
Math 181 (section C1) Quiz 2 (Solution) Fall 2012

1. (5 points) How many 4-digit PIN numbers are there:

(a) that contain no zero, if the digit can be repeated?
Since we can’t use the zer, then we have 9 choices for each of the positions
of the PIN, so the total number of PIN by the fundamental principal of
counting is 9 · 9 · 9 · 9 = 94 = 6561.

(b) that contain no zero, if the digit cannot be repeated?
Similar to part (a), here the repitition is not allowed, so we have 9 choices
for the first position, 8 choices for the second position because we have
already used one for the first one, 7 choices for the third position because
we have already used 2 out of 9 for the first two positions and finally we
have 6 positions for the fourth position, so we have

9 · 8 · 7 · 6 = 3024

(c) start with zero, if the digit cannot be repeated?
Here we have only one choice for the first position which is the zero, then
for the second position we have 9 choices because we’ve already chosen the
zero for the first position, therefore we have similar to the above:

1 · 9 · 8 · 7 = 504

(d) start with 0,1 or 2, if the digit can be repeated?
Here we have 3 choices for the first position which are 0,1 or 2. For the
second, third and fourth we have 10 choices which are any of 0, 1, · · · , 9
because we can repeat the digits, therefore we have in total:

3 · 10 · 10 · 10 = 3000

(e) start with 0,1, or 2, if the digit cannot be repeated?
Again here we have 3 choices for the first position which are 0,1 or 2. For
the second position we have only 9 choices because we have already used
one for the first position. For the third we will have now 8 choices and for
the fouth we will have 7 choices, so the total number of PIN in this case
is:

3 · 9 · 8 · 7 = 1512
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2. (1 point) How many Hamiltonian circuit are there in a complete graph with 6
vertices?
In the lecture, we have seen that a complete graph with n vertices has (n− 1)!
Hamiltonian circuits, therefore for n = 6, we will have (6− 1)! = 5! = 5 · 4 · ·3 ·
2 · 1 = 120. 2

3. (4 points) Find a minimum-cost Hamiltonian circuit in the following graph
starting at vertex a.

Let us first the sorted-edge algorithm to find a minimum-cost Hamiltonian cir-
cuit, so we start by sorting the edges in an increasing order, so we get the
list

1, 2, 3, 5, 6, 7, 8, 9, 10

Now we pick the edge e → d of cost 1, then b → e of cost 2, then a → b of
cost 3. Now we can’t pick the arrow e → c of cost 5 because we will have 3
edges in vertex e. So we skip it and we pick the arrow d → c of cost 6 and
finally we can’t pick the arrow a→ e of cost 7 because we will have 3 edges at
e. The total cost for this Hamiltonian circuit is 1 + 2 + 3 + 6 + 8 = 20 and it is:
a→ b→ e→ d→ c→ a.

Now let us use the nearest-edge algorithm which we pick up first the edge
a→ b of cost 3 because it is the cheapest edge connecting a, after that we pick
b→ e of cost 2, then e→ d of cost 1 , then d→ c of cost 6 and finally we pick
c→ a of cost 8. We will get the same Hamiltonian circuit as in the sorted-edge
which is a→ b→ e→ d→ c→ a.

The third method to find a minimum-cost Hamiltonian circuit is by brute force
to generate all the Hamiltonian circuit and choose the minimum one, but that
will need to construct (5 − 1)! = 4! = 24 Hamiltonian circuits and find the
minimum-cost one which we will not do it here. 2
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