
07-380: AI & ML II

Recitation 2

Fall 2026

September 4

1 Journey to Success(or-State Axioms)

1. First, let’s review some definitions. What are successor-state axioms?

2. Consider the following Mini Pacman grid. In this simplified world, the only available actions are Left,
Right, and Stay. The only possible states are Pacman(1,1) and Pacman(2,1). If Pacman tries to move
into a wall, he will stay in the same state.

Notice that Pacman’s state and actions are both fluent, so we can set up successor-state axioms to
define how Pacman moves in this world. Write the successor-state axiom corresponding to Figure 3.

Figure 1: Mini Pacman Grid

3. Suppose that at time 0, Pacman is somewhere on a 5x5 grid ((1,1) at the bottom left, (5,5) at the top
right) with only walls on the borders.

For each of the following, state whether the entailment relation is correct. Explain your reasoning.

(a) Upt ∨Rightt |= ¬Pacmant+1
(1,1)

(b) ¬Pacmant+1
(1,1) |= Upt ∨Rightt

(c) Up0 ∧ Up2 ∧ Up3 |= Pacman4
(x,y) : x ∈ [1, 5], y ∈ [4, 5]

(d) Upt ∧Rightt |= ¬Pacmant+1
(5,5)
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(e) ¬Pacmant+1
(5,5) |= Upt ∧Rightt

(f) Downt+1 ∧ Leftt+1 |= Upt ∧Rightt
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2 Compare and Contrast

1. What are some ways to find a plan using a classical planning environment model?

2. What classical planning assumptions are relaxed when using the GraphPlan heuristic? Why is this
helpful compared to naive search?
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3 Vocabulary Check

Define each of the following terms in context of Mutex within GraphPlan:

1. Interference

2. Inconsistent effects/Inconsistency

3. Competing Needs

4. Negation

5. Inconsistent Support

4



07-380: AI & ML II

Recitation 2

Fall 2026

September 4

4 Graph Plan - Crate Problem

In the Crane problem, you are given a crane, a package and a truck. The package starts on the left, the truck
on the right, and the crane faces the left. The goal of this is to load the package onto the truck and have the
crane be facing the left.

The crane can swing between left and right, with or without a payload, and it can pick up the crate if it
is on the same side. The crate can only be loaded onto the truck using the crane.

(a) Define the actions and predicates for this scenario.

(b) Draw the state graph for the first 3 moves. You may use pictures instead of propositions.
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(c) Draw the first two levels of the Graph Plan graph.

(d) Based on the above graph, list two actions that are mutex via interference

(e) Based on the above graph, list two actions that are mutex via inconsistent effects

(f) Based on the above graph, list two conditions that are mutex via inconsistent support
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5 Estimating Plan Cost

Imagine you are trying to make a peanut butter sandwich. You have unlimited plain slices of bread which can
be toasted and then applied peanut butter/jelly to. The goal conditions are PB Slice ∧ Jelly Slice. Assume
that each action has a cost of 1. The planning graph for this scenario is given below:

(a) What arrows would be removed by converting this graph into Π+, the relaxed planning graph?

(b) Compute hmax and hadd. Which of these heuristics, if any, are admissible?

(c) What is the optimal plan based on this relaxed graph?

Relaxed-Plan(s,G)
build the relaxed planning graph F0 ⊆ F1 ⊆ · · · ⊆ Fm until G ⊆ Fm

lev(p)← the first layer in which p appears
Goalsi ← {g ∈ G : lev(g) = i} for each i
for i = m down to 1 do

for each g ∈ Goalsi do
choose an a with g ∈ ADD(a) and all preconditions at level < i
add a to RP i−1, and add each p ∈ PRE(a) to Goals lev(p)

return RP
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6 Sampling-based motion planning with RRT

6.1 Scenario

A warehouse uses small wheeled robots to carry items from a pick station to a dispatch chute. The robot can
drive in any direction from a standstill, so we never have to plan which way it is facing. Only the position of
its center matters, and a single pair of numbers q = (x, y) completely describes it.

The robot is treated as a point. It is really a disc of radius 0.4 m, but rather than track that radius during
planning we grow each obstacle outward by 0.4 m on every side before planning starts. A path that keeps
the centre point out of the grown obstacles will keep the real robot from touching the real obstacles.

The bay is 12 × 10 metres and holds two obstacles. One is attached to the south wall and the other to the
north wall. You can see a visualization below.

6.2 Problem specification

Symbol Value Meaning

C [0, 12]× [0, 10] configuration space, the bay floor

O1 [3, 5]× [0, 6] obstacle on the south wall

O2 [7, 9]× [4, 10] obstacle on the north wall

Cobs O1 ∪O2 obstacle region

Cfree C \ Cobs free space

qstart (1, 1) pick station

qgoal (11, 1) dispatch chute

r 1.0 goal radius: the chute accepts a tote within this distance

ε 2.0 step size: the controller accepts waypoints at most this far apart

p 0.10 goal bias

Two further choices complete the specification:

• Distance metric: Euclidean, ∥qa − qb∥ =
√︁

(xa − xb)2 + (ya − yb)2.

• Local planner: the straight segment between two configurations.

Grid lines below are one meter apart; the dashed circle is the goal region.
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6.3 The algorithm

Each iteration performs six steps.

1. SAMPLE with prob. p: q_rand = q_goal; else q_rand = uniform(C)

2. NEAREST q_near = argmin over all nodes of dist(node, q_rand)

3. STEER d = dist(q_near, q_rand)

if d <= eps: q_new = q_rand

else: q_new = q_near + eps*(q_rand - q_near)/d

4. COLLISION if collides(q_near, q_new): discard, go to 1

5. ADD append q_new with parent(q_new) = q_near

6. GOAL TEST if dist(q_new, q_goal) <= r: extract path and stop

EXTRACT follow parent pointers from the final node to the root, reverse

6.4 Configuration space and terminology

(a) What is the dimension of C here, and what would it be if the tote were carried by a six-joint robot arm
instead? Which parts of the algorithm above would have to change?

(b) In one sentence each, state the role of ε and the role of the goal radius r. Why is confusing the two a
bug rather than a matter of taste?

6.5 Nearest neighbour and steering

The following tree, called Tree A, has been grown in the bay described above. All six nodes and all five edges
are collision-free; you may assume this.
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node n0 n1 n2 n3 n4 n5

(x, y) (1, 1) (1, 3) (2, 5) (4, 8) (6, 7) (2, 2)
parent — n0 n1 n2 n3 n0

(a) The sampler returns qrand = (6, 3). Compute the distance from qrand to all six nodes, identify qnear,
and state the runner-up together with its margin of loss.

(b) Using your qnear from part (a), compute qnew. State which branch of step 3 fires.

(c) Now suppose instead qnear = n3 = (4, 8) and qrand = (5, 9). Compute d and qnew. How far did the
tree actually grow, and what does this say about the claim “every edge has length ε”?

6.6 Collision checking

The parts below start from qnear = (6, 5), the node produced in Section 6.5, in the same bay.

(a) qrand = (10, 5). Compute qnew and decide whether the extension is accepted. If it is rejected, name
the obstacle and state exactly what the tree looks like after this iteration.
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(b) qrand = (7, 2). Compute qnew and decide whether the extension is accepted.

6.7 Goal test and the goal bias

In each part the goal bias fires, so qrand = qgoal = (11, 1) exactly. The bay and the parameters are unchanged.

(a) qnear = (10, 2). Compute d, qnew and ∥qnew − qgoal∥. Does the algorithm terminate this iteration?

(b) qnear = (10, 4.5). Repeat the computation. Does it terminate?

6.8 Path extraction

A later run in the same bay terminates with the tree tabulated below. Only the parent table is given.

node n0 n1 n2 n3 n4 n5 n6 n7 n8 n9 n10

x 1.00 1.00 2.00 2.00 4.00 3.00 6.00 6.00 6.63 8.43 10.23
y 1.00 3.00 5.00 2.00 8.00 7.00 7.00 5.00 3.10 2.23 1.37
parent — n0 n1 n0 n2 n2 n4 n6 n7 n8 n9

(a) Extract the solution path by following parent pointers. List the nodes in execution order.
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(b) Which nodes are not on the path? Is their presence a bug?

6.9 Behavior under changed parameters

All parts refer to the same bay. Answer in two or three sentences each.

(a) The step size is changed to ε = 0.1, and then to ε = 8. Describe what goes wrong in each case.

(b) The goal bias is set to p = 0, and then to p = 1.0. In each case, is the algorithm still probabilistically
complete, and what does the tree actually do?

(c) RRT is probabilistically complete but not optimal. Define each term precisely, and state which one
RRT∗ changes and how.
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