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1. (18 pts total) Concisely and precisely describe “repeated random sampling”, “stratified k-fold CV"]
and “LOOCYV” for accuracy estimation, and briefly describe their pros and cons, respectively.

2. (3 pts each, 18 pts total)Consider a binary-class classification problem, where there are equal
numbers of positive and negative examples in the data set. Also suppose that the class label (i.e. +/
is totally randomly assigned to these examples. Now for the following two classification models,
estimate their test accuracies based on different estimation methods.

() A perfect decision tree model trained from the training data without pruning.

(a) Repeated random subsampling method, in which 2/3 of data for training, the rest for testing.
Test Accuracy = ?

(b) Stratified 10-fold CV.
Test Accuracy = ?

(c) LOOCV.
Test Accuracy = ?

(i) A majority predictor model trained from the training data that always predicts the majority class inf

training data.

(a) Repeated random subsampling method, in which 2/3 of data for training, the rest for testing.
Test Accuracy = ?

(b) Stratified 10-fold CV.
Test Accuracy = ?

() LOOCY.
Test Accuracy = ?

3. (14 pts total) Explain the need for “inductive bias” for inductive learning, and give two examples of
inductive bias.
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1. [15%] Given the map below, we want to find a path from K to R. Consider only graph search, 1B

cach state is visited at most once in the search process. For equally preferred nodes, generate and

expand them in alphabetical order.

(a) [4%] List the states expanded, in the correct order, if we use breadth-first search (BF S). What is
the solution path?

(b) [4%] List the states expanded, in the correct order, if we use uniform-cost search. What is the
solution path?

(c) [4%] Show the process of A* search with the straight-line distance as heuristic. What is the
solution path?

(d) [3%)] Does iterative-deepening search (IDS) yields the same path as BFS? If yes, then what is the
advantage of using IDS instead of BFS?

K\
125 c |13

90 F

straight-line distances = 20
F{J|K|R]|S 70 J

C|15|25|115| 70| 55
F 20 [130| 65 | 65 170 60
J 125/ 50 | 60
K 160| 70
R 100 E

2. [10%] Here is a 2-ply game tree with values of the evaluation function shown for the leaf nodes. It

is now the turn of MAX to make a move.

(a) Give the minimax values of all the non-leaf
nodes in this game tree.

(b) According to (a), which action should
MAX take? MIN E

(¢) When a-f pruning is used, determine
which of the nodes won't be checked. (The
order of node checking is left to right.)

MAX
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3. [10%] Crossword puzzle is a very popular word game.
A player has to fill in the blanks so that the letters in
each set of vertically or horizontally consecutive blanks
form an English word. Usually hints are provided for

the words, but we will ignore hints in this problem. An
example crossword puzzle is shown below together

with a possible solution (note: Solution is not unique
without hints). ‘

Consider the following two options for formulating a crossword puzzle as a constraint satisfaction
problem (CSP):
Option 1: Treat each blank as a variable (resulting in 30 variables in the example).

Option 2: Treat each set of vertically or horizontally consecutive blanks as a variable (resulting in 7
variables in the example).

Now, answer the questions below:

(a) [3%)] For Option 1, clearly specify the domain of the variables and the constraints. You need to
state the constraints using your variables, not just the general game rule.

(b) [3%] Repeat (a) for Option 2.

(c) [2%] Name a common heuristic used when solving CSPs with search, and give an example of how
it can be applied to the problem here (use either options above).

(d) [2%] Provide a brief discussion on which formulation might be better for finding a solution
computationally. You only need to be reasonable.

4. [15%] Consider the snapshot (shown to the right) of a (4x4) minesweeper
game. Let A, B, C, D and E be propositional symbols representing whether
mines exist at their locations.

(a) [S%] Write down the propositional logic sentences according to the game
rule, that is, a number at a location indicates the count of mines among its 8
neighboring locations.

(b) [5%] Convert the sentences to conjunctive normal form.

(c) [5%] Try to determine their truth values by repeatedly applying the
resolution inference rule.
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