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1. Approximation of harmonic numbers

• Recall that nth harmonic number Hn is 1 + 1

2
+ · · · + 1

n

• We can prove that ln(n + 1) ≤ Hn ≤ lnn + 1. For an idea of the
proof, see:

http://www.brpreiss.com/books/opus4/html/page44.html

• Note that for large values of n, lnn very closely approximates
Hn.

• It also shows that Hn = Θ(log n)

2. Stirling’s approximation:

• n! ≈
√

2πn(n

e
)n.

• This is a holy and a very useful thing to remember.

• If someone makes an algorithms that takes Θ(log n!), and some-
one with time complexity Θ(n log n), then both algorithms are
equally good from theoretical perspective.

• Proof is involved (and I do not know it.)

3. See it and move to the next section:

•
(

n

k

)

≈ (
ne

k
)k.

4. Distribution of primes:

• Number of primes between 1 and n, denoted by π(n) approxi-
mately equals n

ln n

• What it implies is that there are a lots of primes around.

• If you want, say a prime number of 50-55 digits, then the most
efficient practical method we know is: Take a 50-55 digit number,
test if it is prime (we know a fast way of testing if it is prime).
If it is prime, good. Otherwise take another 50-55 digit number
and test it for primality. Go on till you succeed.
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• There is a cryptographic algorithm called RSA which requires
prime numbers of specified digits. It uses above method.

5. Ramsey’s theorem:

• Complete disorder is not possible. If you try to be too disorderly,
then order to avoid any order, you have to impose some order on
you. Eg. if you have n + 1 objects to distribute among n people,
then you cannot be so disorderly such that none of the people get
at least 2 objects.

• Ramsey’s theorem is a sort of generalization of pigeonhole prin-
ciple. Ramsey was an English Mathematician and died at age of
26.

• Let us draw complete graphs and color each edge with either
green or red. Let us call a graph green it is complete and all
of its edges are colored green. Let us call a graph red if it is
complete and all of its edges are colored red. Let us call a graph
red-green if it is complete and each of its edges is colored either
red or green (different edges maybe colored differently)

• Ramsey’s theorem says: Give me any a, b ≥ 1, I can give you
a number R(a, b) such that whatever red-green graph you draw
with R(a, b) or more edges, it will either contain as a subgraph
a red graph of size a or a green subgraph of size b. Moreover,
R(a, b) is the minimum number with this property.

• Proof is by induction. We did it in class. You can see it from

http://en.wikipedia.org/wiki/Ramsey’s_theorem

(You need to see only 2 color case)

• There is no closed formula known for R(a, b) We know that R(3, 3)
is 6 and that R(4, 4) is 18. R(5, 5) and R for other higher argu-
ments is not known.
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