
CS 188
Fall 2022 Midterm Review CSPs Solutions
Q1. CSPs: Graph Coloring
In this question we are considering CSPs for map coloring. Each region on the map is a variable, and their values
are chosen from {black, gray, white}. Adjacent regions cannot have the same color. The figures below show the
constraint graphs for three CSPs and an assignment for each one. None of the assignments are solutions as each
has a pair of adjacent variables that are white. For both parts of this question, let the score of an assignment
be the number of satisfied constraints (so a higher score is better).

(1) (2) (3)

(a) Consider applying Local Search starting from each of the assignments in the figure above. For each succes-
sor function, indicate whether each configuration is a local optimum and whether it is a global optimum
(note that the CSPs may not have satisfying assignments).

Successor Function CSP Local optimum? Global Optimum?

Change a single variable

(1) Yes No Yes No

(2) Yes No Yes No

(3) Yes No Yes No

Change a single variable, or a pair of variables

(1) Yes No Yes No

(2) Yes No Yes No

(3) Yes No Yes No
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Q2. CSPs: Apartments
Four people, A, B, C, and D, are all looking to rent space in an apartment building. There are three floors in
the building, 1, 2, and 3 (where 1 is the lowest floor and 3 is the highest). Each person must be assigned to some
floor, but it’s ok if more than one person is living on a floor. We have the following constraints on assignments:

• A and B must not live together on the same floor.

• If A and C live on the same floor, they must both be living on floor 2.

• If A and C live on different floors, one of them must be living on floor 3.

• D must not live on the same floor as anyone else.

• D must live on a higher floor than C.

We will formulate this as a CSP, where each person has a variable and the variable values are floors.

(a) Draw the edges for the constraint graph representing this problem. Use binary constraints only. You do
not need to label the edges.

A B

C D

(b) Suppose we have assigned C = 2. Apply forward checking to the CSP, filling in the boxes next to the
values for each variable that are eliminated:

A ■ 1 □ 2 □ 3

B □ 1 □ 2 □ 3

C □ 2

D ■ 1 ■ 2 □ 3

(c) Starting from the original CSP with full domains (i.e. without assigning any variables or doing the forward
checking in the previous part), enforce arc consistency for the entire CSP graph, filling in the boxes next
to the values that are eliminated for each variable:

A ■ 1 □ 2 □ 3

B □ 1 □ 2 □ 3

C □ 1 □ 2 ■ 3

D ■ 1 □ 2 □ 3

(d) Suppose that we were running local search with the min-conflicts algorithm for this CSP, and currently
have the following variable assignments.

A 3
B 1
C 2
D 3

Which variable would be reassigned, and which value would it be reassigned to? Assume that any ties are
broken alphabetically for variables and in numerical order for values.

A is reassigned value 2.
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