CSE 513T Theory of Artificial Intelligence & Machine Learning February 5, 2015

Homework 2
Instructor: Brendan Juba Due: February 19, 2015

Reminder: You may work in groups of three. Be sure to properly cite any sources you use.

1. Learning Decision Trees. This exercise concerns the current state-of-the-art for PAC-
learning of decision trees.

(a) Exercise 2.2 in Kearns & Vazirani.

(b) Prove that decision trees of rank k on n attributes in which each attribute is read at most
once on any path have at least 2* leaves and at most n* leaves. (Hint. Use induction
on the rank.)

(c) Conclude, on account of 1b that any such decision tree of size S has rank at most
O(log S), and hence it follows from 1a that decision trees are PAC-learnable in “quasipoly-
nomial time,” i.e., time 2poly(logn.logSlogl/elog1/d) (You may use the fact that the total
number of nodes of a binary tree is always twice the number of leaves minus one.)

2. Calculating the VC dimension of Decision Lists. Exercise 3.3 in Kearns & Vazirani.

3. Agnostic learning of conjunctions—first cut. In lecture, we saw the Elimination Al-
gorithm for learning conjunctions in the standard (realizable) PAC-learning model. In this
problem, we will develop and analyze an algorithm for learning conjunctions in the agnostic
learning model with some limited tolerance to adversarial noise. Specifically, we will develop
a polynomial-time algorithm such that if there is some conjunction ¢* such that for the target
concept ¢, Pryeple(x) = ¢*(x)] > 1 — ¢, then our algorithm produces a conjunction h such
that Pryeplc(z) = h(z)] > 1 — O(ne) with confidence 1 — .

(a) First, show why the Elimination Algorithm as given does not provide such a guarantee.

(b) Next consider the following “tolerant” version of the Elimination Algorithm: it only
deletes a literal ¢ from h if ¢(x) = 0 and ¢(z) = 1 on more than pm out of the m examples.
Use the multiplicative form of the Chernoff bound (Kearns & Vazirani, Theorem 9.2) to
determine how many examples we need to ensure that with probability 1 —4, £ is deleted
unless Pryecpll(z) =0 and ¢(z) = 1] < 2pu.

(¢) Specify values of ;1 and m and prove that the tolerant Elimination Algorithm produces
a final hypothesis with error at most O(ne) with confidence 1 — § for these parameters,
given only that some ¢* achieves an error rate of at most e. (Hint. To choose p,
consider the following. Suppose that we now say that a literal is “bad” if Pryep[l(x) =
0 and c(x) = 1] > 2u. What is the error if no literals are “bad?” When is it safe to
eliminate a literal?)



