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Your proofs are an argument in which you try to convince the reader of your claim. As
such your proofs should follow basic english writing rules and flow logically. This document
outlines a few specific ideas related to english writing (style), and logical flow (formality),
and specific ideas to keep in mind when writing.

Style

Your proof should use complete grammatically correct english sentences, starting with
capital letters, and ending in periods. Do not replace words with symbols inside sentences.
For example, “∃ a pancake stack y that is ∈ our set y” is gross. You should use formulas
for functions and equations, but try to make statements in english. Avoid acronyms if you
can. On tests, acronyms are fine because of time constraints. On homeworks, acronyms
such as “WLOG”, “AFSOC”, “IH”, “IS” are ugly, and frequently specific to CMU.

Formality

Your argument should not ignore any cases, skip any important details, make significant
jumps (handwaving), or rely on intuition. To some extent, you do not need to formalize
as much as you did in 151/127. For example, if f(1) = 1 and f(x+ 1) = 2 ∗ f(x), you may
state “By induction, f(x) = 2x”. The induction for this is so simple that we assume you
know how to do it. Be wary of things that seem obvious. For example, if we are allowed
to flip any contiguous set of pancakes, the stack 214365. . . seems like it should require one
flip for each pair, but this is not trivial.

Specific issues

Proofs, Not Derivations. Your proof should be a proof; no more, no less. If (for exam-
ple) you solved the problem by writing out some small cases and noticing a pattern, then
proving by induction, your write-up should include:

• Your proof by induction, including as many base cases as are necessary (but no
more), your induction hypothesis, and induction step.
• Optional: a brief overview of the concepts in your proof, as an introduction.

Your write-up should not include:

• An explanation of how you figured out the pattern, e.g. “I looked at these small
cases and noticed a pattern so I proved it by induction as follows below.”
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• A list of examples of inputs your proof works on. Your proof should work on all
inputs, so it is not necessary to demonstrate by exhaustion, for instance, that your
proof is valid for k ∈ [5], since you’re about to prove k ∈ N anyway. (Unless, of
course, your main proof only works for k > 5. The point is, don’t put in small
examples unless they’re useful.)

Also on this topic: it is poor style to begin with the claim you are trying to prove, reduce
it to something true, put in⇐⇒s at every step and say “since these steps are all reversible,
the claim holds.” It is certainly a way to solve the problem, but when writing up the
solution (especially in LaTeX where you can easily reverse your steps), it is much better
to begin with something true and show how that implies what you are trying to prove.

Proof By Contradiction. A common mistake is to wrap a direct proof in a contradiction.
That is, begin with “Assume for the sake of contradiction P ,” where P is some proposition
you are trying to disprove. Then you proceed to disprove it–without ever relying on the
assumption that P is true–and show that P is false, and state “P cannot be both true and
false; therefore, contradiction.” However, since this proof never used the assumption that
P was true, it could have easily been written as a direct proof that just proved P was false.

Proofs by induction. We assume that you have done basic proofs by weak and strong
mathematical induction. In general, we do not need to see many details for the induction
on these proofs. For instance, on pancake problems, the following is a sufficient argument
for an upper bound by induction:

I will prove by strong induction that P (n) ≤ 123n. Note that the base cases
of 1 and 2 hold.
Induction step: take an arbitrary stack of size n. If we do ... to the stack,
then we see we have reached a stack of size n− 1 or n− 2 in 123 steps.

Induction with objects of a certain size. In many of the proofs you have done in
previous classes, you were proving something about the number n by induction on n. In
this class, you are frequently proving something about objects of size n, so the structure
has to change a little. Specifically, do not take an object of size n, add something to it, and
prove something about the resulting object. The problem with this argument is that you
aren’t guaranteed to hit every possible object of size n + 1. Consider the following proof:

I will prove by induction on n that every graph with minimum degree 1 is
connected. The base case of n = 2 is trivial. Take an arbitrary graph G of
size n, which we know to be connected by the induction hypothesis. Add
a node q to G to form G′. We know the degree of q must be greater than
or equal to 1, so there must be an edge containing q and a node from G.
Since G is connected and q is connected to G, G′ must be connected.

One way to get around this issue is to prove that you do hit every possible object of size
n+ 1. Such an argument is tedious and difficult to prove formally, so instead we approach
the induction as follows: Take an arbitrary object of size n+1. Perform some operation on
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it to create an object of size n. Apply the induction hypothesis to this new object. Relate
this result to the object os size n + 1.

Structural induction. Structural induction not the same thing as induction on objects
of a certain size. It applies when your objects are equivalent to datatypes from SML.
Binary trees are the canonical example of objects that we can use structural induction on.
See http://www.d.umn.edu/~ddunham/cs3512s10/notes/l10.pdf for more details.

http://www.d.umn.edu/~ddunham/cs3512s10/notes/l10.pdf

	Style
	Formality
	Specific issues
	Proofs, Not Derivations
	Proof By Contradiction
	Proofs by induction
	Induction with objects of a certain size
	Structural induction


