) | (D,—,exit,6) | (B,—, c —3) A={=+}
(D, <, exit, 6) (C,«,B,-1) r({B,C},«) = -1, r({AD}) =
(B,+, A —1) r({B,C}, =) =—
(A, «, exit, 6) PEC g :;3 = P%gh%, <_%::21/2 =

each field in the table is an n-tuple (s, a,s’,r)

> for vy =1: 1(B) =, 7(C) =«

» Task: determine « which changes the policy computed for v =1
Can the policy in state B be changed?

A: Yes

B: No



Example I, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(B,—,C,-3) | (B,+,A-1) | (C,—,D,-3) | (C,+,B,-1)
(C,—,D,-3) | (A —,exit,6) | (D,—,exit,6) | (B,—, C -3)
(D, +, exit, 6) (C,+,B,-1)
(B7 ) 7 1)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’,r)

> for v = 1. n(B)

=+,7(C)

=+

[A]B]

c]D]

S=1{A,B,C,D}

A={—,+}
r({B,C},«) =
r({B,C}, =) =

R R

D|C, —

» Task: determine « which changes the policy computed for v =1

Can the policy in state B be changed?

A: Yes
B: No

Let’s find out

)

. r{AD}) =

65



Example I, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(B7*>5Ca 73) (Bv<77A771) (C5H7D573) (C7<;aB7 1)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, <, exit, 6) (C,+,B,-1)
(Ba<77A7 71)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

> for vy =1: 1(B) =, 7(C) =«
> Task: determine « which changes the policy computed for v =1

Can the policy in state B be changed?

[A[B[C][D]

S=1{A,B,C, D}
A={—,«}
r({B,C}t«+) =
r({Bv C}7 _>) =-3

p(D|C, —

-1, r({A,D}) = 6,

A2} pa =3



Example I, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(B7*>5Ca 73) (Bv<77A771) (C54>7D573) (C7<;aB7 1)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, <, exit, 6) (C,+,B,-1)
(Ba<77A7 71)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

> for v =1 n(B)
> Task: determine « which changes the policy computed for v =1

=+, 7(C)

=

Can the policy in state B be changed?

V(B) =

max,(r(B,a) +~- V(s')),s € {A C})

(AlB]C

[D]

S=1{A,B,C, D}

A={—,«}

r({B, C},+)
r({B,C},—)

—1 r({A,D}) =

258258 )=



Example I, v =7

Episode 1 Episode 2 Episode 3 Episode 4 l A ‘ B ‘ < ‘ D ‘
(B,—,C,—3) | (B,«<,A,—1) | (C,—,D,—-3) | (C,«+,B,—1) 5={AB,C, D}
(C,—,D,=3) | (A —,exit,6) | (D,—,exit,6) | (B,—,C,—3) A={—<«}
(D, +, exit, 6) (C,+,B,—1) r({B,C},«) = —1 r({A,D}) =
(B,+,A 1) r({B,C}, =) =—
(A, «, exit, 6) EC g 332 @IB e% 21/2 =

each field in the table is an n-tuple (s, a,s’, r)

> for vy =1: 1(B) =, 7(C) =«
> Task: determine « which changes the policy computed for v =1

Can the policy in state B be changed?
V(B) = max,(r(B,a)+v-V(s)),s € {A C})
] () B VO )
() r(B,=) +7-V(A)
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Example I, v =7

each field in the table is an n-tuple (s, a,s’, r)

> for vy =1: 1(B) =, 7(C) =«
> Task: determine « which changes the policy computed for v =1

Can the policy in state B be changed?
V(B) = max,(r(B,a)+v-V(s)),s € {A C})
] (2] 180117V
(<) r(B,«=) +7-V(A)
r(B,<) +v- V(A) since V(A)> V(C)& r(B,«) > r(B,—)

Episode 1 Episode 2 Episode 3 Episode 4 l A ‘ B ‘ < ‘ D ‘
(B,—,C,—3) | (B,«<,A,—1) | (C,—,D,—-3) | (C,«+,B,—1) 5={AB,C, D}
(C,—,D,=3) | (A —,exit,6) | (D,—,exit,6) | (B,—,C,—3) A={—<«}
(D, +, exit, 6) (C,+,B,—1) r({B,C},«) = —1 r({A,D}) =
(B,+,A 1) r({B,C}, =) =—
(A, «, exit, 6) EC g 332 @IB e% 21/2 =

66



Example I, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(B7*>5Ca 73) (Bv<77A771) (C5H7D573) (C7<;aB7 1)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, <, exit, 6) (C,+,B,-1)
(Ba<77A7 71)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

> for vy =1: 1(B) =, 7(C) =«
> Task: determine « which changes the policy computed for v =1

Can the policy in state B be changed?
V(B) max,(r(B,a) +~- V(s')),s € {A C})
] (2] 180117V
(<) r(B,«=) +7-V(A)
r(B,<) +v- V(A) since V(A)> V(C)& r(B,+) >

= w(B) =«
V(B) = -1+ 6y

(AlB]C

[D]

S=1{A,B,C, D}

A={—,«}

r({B,C},+)
r({B,C},—)

AT

r(B,—)

—1 r({A,D}) =

=201

66



Example I, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(B7*>5Ca 73) (Bv<77A771) (C5H7D573) (C7<;aB7 1)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, <, exit, 6) (C,+,B,-1)
(Ba<77A7 71)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

> for vy =1: 1(B) =, 7(C) =«
» Task: determine v which changes the policy computed for v =1

State B: 7(B) =<, V(B) = -1 + 6

[A[B[C][D]

S=1{A,B,C, D}
A={—,«}
r({B,C}t«+) =
r({Bv C}7 _>) =-3

p(D|C, —

-1, r({A,D}) = 6,

A2} pa =3



Example I, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(B7*>5Ca 73) (Bv<77A771) (C5H7D573) (C7<;aB7 1)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, <, exit, 6) (C,+,B,-1)
(Ba<77A7 71)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

> for v =1: n(B)

=+,7(C)

=

(AlB]C

[D]

S=1{A,B,C, D}

A={—,«}

r({B,C},+)
r({B,C},—)

AT

» Task: determine v which changes the policy computed for v =1

State B: 7(B)

=+, V(B)=-1+6y

= Policy in state C has to be changed.

—1 r({A,D}) =

=201

67



Example I, v =7
Episode 1 Episode 2 Episode 3
(B7*>5Ca 73) (Bv<77A771) (C5H7D573)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6)
(D, , exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

> for v =1: n(B)
» Task: determine v which changes the policy computed for v =1

=+, V(B)=-1+6y

State B: 7(B)

=+,7(C)

=

= Policy in state C has to be changed.

Compute:
A: q(C,—) = H(C, ) +7- V(D)
B: q(C,—)=r(C,—)+~-V(B)
C: q(C,—) = r(C,) +7- V(D)
D: q(C,—)=r(C,<)+ V(B)

S={A,B,C,D}
A={—,«}
—1 r({A,D}) =

e



Example I, v =7
Episode 1 Episode 2 Episode 3
(B7*>5Ca 73) (Bv<77A771) (C5H7D573)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6)
(D, , exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

> for v =1: n(B)

=+,7(C)

=

(AlB]C[D]
S={A,B,C,D}
A={—,«}
r({B,C}t«+) =
r({B,C},—) =—

258258 )=

» Task: determine v which changes the policy computed for v =1

State B: 7(B)

=+, V(B)=-1+6y

= Policy in state C has to be changed.

Compute:

A q(C,=)=r(C,—=)+~-V(D)=-3+6v

B:
C:
D:

—1 r({A,D}) =



Example I, v =7

Episode 1 Episode 2 Episode 3

(B7*>5Ca 73) (Bv<77A771) (C5H7D573)
(C,—,D,—3) | (A —, exit,6) | (D, exit,6)
(D, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

> for v =1: 7(B) =+, 7(C) =«

> Task: determine « which changes the policy computed for

State B: n(B) =+, V(B) = —1 + 6
= Policy in state C has to be changed.

- q(C,—)=-3+6y
Compute
A: q(C,«)=r(C)+ V(D)
B g(C,+) = r(C, ) +7- V(B)
C: q(C,+)=r(C+)+~-V(D)
D: q(C,+)=r(C,—)+ V(B)

(AlB]C[D]
S={A,B,C,D}
A={—,«}
r({B,C}t«+) =
r({B,C},—) =—

258258 )=

y=1

—1 r({A,D}) =



Example I, v =7

each field in the table is an n-tuple (s, a,s’, r)
> for v =1: 7(B) =+, 7(C) =«
> Task: determine « which changes the policy computed for v =1

State B: n(B) =+, V(B) = -1+ 6y
= Policy in state C has to be changed.
- q(C,—)=-3+6y
Compute:
A:
B: q(C,«-)=r(C,+)+7-V(B)=-1+7(-1+67)
C:
D:

Episode 1 Episode 2 Episode 3 Episode 4 l A ‘ B ‘ < ‘ D ‘
(B,—,C,—3) | (B,«<,A,—1) | (C,—,D,—-3) | (C,«+,B,—1) 5={AB,C, D}
(C,—,D,=3) | (A —,exit,6) | (D,—,exit,6) | (B,—,C,—3) A={—<«}
(D, +, exit, 6) (C,+,B,—1) r({B,C},«) = —1 r({A,D}) =
(B, +, A, —1) r({B,C}, =) =~
(A, «, exit, 6) EC g 332 @IB e% 21/2 =



Example I, v =7
Episode 1 Episode 2 Episode 3
(B7*>5Ca 73) (Bv<77A771) (C54>7D573)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6)
(D, , exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

> for v =1 n(B)

=+, 7(C)

=4

(AlB]C[D]
S={A,B,C,D}
A={—,«}

r({B,C},«) = —1 r({A,D}) =
r({B,C},—) =

258258 )=

» Task: determine « which changes the policy computed for v =1

State B: 7(B)

= Policy in state C has to be changed.

- q(C,—) =
- q(C><_) =

To change the policy, we need:
q(C,—) > q(C,«)

=+, V(B)=-1+6vy
-3+ 67
—1+~(-1+67)



Example I, v =7
Episode 1 Episode 2 Episode 3
(B7*>5Ca 73) (Bv<77A771) (C54>7D573)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6)
(D, , exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

> for v =1 n(B)

=+, 7(C)

=4

(AlB]C[D]
S={A,B,C,D}
A={—,«}
r({B,C},«+) =
r({B,C},—) =—

258258 )=

» Task: determine « which changes the policy computed for v =1

State B: 7(B)

= Policy in state C has to be changed.

- q(C,—) =
- q(C><_) =

To change the policy, we need:
q(C,—=) > q(C, <)

Let’s evaluate for boundary equality:
q(C, =) = q(C, <)

=+, V(B)=-1+6vy
-3+ 67
—1+~(-1+67)

—1 r({A,D}) =



Example I, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(B7*>5Ca 73) (Bv<77A771) (C5H7D573) (C7<;aB7 1)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, <, exit, 6) (C,+,B,-1)
(Ba<77A7 71)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

> for v =1: 7(B) =+, n(C) =«
» Task: determine « which changes the policy computed for v =1

q(C,—)

= q(Cv <_)

[A[B]C]D]
5:{A7B,C,D}
A={—=,+}

r({B,C},«) = —1, r({A,D}) = 6,
r({B,C},—)=-3

A5 ) e D)=y




Example I, v =7
Episode 1 Episode 2 Episode 3 Episode 4 l A ‘ B ‘ < ‘ D ‘

(B,—~,C,—3) | (B, A1) | (C,—,D,=3) | (C,+,B,-1) S={AB,C,D}

(C,—,D,=3) | (A —,exit,6) | (D,—,exit,6) | (B,—,C,—3) A={—<«}

(D,(—,exit,6) (C,(—,B,—l) r({37 C}7<_) = _1 I’({A,D}) =
(Ba<77A771) I’({B7 C},_>):

i c|B = p(A|B 2/2 =

(A, <, exit, 6) gED\Czjgz %Bllc%% 2/

each field in the table is an n-tuple (s, a,s’, r)
> for v =1: 7(B) =+, n(C) =«
» Task: determine « which changes the policy computed for v =1

q(C,—) = q(C,«)
—346y = —-14~(-1+467)



Example I, v =7

Episode 1 Episode 2 Episode 3 Episode 4 l A ‘ B ‘ < ‘ D ‘
(B,—,C,—3) | (B,+,A,—1) | (C,—,D,=3) | (C,«,B,—1) 5={AB,C,D}
(C,—,D,=3) | (A —,exit,6) | (D,—,exit,6) | (B,—,C,—3) A={—<«}
(D, <+, exit, 6) (C,<,B,—1) r({B,C}t«+) = —1 r({A,D}) =
(B,+, A, —1) r({B,C},—) =
(A, +, exit, 6) ,’525\?;332 %'I% e% 21/2:

each field in the table is an n-tuple (s, a,s’, r)
> for v =1: 7(B) =+, n(C) =«
» Task: determine « which changes the policy computed for v =1
q(C,—) = q(C,«)

—346y = —1+9(-1+67)
3467 = —-1—7+69°



Example I, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(B7*>5Ca 73) (Bv<77A771) (C5H7D573) (C7<;aB7 1)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, <, exit, 6) (C,+,B,-1)
(Ba<77A7 71)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

> forv=1: 7(B)

= m(C)

=«

(AlB]C

[D]

S=1{A,B,C, D}

A={—,«}

r({B,C},+)
r({B,C},—)

aela

» Task: determine « which changes the policy computed for v =1

q(C,—)
— 3467
-3+ 67y
6v2 — 7y +2

= q(Cv <_)

= 0

—1+9(-1+67)
—1— 7+ 672

—1 r({A,D}) =

2= Yéh’?: e



Example I, v =7
Episode 1 Episode 2 Episode 3 Episode 4
(B7*>5Ca 73) (Bv<77A771) (C5H7D573) (C7<;aB7 1)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, <, exit, 6) (C,+,B,-1)
(Ba<77A7 71)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

> forv=1: 7(B)

= m(C)

=«

(AlB]C

[D]

S=1{A,B,C, D}

A={—,«}
r({B,C},«)
r({B,C},—)

AT

» Task: determine « which changes the policy computed for v =1

q(C,—)
— 3467
-3+ 67y
6v2 — 7y +2

= q(Cv <_)

—1+9(-1+67)

= —1—7+469?

= 0

=y =2/3,70=1/2

—1 r({A,D}) =

=201



Example I, v =7
Episode 1 Episode 2 Episode 3
(B7*>5Ca 73) (Bv<77A771) (C5H7D573)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6)
(D, , exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

> forv=1: 7(B)

= m(C)

=«

(AlB]C[D]
S={A,B,C,D}
A={—,«}
r({B,C}t«+) =
r({B,C},—) =—

258258 )=

» Task: determine « which changes the policy computed for v =1

q(C,—)
— 3467
-3+ 67y
6v2 — 7y +2

= q(Cv <_)

—1+9(-1+67)

= —1—7+469?

= 0

=y =2/3,70=1/2

= w(B) =+,n(C)
w(B) =+,m(C) =

=<« for v €]0,1/2[U]2/3,1]
—; for v €]1/2,2/3]

—1 r({A,D}) =



Example Il

v=0



Example Il, v =10
Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1)| (C,—,D,-3) | (C,+,B,—-1)
(C,—,D,-3) | (A —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, +, exit, 6) (C,+,B,-1)
(B,+,A,—-1)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

For v =0:
Compute:
A: g(B,«<)=6
B: g(B,+)=5
C: g(B,+)=-1
D: q(B, ) =

(A[B]C[D]

S =1{A,B,C,D}

A={—,«}

r({87 C}zk) = 71 r({AzD}) =
r({B,C}, =) = —
258 R 1

74 /85



Example Il, v =10
Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1)| (C,—,D,-3) | (C,+,B,—-1)
(C,—,D,-3) | (A —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, +, exit, 6) (C,+,B,-1)
(B,+,A,—-1)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

For v =0:
Compute:
A:
B:

C: g(B,«)=r(B,<)+0-V(A)=-1

D:

[A[B[C][D]

S={AB,C,D}
A={—,«}

r({B,C},+) = ~1, r({AD}) = 6,

r({B,C},—)=-3

H68 ) 588 =3

75 /85



Example Il, v =10
Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1)| (C,—,D,-3) | (C,+,B,—-1)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, , exit, 6) (C,+,B,-1)
(B,+,A 1)
(A, <, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

For v =0:
- q(B,+)=-1
Compute:
A: q(B,—)=6
) 3

B: q(B,—
C: q(B,—)
D: q(B,—

-3
)=0

(AlB]C[D]
S={A,B,C,D}
A={—,«}
r({B,C} <) =
r({Bv C}7_>) =-3
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Example Il, v =10
Episode 1 Episode 2 Episode 3
(B7*>5Ca 73) (Bv<77A771) (C5H7D573)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6)
(D, , exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

For v =0:

- q(B’<_): -

Compute:

A:

B: g(B,—)=r(B,—)+0-V(C)=-3

C:
D:

(AlB]C[D]
S={A,B,C,D}
A={—,«}
r({B,C} <) =
r({B,C},—)=—

e

—1 r({A,D}) =



Example Il, v =10
Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1) | (C,—,D,-3) | (C,+,B,—-1)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, , exit, 6) (C,+,B,-1)
(B,+,A,—-1)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

For v =0:

- q(B’<_) =
- q(Ba_>) =

-1
-3

(Al[B]C[D]
S={A,B,C,D}

A={—,«}

r({B,C},«<) = -1, r({AD}) =
r({B,C},—) =—

e R



Example Il, v =10
Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1) | (C,—,D,-3) | (C,+,B,—-1)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, , exit, 6) (C,+,B,-1)
(B,+,A,—-1)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

For v =0:

- q(B’<_) =
- q(Ba_>) =

= 7(B) =«

-1
-3

(Al[B]C[D]
S={A,B,C,D}

A={—,«}

r({B,C},«<) = -1, r({AD}) =
r({B,C},—) =—

e R



Example Il, v =10
Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1)| (C,—,D,-3) | (C,+,B,—-1)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, , exit, 6) (C,+,B,-1)
(B,+,A 1)
(A, <, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

For v =0:

> m(B) =«

(AlB]C[D]
S={A,B,C,D}

A={—,«}
r({B,C} <) =
r({Bv C}7_>) =-3
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Example Il, v =10
Episode 1 Episode 2 Episode 3
(B7*>5Ca 73) (Bv<77A771) (C5H7D573)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6)
(D, , exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

For v =0:

> m(B) =«

(AlB]C[D]
S={A,B,C,D}
A={—,«}
r({B,C} <) =
r({B,C},—)=—

e

—1 r({A,D}) =



Example Il, v =10
Episode 1 Episode 2 Episode 3
(B7*>5Ca 73) (Bv<77A771) (C5H7D573)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6)
(D, , exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

For v =0:

7(B) =«

Compute:

A:

B: q(C,+)=r(C,«<)+0.V(B)=-1

C:
D:

(AlB]C[D]
S={A,B,C,D}
A={—,«}
r({B,C} <) =
r({B,C},—)=—

e

—1 r({A,D}) =



Example Il, v =10
Episode 1 Episode 2 Episode 3
(B7*>5Ca 73) (Bv<77A771) (C5H7D573)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6)
(D, , exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

For v =0:
> m(B) =«

- q(C><_) =

-1

(AlB]C[D]
S={A,B,C,D}
A={—,«}
r({B,C}t«+) =
r({B,C},—) =—
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—1 r({A,D}) =



Example Il, v =10
Episode 1 Episode 2 Episode 3
(B7*>5Ca 73) (Bv<77A771) (C5H7D573)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6)
(D, , exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

For v =0:
> m(B) =«
- q(C, ) =
Compute:

-1

A: q(C,—=)=r(C,—)+0-V(D)=-3

B:
C:
D:

(AlB]C[D]
S={A,B,C,D}
A={—,«}

r({B,C},+) = —1 r({A,D}) =
r({B,C},—) =—

258258 )=



Example Il, v =10
Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1)| (C,—,D,-3) | (C,+,B,-1)
(C,—,D,-3) | (A —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, +, exit, 6) (C,+,B,-1)
(B,+,A,—-1)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

For v =0:
> 7(B) =«
-q(C+)=-1
- q(C,—)=-3

(AlB]C[D]
S={A,B,C,D}

A={—,+}

r({B,C},«) = -1, r({AD}) =
r({B,C}, =) = —

e R
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Example Il, v =10
Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1)| (C,—,D,-3) | (C,+,B,-1)
(C,—,D,-3) | (A —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, +, exit, 6) (C,+,B,-1)
(B,+,A,—-1)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

For v =0:
> 7(B) =«
-q(C,+)=-1
- q(C,—)=-3
= 7(C) =«

(AlB]C[D]
S={A,B,C,D}

A={—,+}

r({B,C},«) = -1, r({AD}) =
r({B,C}, =) = —

e R
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Example Il, summary

Episode 1 Episode 2 Episode 3 Episode 4
(B,—~,C,-3) | (B,«+,A,-1) | (C,—,D,-3) | (C,+,B,—-1)
(C,—,D,-3) | (A, —,exit,6) | (D,—,exit,6) | (B,—,C,—3)
(D, ¢+, exit, 6) (C,¢,B,~-1)

(B,+,A,—-1)
(A, +, exit, 6)

each field in the table is an n-tuple (s, a,s’, r)

For v =1:

For v €]2/3,1]:

For v €]1/2,2/3[:

For v € [0,1/2[:

For v =0:

(B)

)

3

3

3

3

NW N0l AW 0w
I

|
N A A Y A

3

3

N N NN NN
I

3

(AlB]C

[D]

S=1{A,B,C, D}

A={—,«}
r({B,C},«)
r({B,C},—)

AT

—1 r({A,D}) =

=201
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