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deadline.
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scan or take pictures of the pages to make your submission. You may also fill out this template digitally (e.g. using a
tablet.)
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Q1. [3 pts] Robot in a Factory
Suppose a factory floor has width 𝑊 and length 𝐿. There are 𝑃 packages on the factory floor at the start. The robot is able to
move North, South, East, or West on the floor.

(a) [3 pts] For this subquestion only, the position of the robot is known, and it wants to pick up all 𝑃 packages in the factory.
However, the robot can move North at most 2 times overall.
What is the minimal size of the state space for this problem? Write your answer in the box as a product of terms that
reference problem quantities (such as, but not limited to, 𝑊 , 𝐿, and 𝑃 ). You may also use constants as part of your
expression. For each term in your expression, also state the information it encodes. For example, you might write "4×𝑊𝐿"
and write "number of directions" under the first term and "robot’s position" under the second term. You will receive partial
credit for a complete but non-minimal state space.

𝑊𝐿 × 2𝑃 × 3.
Robot’s position, a boolean vector representing whether a certain package has been picked up, and the number of times
the robot has moved North (could be 0, 1, or 2).

Q1(a) Self-Assessment - leave this section blank for your original submission. We will release the solutions to this
problem after the deadline for this assignment has passed. After reviewing the solutions for this problem, assess your
initial response by checking one of the following options:

# I fully solved the problem correctly, including fully correct logic and sufficient work (if applicable).
# I got part or all of the question incorrect.

If you selected the second option, explain the mistake(s) you made and why your initial reasoning was incorrect (do not
re-iterate the solution. Instead, reflect on the errors in your original submission). Approximately 2-3 sentences.
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Q2. [10 pts] Pacman Goes to School!
Pacman lives far from his university, so he decides to model his daily commute as a search problem. He imagines the city of
Berkeley as an 𝑀 by 𝑁 square grid, where his apartment is the top left square; his goal is to reach Dwinelle Hall, located in the
bottom right square in the fewest number of timesteps. He can move left, right, up, or down, as long as he stays within the grid.

There is a single fixed bus route on the grid, where a bus travels in a loop at a constant rate of three squares per timestep. Any
square along this route is a valid bus stop. Pacman knows the bus route, and if he’s on the same square as the bus, he can hop
on and travel at a rate of three squares per timestep along the bus route. He can stay on the bus for any number of timesteps
and get off at any square adjacent to the route. However, Pacman’s Clipper card only allows one ride per commute, so he can
only board and disembark from the bus route at most once during his trip.

Below is an example initial state on a 6 by 6 grid. The arrows represent the bus route. Note that this is just an example route, and
the actual bus route may vary. For the following questions, consider the general case, not this specific example. Additionally,
consider each part separately (i.e., do not carry over assumptions).

(a) [2 pts] Which of the following are admissible heuristics? Select all that apply.

□ The Manhattan distance between Pacman and the university.
■ The Manhattan distance between Pacman and the university divided by 4.
□ The Manhattan distance between Pacman and the bus.
□ The Manhattan distance between the closest bus stop to Pacman and the university.
□ None of the above.

A. Not admissible: Pacman can reach the university in fewer timesteps than the actual number of spaces between if he
takes the bus.

B. Admissible: At best, Pacman could reach the university by moving 3 spaces per timestep if he rides the bus the
whole way. Thus, this heuristic underestimates the true cost of reaching the university.

C. Not admissible: Consider the case where Pacman is already next to the university; the best path may not involve
Pacman’s distance to the bus.

D. Not admissible: Consider the case where Pacman is already next to the university; the best path may not involve
Pacman’s distance to any bus stop.

(b) [2 pts] Suppose Pacman knows there is at least one bus stop adjacent to the university. Which of the following are
admissible heuristics? Select all that apply.

□ The Manhattan distance between Pacman and the bus.
□ The Manhattan distance between the bus and the stop next to the university divided by 3.

□ 1
3 for all states.

□ The minimum of the above heuristics.
■ None of the above.
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A. Not admissible: The bus could be far from Pacman, while Pacman could be right next to the university.
B. Not admissible: The bus travels a fixed route, and its distance from the university does not represent how close

Pacman is to his goal.
C. Not admissible: The heuristic’s value at the goal state must be 0 for admissibility, even though it underestimates

everywhere else.
D. Not admissible: The minimum would be admissible if one of the heuristics reached 0 at the goal state, because the

third heuristic underestimates everywhere except the goal state; however, since none of them do, the minimum is
still not admissible.

(c) [2 pts] Suppose that there are 𝐵 different buses with their own routes. Pacman can now ride the bus multiple times, but
he must also ride a bus at least once. Which of the following are admissible heuristics? Select all that apply.

■ The minimum of the Manhattan distances between every bus stop and the university, and Pacman and the
university.
□ The number of times Pacman has ridden the bus so far.
□ The Manhattan distance from Pacman to the closest bus stop plus the distance from that bus stop to the university
divided by three.
□ None of the above.

A. Admissible: Because Pacman must now ride a bus at least once, he must at least travel the Manhattan distance from
the closest bus stop to the university at some point. After arriving at the bus stop, the Manhattan distance between
Pacman and the university becomes the minimum number of steps necessary to reach the goal. The combination of
these two is an admissible heuristic.

B. Not admissible: The number of times Pacman has ridden the bus is not indicative of how close Pacman is to reaching
the goal state.

C. Not admissible: Once Pacman has already ridden the bus to the university, this is an overestimate because it recal-
culates the distance from Pacman to the closest bus stop even when he could go straight to the university.

(d) [2 pts] Suppose Pacman now wants to work out at the RSF (the campus gym), located in the bottom left square of the grid.
It doesn’t matter if he goes before or after reaching the university, but he must visit both locations. Below is an example
initial state with the RSF represented by a dumbbell in the bottom left corner:

Which of the following are admissible heuristics? Select all that apply.

■ The minimum of the Manhattan distances between Pacman and the RSF, the RSF and the university, and Pacman
and the university, divided by 3.
□ The sum of the Manhattan distances between Pacman and the RSF, the RSF and the university, and Pacman

and the university, divided by 3.
□ The maximum of the above heuristics.
□ None of the above.
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A. Admissible: From any space, Pacman is heading to either the RSF or the university, so the minimal Manhattan
distance between him and either (divided by 3 assuming he could take the bus the whole way) is less than or equal
to the timesteps necessary to reach a goal state.

B. Not admissible: Since Pacman only needs to reach either the RSF or the university before going to the other, summing
the distance between Pacman and the RSF with the distance between Pacman and the university overcounts by a
factor.

C. Not admissible: Generally, the maximum of admissible heuristics would be admissible, but since one of them is not,
the maximum isn’t.

(e) [2 pts] Suppose Pacman and his friend Xavier want to go to the university together today. Xavier lives in an apartment in
the top right corner of the grid and wants to meet up with Pacman somewhere before they move together to the university.
Assume that Xavier moves independently from Pacman, one space per timestep, and that they must meet in another square
before either of them can go to the university. Xavier cannot take the bus, with or without Pacman (although Pacman can
still take it alone). In this updated search problem, you can control both Pacman and Xavier.
Below is an example initial state with Xavier’s apartment in the top right corner. Xavier is currently in his apartment:

Which of the following are admissible heuristics? Select all that apply.

□ The Manhattan distance between Pacman and Xavier divided by 2.
■ The Manhattan distance from Xavier to the university.
■ The Manhattan distance from Pacman to the university divided by 3.
□ None of the above.

A. Not admissible: Pacman traveling by bus could move toward Xavier faster than Xavier can move toward Pacman,
making this an overestimate, since it assumes they move towards each other at the same rate.

B. Admissible: Because Xavier can’t take the bus, he must at minimum move exactly the number of spaces between
himself and the university at a rate of 1 space per timestep to reach the university.

C. Admissible: Wherever Pacman is in the grid, he must at minimum reach the university to end the search, so this is a
relaxation of the problem where he just goes straight to the university via bus and ignores ever meeting Xavier. The
solution to a relaxed problem is admissible.
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Q2 Self-Assessment - leave this section blank for your original submission. We will release the solutions to this
problem after the deadline for this assignment has passed. After reviewing the solutions for this problem, assess your
initial response by checking one of the following options:

# I fully solved the problem correctly, including fully correct logic and sufficient work (if applicable).
# I got part or all of the question incorrect.

If you selected the second option, explain the mistake(s) you made and why your initial reasoning was incorrect (do not
re-iterate the solution. Instead, reflect on the errors in your original submission). Approximately 2-3 sentences for each
incorrect sub-question.
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