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Nodes from a goal set

G, =~ {nodes with distance n from G}
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Nodes from a goal set

G, =~ {nodes with distance n from G}

n
Gni1 = {s| (3s' € Gp) arc(s,s')} — U G;
i=1

@ o Gy =G
' Vio=1{v)
@‘@‘@ {(V}1 = {SA, NSW}
.I (V1> = {WA,NT,Q}

©) {V}o = {T}
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Distance d; to minimize

n if s € G,
oo  otherwise

dg(s) = {

Refine

_J1 ifseG
Oc(s) = { 0 otherwise

to reward from 1 to 0 (= distance from 0 to o)
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Distance d; to minimize ~~ reward rg to maximize

| n ifsegG,
dg(s) = { 0o otherwise

Refine

_J1 ifseG
Oc(s) = { 0 otherwise

to reward from 1 to 0 (= distance from 0 to o)

(27 ifseé,
re(s) = { 0 otherwise

halving the reward as we step back (starting at G)
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Distance d; to minimize ~~ reward rg to maximize

n if s € G,
oo  otherwise

dg(s) = {

Refine

_J1 ifseG
Oc(s) = { 0 otherwise

to reward from 1 to 0 (= distance from 0 to o)

(27 ifseé,
re(s) = { 0 otherwise

halving the reward as we step back (starting at G)
1
re(s) = §rG(S,) if arc(s,s’) and dg(s') < dg(s).
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Rewards looking ahead

Ho(s) = dg(s)
1
Hpi1(s) == dg(s) + 5 max{H,(s") | arc_(s,s’)}
where arc_ encodes move/rest

arc_(s,s') < arc(s,s')ors=75".
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Rewards looking ahead

Ho(s) = dg(s)
Hpi1(s) == dg(s) + % max{H,(s") | arc_(s,s’)}
where arc_ encodes move/rest
arc_(s,s') < arc(s,s')ors=75".
For s € Gg,
Frials) = 14 5 Hal(s) = ania

where

a, =y 27F = 2(1—27(mt)
k=0
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Rewards looking ahead

Ho(s) = dg(s)
Hpi1(s) == dg(s) + % max{H,(s") | arc_(s,s’)}
where arc_ encodes move/rest
arc_(s,s') < arc(s,s')ors=75".
For s € Gg,
Frials) = 14 5 Hal(s) = ania

where
a, =y 27F = 2(1—27(mt)
k=0

and for s € Gk41, s’ € Gi and arc(s,s'),

1
Hictnia(s) = 5 Hicyn(s')
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Rewards looking ahead: lim,_,. H,(s) = 2rg(s)

Ho(s) = dg(s)
Hpi1(s) == dg(s) + % max{H,(s") | arc_(s,s’)}
where arc_ encodes move/rest
arc_(s,s') < arc(s,s')ors=75".
For s € Gg,
Fnials) = 14 5 Hal(s) = ania

where
a, =y 27F = 2(1—27(mt)
k=0

and for s € Gky1, s" € Gy and arc(s,s'),

1
Hitnia(s) = 5 Hicyn(s)
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H(s) = dc(s)+ % max{H(s) | arc_(s, ')}

a foolproof heuristic for the shortest solution

Frontier = [Hd|T1] with H(Hd) > H(s) for all s in TL1.
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H(s) = dc(s)+ % max{H(s) | arc_(s, ')}

a foolproof heuristic for the shortest solution

Frontier = [Hd|T1] with H(Hd) > H(s) for all s in TL1.

What if arcs have different costs?
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H =Ilim,_.. H, and evaluating moves

H(s) = dc(s)+ % max{H(s) | arc_(s, ')}

a foolproof heuristic for the shortest solution

Frontier = [Hd|T1] with H(Hd) > H(s) for all s in TL1.

What if arcs have different costs?

Extend 0¢(s) to arc/rest s, s’

1 ifs=seG
Qo(s,s’) = —cost(s, s’) else if arc(s,s’)
— maxXs, s, cost(si, sp)  otherwise

and Hpy1(s) to

1
Qni1(s,s') == Qo(s,s’) + > max{Qn(s’,s") | arc—(s',s")}
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Discounted rewards (0 < v < 1)
(immediate) rewards ri, 2, r3,... at times 1,2,3,... give a
~-discounted value of

Vi=n+an+y’n+- = > 7
i>1
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Discounted rewards (0 < v < 1)
(immediate) rewards ri, 2, r3,... at times 1,2,3,... give a
~-discounted value of

Vi=n+an+y’n+- = > 7
i>1

t
= (Z’y’*lri) + ’)/tvt+1
i=1
where V4 is the value from time step t on (Vi = V)

Ve = Z’Yiitri = re+7Ven

i>t
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Discounted rewards (0 < v < 1)
(immediate) rewards ri, 2, r3,... at times 1,2,3,... give a
~-discounted value of

Vi=n+an+y’n+- = > 7
i>1

t
= (Z’y’*lri) + ’)/t\/t_H
i=1
where V4 is the value from time step t on (Vi = V)

Vi = Z’Yiitri = re+7Ven

i>t

which is bound by bounds on r;

m<ri <M foreachi>t implies

since 35507 = (1 —7)7"
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Discounted rewards (0 < v < 1)
(immediate) rewards ri, 2, r3,... at times 1,2,3,... give a
~-discounted value of

Vi=n+an+y’n+- = > 7
i>1

t
= (Z’y’*lri) + ’)/t\/t_H
i=1
where V4 is the value from time step t on (Vi = V)

Vi = ny’;tr,- = r¢ +vVir1 (backward induction)
i>t

which is bound by bounds on r;

m M

m<ri <M foreachi>t implies ligvtgl
_"y —

since 35507 = (1 —7)7"

v
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Q — Iimn%oc Qn

Q(s;s') = Qo (5 $)+ 5 maX{Q(S' s") | arc—(s',s")}
_ ifs=s'eG
' —cost(s,s’) else if arc(s,s’)
4
1

soln not chosen

Qs.g) = -
Q(s,a) = -2 = Q(a,b) = Q(b,s)
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Q — Iimn%oc Qn

Q(s;s') = Qo (5 $)+ 5 maX{Q(S' s") | arc—(s',s")}
_ ifs=s'eG
' —cost(s,s’) else if arc(s,s’)
4
1

soln not chosen costlier soln chosen
Q(s.g) =-3 Q(s.g) = -5
Q(s,a) = -2 = Q(a,b) = Q(b,s) Q(a,g) = -4 = Q(s,a)
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Raising the reward
Adjust Qp(s,s’) to

H !
R(s,s) = {r fs=seG

—cost(s,s’) else if arc(s,s’)

for some reward r high enough to offset costs of reaching a goal
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Raising the reward
Adjust Qp(s,s’) to

H !
R(s, ) { r fs=seG

—cost(s,s’) else if arc(s,s’)

for some reward r high enough to offset costs of reaching a goal

eg. r > 2"nc

for solutions up to n — 1 arcs with arcs costing < ¢
e.g. n states, and c is max arc cost.
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Raising the reward
Adjust Qp(s,s’) to

N r ifs=s¢eG
R(S,S) T { —COSt(575/) else if arC(S,S,)

for some reward r high enough to offset costs of reaching a goal

eg. r > 2"nc

for solutions up to n — 1 arcs with arcs costing < ¢

e.g. n states, and c¢ is max arc cost.
Let

V(s) := max{Q(s,s’) | arc_(s,s)}
sofor0<i<n,s €Gjand arc(s,s'),
V(s') >2""(n—i)c
V(s) > —c+%V(s’) > () (h — (i +1))c > 2c.
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Recap

From node s, find path to goal via s’ maximizing
Q(s:s") = R(s,s) + 5 V(s)

with discount 1 on future V/(s), contra

k—
cost(sy - sk) = E cost(s;, si+1)
=1

#+ 221 ’cost(s,-,s,-+1)

i=1

24/26


https://www.goodreads.com/quotes/390191-cecil-graham-what-is-a-cynic-lord-darlington-a-man
https://paulbernal.wordpress.com/2014/04/13/the-price-of-everything-and-the-value-of-nothing/

Recap

From node s, find path to goal via s’ maximizing
Q(s:s") = R(s,s) + 5 V(s)

with discount 1 on future V/(s), contra

k—
cost(sy - sk) = E cost(s;, si+1)
=1

#+ 221 ’cost(s,,s,+1)

i=1

Trade min cost guarantee for cost-benefit analysis with
chance 3 of survival/doom.
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https://www.goodreads.com/quotes/390191-cecil-graham-what-is-a-cynic-lord-darlington-a-man
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Recap

From node s, find path to goal via s’ maximizing

Q(s,

s") == R(s,s') + (s’)

with discount 1 on future V(s ) contra

cost(s

csk) = Zcost(s;,s,url)
i=1

k—1

#+ Z 21_icost(s;, Sit1)

i=1

Trade min cost guarantee for cost-benefit analysis with
chance 3 of survival/doom.

NEXT: more uncertainty,

Qn(s,s') ~
Q(S,S’) =

approached via approximations like

Q(s,s’) up to look ahead n
lim Qn(s,s’).
n—o0
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