
Homework 2: Problem Solving Problems
Due September 18th at 10pm

Part 1: Sudoku (80 points)
Your goal is to write a Sudoku solver, which is a problem that requires backtracking search con-
straint propagation. If you haven’t played Sudoku before, you should play a few games by hand
before starting. There are lots of Sudoku mobile apps and websites, including sudoku.com and
websudoku.com.

Representing Sudoku
A Sudoku board is a 9-by-9 grid, where each cell is either blank or has a value in the range 1–9.
For this assignment, we’ll use strings of length 81 to represent Sudoku boards, where each block
of nine characters represents a successive row. For example, the following string:

puzzle = "....8.3...6..7..84.3.5..2.9...1.54.8.........4.27.6...3.1..7.4.72..4..6...4.1...3"

Represents the following board:

8 3

6 7 8 4

3 5 2 9

1 5 4 8

4 2 7 6

3 1 7 4

7 2 4 6

4 1 3

Here are some more examples:

".43.8.25.6.............1.949....4.7....6.8....1.2....382.5.............5.34.9.71."
"2...8.3...6..7..84.3.5..2.9...1.54.8.........4.27.6...3.1..7.4.72..4..6...4.1...3"
"..3.2.6..9..3.5..1..18.64....81.29..7.......8..67.82....26.95..8..2.3..9..5.1.3.."
"1..92....524.1...........7..5...81.2.........4.27...9..6...........3.945....71..6"

Your first task (described in more details below) is to parse strings that represent Sudoku boards.
You may assume that all strings represent solvable boards and that the string has exactly 81 char-
acters.

Solving Sudoku puzzles is much harder, but we’ll walk you through it.
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https://www.sudoku.com
https://www.websudoku.com


Sudoku as a search problem
To solve a Sudoku puzzle, we can use backtracking search. The intuition is that we guess a value
for a square, and see if any conflicts arise. If they do, we undo that guess and eliminate the number
as a possible value for that square.

Backtracking search is a recursive algorithm that operates as follows. Given a Sudoku board B:

• If B is already filled completely, return the solution.
• If B is an invalid board (e.g., two 2s in a row), abort.
• Otherwise, select one cell that is not filled in, generate a list of boards that fill in that cell

with a number. For each generated board, recursively apply the search function:
– If any board produces a valid solution, return that board
– If no board produces a solution, abort and return

This approach will work in principle. But, in practice there are too many boards to search: there
are 81 squares, and each square can hold 10 values (a digit or blank). Therefore, there are 1081

possible boards, which is an enormous number.

Solving Sudoku with constraint propagation
To actually solve Sudoku problems, we need to combine backtracking search with constraint prop-
agation. When you play Sudoku yourself, every time you fill a digit into a cell, you can eliminate
that digit from several other cells.

For example, if you fill 2 into the top-left corner of the board above, you can eliminate 2 from the
first row, first column, and first box. i.e., there is no point even trying to place 2 in those spots,
since the 2 in the corner constrains those cells.

Another trick is to pick a good search strategy. If we start with the cell that has the most con-
straints (most numbers eliminated), we will have fewer possibilities to consider.

Augmenting backtracking search with constraint propagation implements this intuition. The key
idea is to store the list of values that may be placed in a cell, instead of only storing a single value
in a cell. For example, on the empty board the values 1—9 may be placed at any cell:

123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789
123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789
123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789

123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789
123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789
123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789

123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789
123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789
123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789

With this representation, when we place a value at a cell, we eliminate it from the other cells in the
same row, column, and box (collectively known as the peers of a cell). For example, if we place 5
at the top-left corner of the empty board, we eliminate 5 from its peers as follows:
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5 1234 6789 1234 6789 1234 6789 1234 6789 1234 6789 1234 6789 1234 6789 1234 6789
1234 6789 1234 6789 1234 6789 123456789 123456789 123456789 123456789 123456789 123456789
1234 6789 1234 6789 1234 6789 123456789 123456789 123456789 123456789 123456789 123456789

1234 6789 123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789
1234 6789 123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789
1234 6789 123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789

1234 6789 123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789
1234 6789 123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789
1234 6789 123456789 123456789 123456789 123456789 123456789 123456789 123456789 123456789

This procedure will significantly reduce the number of boards that need to be visited.

Programming Task
The starter file defines a class called Board that represents a Sudoku board. This class has a con-
structor that you should not change and a method that displays the board as a grid.

It also has several methods for you to fill out. I suggest implementing them in the following order:

1. Implement the peers function. peers(r, c) produces the coordinates of all cells in the same row
as r, same column as c, and same block as (r,c). Note that (r,c) is not a peer of itself.

2. Implement parse.You should assume that the input string has exactly 81 characters, where
each character is a digit or a period. Each successively block of nine characters represents a
row (i.e., row-major order).
As the starter code suggests, you need to store the set of available values at each cell (NOT
the value of the cell). The empty board is a dictionary with all values available in all cells.
Start by writing a version of this function that initializes the board with an empty dictionary.
After you implement Board.place, you’ll be able to use this function to update the empty
board with any filled-in digits.

3. Implement Board.valueAt. You should produce the digit stored at the given row and column
or None if it is blank or has multiple available values.

4. Implement Board.place. The call board.place(row, col, value) updates the board with value
placed at (row, col) of board.
To produce the updated board, you’ll have to:

(a) Remove value from set of available values of each peer of (row, col).
(b) While doing (1), if a peer is constrained to exactly 1 value, then recursively apply place

to that peer.
(c) If there is already only 1 value at (row, col), there is no new information to propagate,

so you can just return.
5. Update your parse function to use Board.place for digits that are pre-filled in the grid.

If you implement all of the above, your parse will solve some boards that are nearly filled in. Next
week, we will expand our program to solving more complicated boards. The starter code includes
some tests with boards that you should be able to solve.
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Part 2: Reading Reflections
These questions ask you to reflect on Chapter 1 of You Look Like A Thing And I Love You.

Question 1 (10 points)
In Chapter 1, Shane discusses four signs of AI doom: indications that a problem is not amenable
to AI. But right now, whether we like it or not, many, many people are trying to solve problems
with AI.

Consider three plausible contemporary scenarios of automating grading in a university:

(1) The computer science department is currently overwhelmed with the number of students who
would like to take CS courses. In order to increase the number of students who can take Intro CS,
the instructor team decides to use autograding for all assignments. The autograder uses the same
test suite that the human instructors used to use to assess whether a program executes correctly.
However, it cannot give feedback on programming style.

(2) The philosophy department is concerned about implicit bias in grading essays. Perhaps in-
structors are swayed by their own preferences or beliefs when assessing student work. Moreover,
philosophy, like CS and many STEM fields, is a discipline that is heavily white and male. To
combat the possibility of implicit bias in grading, the philosophy department trains an algorithm
to grade essays, using samples of student work from previous years.

(3) The psychology department would like to offer a more flexible Intro to Statistics course. Cur-
rently, the course requires students to program in R, annoying students who prefer Python or Mat-
lab. To relax this requirement, the department builds a system that translates code from these
languages into R so that they can grade all submissions using their R test suite. To train this
system, they scrape programs from Github, which may or may not include statistical analysis.

Discuss which of Shane’s four signs of AI doom apply to each scenario.

Question 2 (10 points)
Compare and contrast the appropriateness of the use of technology in these scenarios.
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