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An Puzzling Oddity
The seven Bridges of Konigsberg is a historically notable problem in mathematics. Leonhard Euler's negative resolution in 1736 laid the foundation of graph theory. This bridges and walking tour revolves around multiple approaches to a problem. Given a set of instructions and conditions one must conjure up the best and most convenient route to embark in this puzzle. Given the condition of not retracing paths, is it possible to walk through every bridge? The bridges and walking tour problem revolves around finding an optimal route to cross every path, either through trial and error or developing a particular methodology applicable to every bridge scenario. In this paper, we'll focus on the latter but explain that we reached that methodology though trial and error.
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One is unlikely to solve such a puzzle on their first attempt and is put into a situation where they must examine choice scenarios. This methodology mirrors Lockhart's Lament in allowing students to play around with a given task and think for themselves. We began to realize that the initial puzzle given to us was impossible to do through constant trial and error and examining and exhausting number of paths. Then, from instinct, Ismail slyly added another bridge to fundamentally change the question:
[bookmark: _GoBack][image: ]
Why did we do that? Perhaps we imitated Lockhart's construction line splitting a rectangle to explain the area of a triangle?
[image: ]
However, these two approaches are not the same, adding another line to "solve" the problem actually changed the problem itself. Again, why did we do that? This leads us to our conjecture:
Conjecture. "If a walking tour puzzle has more than 2 vertices of an odd degree, it is impossible to draw along every path once without lifting your pen."
The vertices A, B, C and D all had an odd degree (3,3,5,3 respectively) in the first version, but after we drew our line, the puzzle changed to having a degree of 3,4,5,4 respectively. Only 2 vertices had an odd degree, thus this new puzzle was now possible (e.g. A->C->B->A->D->B->D->C). Also note that our starting point was A, a vertex of an odd degree. Had we started at D or B the we could not do the puzzle. This led to another speculation:
"If a walking tour puzzle has less than 3 vertices of an odd degree, you must start at either of the 2 odd degree vertices as you will either start at one and end on the other". Developing a tactic into problem solving. During our process, Hanan asked about degrees and we explained it as the number of paths stemming from a vertex or "corner". This led to Jeron asking as to where should we start when drawing our path. Ideally start at an odd degree vertex. Visually it would look something like this:
[image: ]
Represents an imaginary abstract puzzle with two vertices of an odd degree. The red dotted lines represents and infinite number of even degree vertices. Pick either odd degree sides as a starting point, let's say the left (degree 3):
[image: ]
Note that we drew "away" from the left vertex, then "came back", and then "away" again. That's 3 strokes of the pen, we started from the left and ended up away from it as we finished the puzzle. If it's still puzzling: here's a more concrete example:
[image: ]
Pick either A or C (they both have a vertex with an odd degree), Say we started at C: Then our path looks like: C->D->A->B->C->A. Note that we started at C and ended up at A. There is no possible combination to start at any of these points an end up on that same exact point as well, as we have 2 odd degree vertices.
[image: ]
We have another example to show that it doesn't just work with the number 3 but any odd degree vertex. Pick either A or C as a starting point: say A: A->B->C->F->G->E->C->D->A->C. Note that we started at A but ended up at C. That's because we have an odd number of "paths" or "vertices" to go through. We can't start at an odd vertex and end up back at that starting point.
Reflection: Knowing this information helps in quickly discerning whether or not a puzzle is solvable in the first place. It may be that we could delve so much time (like the initial walking tour bridges) only to discover that it is impossible to solve (which was the case). This helps to reassure the person taking the puzzle, of the validity of the puzzle. If it has more than 2 vertices of an odd degree, it simply cannot be done. If it has less than three odd vertices, start at a vertex of an odd degree.
Through arguing our process step by step and journeying through our project, we argue that we have proved our conjecture as it works with any puzzle we conjure up. Here's our attempt at formalizing it.


Part 1: Proof for starting and ending at different vertices.
Proof (direct)
Assume a puzzle has two vertices A and B of an odd degree, 3 and 5 respectively and an infinite number of even degree vertices in between A and B.
Visually it would look like this:
[image: ]
Then we have an odd number of paths to choose from either vertex.
Starting at vertex A, we have "away", "back" and "away", thus we cannot end our puzzle at A.
[image: ]
Similarly, at vertex B, we have "back", "away", "back", "away", and "back", thus we end our puzzle at B
[image: ]
Adding/subtracting 2 degrees to either vertex (I.e. still keeping the odd number) with just add/subtract another "away" and "back", which still maintains that you start at A and end at B.
QED
Part 2: Proof for the impossibility of 2+ odd degree vertex puzzles.
Since we started at one odd degree vertex and ended up at the other, we cannot end up with another odd degree vertex that acts as a "midway". As in you either start at a odd degree vertex or you end at it. You can only have a max of two odd degree vertices.
[image: ]
Therefore, adding another vertex of an odd degree renders the puzzle impossible to solve.
QED




	
	
	2



image5.jpeg




image6.jpeg
=3




image7.jpeg




image8.jpeg




image9.jpeg




image10.jpeg




image1.gif
AVE




image2.jpeg




image3.jpeg
E




image4.jpeg




