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Figure 4.1 FILES: figures/hill-climbing.eps. A one-dimensional state-space landscape in which
elevation corresponds to the objective function. The aim is to find the global maximum. Hill-climbing
search modifies the current state to try to improve it, as shown by the arrow. The various topographic
features are defined in the text.
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Figure 4.3 FILES: figures/8queens-successors.eps figures/8queens-local-minimum.eps. (a) An
8-queens state with heuristic cost estimate h = 17, showing the value of h for each possible successor
obtained by moving a queen within its column. The best moves are marked. (b) A local minimum in
the 8-queens state space; the state has h = 1 but every successor has a higher cost.
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Figure 4.4 FILES: figures/ridge.eps. Illustration of why ridges cause difficulties for hill climbing.
The grid of states (dark circles) is superimposed on a ridge rising from left to right, creating a sequence
of local maxima that are not directly connected to each other. From each local maximum, all the
available actions point downhill.
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Figure 4.6 FILES: figures/genetic.eps. The genetic algorithm, illustrated for digit strings repre-
senting 8-queens states. The initial population in (a) is ranked by the fitness function in (b), resulting in
pairs for mating in (c). They produce offspring in (d), which are subject to mutation in (e).
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Figure 4.7 FILES: figures/8queens-crossover.eps. The 8-queens states corresponding to the first
two parents in Figure 4.6(c) and the first offspring in Figure 4.6(d). The shaded columns are lost in the
crossover step and the unshaded columns are retained.
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Figure 4.9 FILES: figures/vacuum2-states.eps. The eight possible states of the vacuum world;
states 7 and 8 are goal states.
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Figure 4.10 FILES: figures/erratic-vacuum-and-or-plan.eps. The first two levels of the search
tree for the erratic vacuum world. State nodes are OR nodes where some action must be chosen. At
the AND nodes, shown as circles, every outcome must be handled, as indicated by the arc linking the
outgoing branches. The solution found is shown in bold lines.
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Figure 4.12 FILES: figures/slippery-vacuum-loop-plan.eps. Part of the search graph for the slip-
pery vacuum world, where we have shown (some) cycles explicitly. All solutions for this problem are
cyclic plans because there is no way to move reliably.
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Figure 4.13 FILES: figures/vacuum-prediction.eps. (a) Predicting the next belief state for the
sensorless vacuum world with a deterministic action, Right . (b) Prediction for the same belief state
and action in the slippery version of the sensorless vacuum world.
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Figure 4.14 FILES: figures/vacuum2-sets.eps. The reachable portion of the belief-state space for
the deterministic, sensorless vacuum world. Each shaded box corresponds to a single belief state. At
any given point, the agent is in a particular belief state but does not know which physical state it is in.
The initial belief state (complete ignorance) is the top center box. Actions are represented by labeled
links. Self-loops are omitted for clarity.
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Figure 4.15 FILES: figures/vacuum-prediction-update.eps. Two example of transitions in local-
sensing vacuum worlds. (a) In the deterministic world, Right is applied in the initial belief state, re-
sulting in a new belief state with two possible physical states; for those states, the possible percepts are
[B,Dirty ] and [B, Clean], leading to two belief states, each of which is a singleton. (b) In the slippery
world, Right is applied in the initial belief state, giving a new belief state with four physical states; for
those states, the possible percepts are [A,Dirty ], [B, Dirty ], and [B,Clean], leading to three belief
states as shown.
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Figure 4.16 FILES: figures/local-sensing-vacuum-and-or.eps. The first level of the AND–OR
search tree for a problem in the local-sensing vacuum world; Suck is the first step of the solution.
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Figure 4.17 FILES: figures/kindergarten-vacuum-filtering.eps. Two prediction–update cycles of
belief-state maintenance in the kindergarten vacuum world with local sensing.
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Figure 4.19 FILES: figures/maze-3x3.eps. A simple maze problem. The agent starts at S and must
reach G but knows nothing of the environment.
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Figure 4.20 FILES: figures/adversary-spaces.eps figures/adversary-blocks.eps. (a) Two state
spaces that might lead an online search agent into a dead end. Any given agent will fail in at least one
of these spaces. (b) A two-dimensional environment that can cause an online search agent to follow an
arbitrarily inefficient route to the goal. Whichever choice the agent makes, the adversary blocks that
route with another long, thin wall, so that the path followed is much longer than the best possible path.
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Figure 4.22 FILES: figures/quicksand.eps. An environment in which a random walk will take
exponentially many steps to find the goal.
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Figure 4.23 FILES: figures/lrta-progress.eps. Five iterations of LRTA∗ on a one-dimensional state
space. Each state is labeled with H(s), the current cost estimate to reach a goal, and each link is labeled
with its step cost. The shaded state marks the location of the agent, and the updated cost estimates at
each iteration are circled.
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