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function ONLINE-DFS-AGENT(s") returns an action
inputs: s’, a percept that identifies the current state
persistent: result, a table indexed by state and action, initially empty
untried, a table that lists, for each state, the actions not yet tried
unbacktracked, a table that lists, for each state, the backtracks not yet tried
s, a, the previous state and action, initially null

if GOAL-TEST(s") then return stop
if s’ is a new state (not in uniried) then untried[s'] < ACTIONS(s")
if s 1s not null then
result[s, a] «— s’
add s to the front of unbacktracked[s']
if untried[s’] is empty then
if unbacktracked[s'] is empty then return stop
else a < an action b such that result[s’, b] = POP(unbacktracked[s'])
else a — POP(untried[s’])
s 8

return a
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(1,1)

Assume maze problem on 3x3 grid.

SI

s' = (1,1) is initial state
Result, untried (UX), unbacktracked (UB), ...are empty

$,a are also empty
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ONLINE DFS AGENTS

e GoAL-TEST((1,1))7?
3 G —s' # G thus false

e (1,1) a new state?

2 —true

— Action((1,1)) = UX]|(1,1)]:={RIGHT,UP}
S e 5 is null?
— true (initially)
’ 5 3 e UX]|(1,1)] empty?
— false
st = (L1 e PoP(UX|[(1,1)]) — a
—a = UP
es=(1,1)
e return a
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e GOAL-TEST((2,1))?
— 5" # G thus false
® (2,1) a new state?
—lrue
— AcTION((2,1)) — UX](2,1)]:={DOWN}

e s is null?

—Jalse (s = (1,1))
—result|UP, (1,1)] :==(2,1)
—UB|(2,1)] = (1,1)

e UX[(2,1)] empty?
— false

e POP(UX]|(2,1)]) = a
—a = DOWN

es=(21)

e return a
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ONLINE DFS AGENTS

e GOAL-TEST((1,1))?
3 G —s' # G thus false
e (1,1) a new state?

— false

e 5 is null?
11 S — false (s =(2,1))
—result[DOWN, (2,1)] := (1,1)
1 2 8 —~UBJ(1,1)] := (2,1)
s’ = (1,1) o UX|[(1,1)] empty?
— false
e Por(UX][(1,1)]) — a
—a = RIGHT
es=(1,1)
e return a
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ONLINE DFS AGENTS

o GOAL-TEST((1,2))?
S G — s 2 G thus false
e (1,2) a new state?

2 —true
— AcTION((1,2)) — UX|(1,2)]:= { RIGHT, UP, LEFT }

e 5 is null?
" S — false (s = (1,1))
—result[RIGHT, (1,1)] := (1,2)

% 1 2 3

& - UB|(1,2)] = (1,1)
s =(12) o UX[(1,2)] empty?

5 — false

?ZE e Por(UX|[(1,2)]) — a
—a = LEFT

z es=(1,2)

ij:; e return a
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(V51 #) Jbe

e GOAL-TEST((1,1))7
— ' # G thus false
e (1,1) a new state?  false

e s is null?

— false (s = (1,2))
—result[LEFT, (1,2)] .= (1,1)
~UB[(1,1)] = (1,2),2,1)

e UX((1,1)] empty?
—true
—UBI|(1,1)] empty? false

e a=>bforbinresultlb, (1,1)] = (1,2)
—b = RIGHT

e a = RIGHT

os=(1,1)

e return a
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function LRTA*-AGENT(s") returns an action
inputs: s’, a percept that identifies the current state
persistent: result, a table, indexed by state and action, initially empty
H, a table of cost estimates indexed by state, initially empty
s, a, the previous state and action, initially null

if GOAL-TEST(s’) then return stop
if s is a new state (not in H) then H[s'] < h(s")
if s 1s not null

result[s, a] «+ s’

H[s]<— min LRTA*-COST(s, b, result[s, b], H)
b € ACTIONS (s)

a + an action b in ACTIONS(s") that minimizes LRTA*-COST(s’, b, result[s’, b], H)
/
545

return a

function LRTA*-COST(s, a, s, H) returns a cost estimate
if s’ is undefined then return h(s)
else return c(s,a,s’) + H|[s']
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LEARNING REAL-TIME A* (LRTA%*)

function LRTA*-AGENT(s") returns an action
inputs: s’, a percept that identifies the current state
persistent: result, a table, indexed by state and action, initially empty
H, a table of cost estimates indexed by state, initially empty
s, a, the previous state and action, initially null

if GOAL-TEST(s) then return stop
if s’ is a new state (not in H) then H[s'] «— h(s")
if 5 is not null

result[s, a] «— s’

H[s]— min LRTA*-CoST(s, b, result[s, b], H)

b EA(‘TI()NS(.A)
a < an action b in ACTIONS(s’) that minimizes LRTA*-C0OST(s’, b, result[s’, b], H)
’
S8

return a

function LRTA*-C0ST(s, a, s’, H) returns a cost estimate
if s" is undefined then return h(s)
else return c(s,a,s’) + H[s']

-5l g TESUlE J gan 5oy laae 5 4283 & ONLINE-DEFS-AGENT «lie LRTA* Jole
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Russell

Stuart Russell and Peter Norvig,

Artificial Intelligence: A Modern Approach,

3rd Edition, Prentice Hall, 2010.

Chapter 4 (4.5)

-
’”’;ﬁb/

BEYOND CLASSICAL
SEARCH

4.1

In which we relax the simplifving assumptions of the previous chapter, thereby
geiting closer to the real world.

Chapter 3 addressed a single category of problems: observable, deterministic, known envi-
ronments where the solution is a sequence of actions. In this chapter, we look at what happens
when these assumplions are relaxed. We begin with a fairly simple case: Sections 4.1 and 4.2
cover algorithms that perform purely local search in the state space, evaluating and modify-
ing one or more current states rather than systematically exploring paths from an initial state.
These algorithms are suitable for problems in which all that matters is the solution e, not
the path cost to reach it. The family of local search algorithms includes methods inspired by
physics lated ling) and evolutionary biology (gemetic algorithms).

Then, in Sections 4.3-4.4, we examine what happens when we relax the assumptions
of determinism and observability. The key idea is that if an agent cannot predict exactly what
percept it will receive, then it will need to consider what to do under each contingency that
its percepts may reveal. With partial observability, the agent will also need to keep track of
the states it might be in.

Finally, Section 4.5 investigates online search, in which the agent is faced with a state
space that is initially unknown and must be explored.

LOCAL SEARCH ALGORITHMS AND OPTIMIZATION PROBLEMS

The search algorithms that we have seen so far are designed to explore search spaces sys-
tematically. This systematicity is achieved by keeping one or more paths in memory and by
recording which alternatives have been explored at each point along the path. When a goal is
found, the path to that goal also constitutes a solution to the problem. In many problems, how-
ever, the path to the goal is irrelevant. For example, in the 8-queens problem (see page 71),
what matters is the final configuration of queens, not the order in which they are added. The
same general property holds for many important applications such as mlegralndﬂmml de-
sign, factory-floor layout, job-shop scheduling, 2 F ing, lelec
network optimization, vehicle routing, and portfolio m.m.:mmen(

120




