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First I observed that, for Hamiltonian circuits, the starting point does not matter and any point could be considered as the starting point.

For the first circuit, I considered A as the starting point. I found the following Hamiltonian circuits:
1. A-B-C-F-E-D-A

2. A-B-D-E-F-C-A

3. A-C-B-D-E-F-A

So, there are 3 Hamiltonian circuits. If the starting point and the direction matter, than there are (3 * 2 * 6 =) 36 circuits (2 – because there are 2 directions on each path, and 6 – because there are 6 starting points).
For the second circuit, I found the following paths:
1. A-B-C-D-H-G-F-E-A
2. A-B-C-D-H-F-G-E-A

3. A-B-C-G-F-E-H-D-A

4. A-B-C-G-E-F-H-D-A

5. A-B-F-E-H-G-C-D-A

6. A-B-F-H-E-G-C-D-A

7. A-B-F-H-D-C-G-E-A
8. A-B-G-C-D-H-F-E-A

9. A-E-F-B-C-G-H-D-A

10. A-E-H-F-B-G-C-D-A
11. A-E-H-F-G-B-C-D-A
12. A-E-H-D-C-G-F-B-A

13. A-D-C-B-F-G-H-E-A
14. A-D-C-B-F-H-G-E-A

15. A-D-H-G-C-B-F-E-A

16. A-D-H-F-B-C-G-E-A

Here I obtained 16 solutions. If the direction and starting point are considered, then there are (16 *2 * 8 =) 256 solutions.
Now, for the salesman’s problem, he must return home. This is a classical problem, known under the name TSP (Travelling Salesperson Problem). Because usually there are a lot of cities to be visited, and consequently a lot of routes (if n is the number of cities, than there are (n-1)!/2 routes, as explained at the end of the solution), it is impossible to investigate all closed paths, where the starting and finishing points are the same, to count distances and to choose. There are some algorithms for this type of problem, the Nearest Neighbour Algorithm and the Cheapest Link Algorithm. I’ll apply them both, and compare the result with the counted distances.

Nearest Neighbour Algorithm
The Nearest Neighbour Algorithm works as follows:
1. Choose any city as a starting point. Call this city 'a'.
2. Visit the nearest city to city 'a', which we shall call city 'b'. City 'b' becomes the 'current city'.
3. Visit the nearest city to city 'b' which has not yet been visited - city 'c'. City 'c' is now the 'current city'.
4. As per point 3, repeatedly visit the nearest unvisited city to the current city until all cities have been visited once. 
5. Once all cities have been visited once, return from the last city to have been visited to the starting city - city 'a'.
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In conclusion, using the Nearest Neighbour Algorithm I have found a minimum distance of 480 units. 

Cheapest Link Algorithm
The Cheapest Link Algorithm works as follows:

1. Find the shortest distance between any two cities. Record the distance and the cities. 

2. Of the remaining distances, find the shortest distance between any two cities. Add this distance to the distance found in step 1. Record the cities. 

3. If a city has been listed twice, cross it off of the mileage chart. This city and the distances from it can no longer be used. 

4. Of the remaining distances and cities, find the shortest distance between any two cities without forming a circuit. Add this distance to the total distance. Record the cities. 

5. Repeat steps 4 and 5 until all cities have been accounted for. 

Applying this algorithm to the problem, I obtain:
BC
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Total: 490

So, the shortest path found using the cheapest link algorithm is 490 units.

For this problem, there are 3! = 6 possible Hamilton circuits, and it is not so difficult to count them all: 
ABCDA = ADCBA
480

ABDCA = ACDBA
470

ACBDA = ADBCA
490

The shortest trip is ABDCA or ACDBA, i.e. 470 units.
I do not need to count all the paths – those starting in different cities are in reality the same as those starting in A. To imagine these better, one may consider the cities being on a circle and taking each one, one by one, as a starting point. On the other side, for the circuits going on the same paths but in opposite directions, the distances are naturally the same. So, only 3 circuits are to be considered.
I would like to observe that using the nearest neighbour algorithm I obtained a minimum distance of 480 units, using the cheapest link algorithm 490 units, and analysing all possibilities I found 470 units.

I'm not able to judge which of the first two methods gives better results in principle, but I see that for the last the solution is shorter to be obtained. Most probable, no one of them gives the certitude that using it, one may obtain the minimum distance, but a big number of cities, the analysis of all cases is impossible.

The number of Hamiltonian circuits for n cities is (n-1)!/2, This is so because for the first choice of the city there are n possibilities. For the next there are (n-1) and so on. This gives a total of n!. But, as explained for this problem, because the start and end point are the same, one must divide by the number of the cities. This means (n-1)!. Again, the order in which the cities are reached does not matter for the distance, and one must dive by 2. For 4 cities this means 3!/2 = 3 paths, what I analysed. The number increases quickly with n.
