
CPS 570: Artificial Intelligence

Homework 2: First-order logic (due October 11 before class)

Please read the rules for assignments on the course web page (http://www.cs.duke.edu/courses/fall17/compsci570/).
Use Piazza (preferred) or directly contact Shuzhi (shuzhiyu@cs.duke.edu), Rui-Yi (ryzhang@cs.duke.edu), or Vince
(conitzer@cs.duke.edu) for any questions. Use Sakai to submit your homework (if you want to use LATEXthat is great,
but if you want to write by hand and submit a clear scan/picture, that is also fine).

1 (40 points).
Convert the following English sentences to first-order logic.

• Every continent that is not Australia or Antarctica is connected to another continent.

• Every person who is smart and studies hard will get a higher score than every person who is not smart and does
not study hard.

• Every thing that walks like a duck and talks like a duck is either a duck or a human imitating a duck.

• A silver medal is worth more than a bronze medal, if they are medals in the same event.

• Every thing that loves all humans is a dog.

• There is a dog that does not love all humans.

• Every thing that is an enemy of some thing that is an enemy of me is a friend of me (“the enemy of my enemy
is my friend”).

• There are at least two points on the world such that if from that point x, you travel one meter north, then one
meter east, and then one meter south, you are back at point x. (Unrelated bonus question (0 points): what is the
set of all of these points?)
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2 (20 points).
Apply resolution to obtain the most general conclusion possible. Write this conclusion both in first-order logic and

in English.

• ∀x, y : LovesTheCombinationOf(John, x, y) ∨MakesSick(x, John) ∨ RuinsTasteOf(y, x)

• ∀v, w : ¬LovesTheCombinationOf(v,Rice, w) ∨ Flavorful(w)

3 (40 points).
Consider again the phrase “the enemy of my enemy is my friend” (stated more precisely above). Suppose this is

true not just for me, but for every thing, that is, for any x, any enemy of any enemy of x is a friend of x. Also suppose
that if x is an enemy of y, then y is an enemy of x. Furthermore, suppose that every x has at least two enemies. Convert
these sentences into first-order logic, and formally prove that every x has at least one friend that is not equal to itself.
(Things can be their own friend/enemy; we also allow for the possibility that something is both a friend and an enemy
(a “frenemy”) of something else.) You may use any reasoning pattern, but try to make your reasoning patterns as basic
and formal as possible.
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