
CS 4700 Fall 2019 

Homework 2 

 Due:  

Late submission: (50% penalty) 

Consider the problem of taking an 2n x 3m checkboard and “tiling” it with n x m “L trominoes” – pieces that 

fill 3 squares in the following shape  (each possibly rotated) – so that no piece extends over the edge of 

the checkerboard, no two pieces overlap, and collectively the pieces fully cover the checkerboard.  Thus, 

for example, two L trominoes can cover a 2x3 checkerboard in the following two ways: , . 

1. Formulate this as a search problem.  What are the states, operators, initial state, and goal 

condition?  (Be more specific than, say, “Place a tromino” – think about what you would need to 

have specified for it to be clear how it might be mapped into a program. Don’t include removing or 

moving a tromino as an operator.) 

 

States: The board and it’s tiles. More precisely, a list of tuples containing the (x, y) position of the corner 

piece, and the orientation of the piece, or alternatively a list of filled tiles. 

Operators: Place a trominoe in a legal position 

Initial state: The empty board/list 

Goal condition: All of the squares in the board are filled 

 

2. For this part of the question, assume the search method used does not revisit states that it has 

already seen. Further, simplify the drawing by assuming both horizontal and vertical symmetry, and 

omitting repeated states. 

a. Consider the case of a 2x3 board. 

i. Draw the entire search space for this problem.  Do not create multiple copies of 

states that are identical.  If there are multiple paths to the same state, show the 

multiple paths rather than showing an identical state in different parts of your 

diagram. 

ii. Show the order in which states would be visited by depth-first search using 

numbers 1, 2, 3, …. 

iii. Show the order in which states would be visited by breadth-first search using 

Roman numerals I, II, III, …. 

iv. Show the order in which states would be visited by iterative deepening search 

using letters A, B, C, …, Z, AA, AB, AC, …. 

 

 
b. Consider the case of a 3x3 board. 

i. As before, draw the entire search space. 

ii. Show the order in which states would be visited by depth-first search using 

numbers 1, 2, 3, …. 



 
Note: This repeats some equivalent nodes to make it more clear why two nodes are considered equivalent. 

c. Consider the general 2n x 3m case.  (When relevant your answers should be a function of m 

and n.) 

i. Are there cycles in the search space?  Is the search space a tree or a graph?  

Explain. 

There are not cycles in the search space, but there are multiple paths to the same states depending on how 

you place the tiles. This means our search space is a graph but not a tree. 

ii. What is the branching factor for your state space? 

We have at most 6mn possible locations to place a tile, and 4 orientations, so our branching factor is no 

more than 24mn. More precisely, tiles fit in 2x2 boxes, so there are (3m-1)(2n-1)x4 orientations, and the 

branching factor is 24mn - 12m - 8n + 4. More generally, our branching factor is O(mn). 

iii. What is the maximum depth that a search can go to? 

The maximum depth is 2mn, since we have an area of 6mn to fill, and place trominos with area 3 on each 

turn. 

iv. If the board can be covered by L trominoes, Is the first terminal node reached by 

depth-first search guaranteed to be a solution?  Explain. 

No, because there’s no guarantee that DFS picks starts evaluating the path that leads to a solution over 

some other path. 

v. When depth-first search halts, is it the case that every state in the space appears in 

either open or closed?  Explain. 

No, because DFS may not visit every path. 

3. Consider again the general 2n x 3m case.   



a. For this part of the question, assume the search method used does not check for revisited 

states, so it might very well visit states multiple time, if relevant.   

i. Is depth-first search guaranteed to always halt?  Explain. 

Yes, because we do not have cycles. 

ii. Is depth-first search guaranteed to find a solution when one exists?  Explain. 

Yes, because if the first things it evaluates are not valid solutions, then it will  

iii. When breadth-first search halts, is it the case that every state in the space appears 

in either open or closed?  Explain. 

Yes, because the solution is in the deepest path, and so it will visit every node before the solution. 

b. Imagine you were to use hill climbing search on this problem.  Give a function f(s) such that 

the search is guaranteed to find a solution.  Explain. 

3b: To explain my answer first at a high level (this isn’t the only possible way to do it) imagine we start 

numbering the squares column by column, numbering the location [1,1] with 1, then [2,1] with 2, [3,1] with 

3, and so on, continuing on to the next column when you’re done with the column, continuing until the last 

location [2n,3m] gets the value 2n3m.  I’ll explain how you can do this more formally after giving the rest of 

the idea.  To evaluate a state we simply add up the numbers we’ve assigned to whichever entries are set to 

0 (in other words, not covered with a tromino).  The initial state winds up with a value of  

 
c. Imagine using A* search on this problem. 

i. Give an admissible function h(s) for this problem.  (Do not give the trivial answer 

for which h(s)=0 for all states.) 

3c (from Prof. Hirsh): I just asked for an admissible function, not one that is necessarily particularly sensible 

so I’ll be lazy and give one that’s correct but not necessarily particularly deep.  For example, one such 

function is: f(s) = if (goal(s)) then 0 else 1. 

ii. Given this h(s), is h’(s) = 2 x h(s) also admissible?  Explain. 

3cii: This answer will depend on the student’s previous answer, and the answer could be yes or no. For the 

given example, the answer is no, because when we’re one short of the goal h(s) will overestimate the cost. 

 

4: Consider a two-player game version of this task. Players alternate placing one L tromino on the board so 

that it covers three previously uncovered squares. The player to go last wins 

 

4a: Draw the game tree for this game for a 3x3 board. Do not duplicate states that are identical except for 

reflections or rotations – treat them as the same state. (In other words both of these should be treated as 

the same state: .) 



 
The same picture as from 2a, except now the rows alternate colors 

 

4bi: 

 
4bii: One function would be count how many pairs of adjacent squares are both covered. 

Anything that chooses this move will win the game, since otherwise you end up with 3 legal moves 

remaining in the game rather than 2. 



 
 

4c: What is the worst-case branching factor for this game for a 2n x 3m board? Use big-O notation. 

O(mn), like it was previously. 


