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Hello! 

 

In this unit we will explain to you the basic principles of the classification of networks. 
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We will do this with very simple two-dimensional nets. In two dimensions it is a lot easier to see 

the connectivity in a network. But the basic principles for the classification are used for three-

dimensional networks as well. Once, you can classify two-dimensional nets you can also 

classify three dimensional nets. 

 

We will start with the very simple net that I have shown you in the last unit. And we will classify 

it. And with this classification we want to answer the following three questions that concern the 

nodes - or vertices as they are often called - of the net.  
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1.) How many different types of nodes are there? 

2.) How many neighbors do they have? 

3.) What is their individual surrounding? 
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For this net, the first question is quite easy to answer. There is only one distinct type of vertex. It 

is a four connecting node. That’s simple. And the second question is also not so difficult. The 

neighborhood of a node can be expressed as a so-called coordination sequence. 

 

The Coordination Sequence is determined as follows: 

 

- You pick a node; 

- You count the number of nodes that are one edge away from the origin. 

 

In this case all nodes that are marked in blue are one edge away, four in total. So we write 

down: 4. 

 

Next you count the number of nodes that are exactly two edges away from the origin. This time 

all these nodes are marked in yellow. And we have eight of them. We write down: 8. 

 

And we go another step further. How many nodes are there that are exactly three edges away 

from the origin? Yes, 12 nodes. They are marked in green. And how many nodes are exactly 4 

edges away? 16. All marked in orange. 



So we write down the coordination sequence as a counting of the first, second, third, fourth 

degree neighbors: 4, 8, 12, 16, ... 

 

Slide 7 – 9 

 

But how do network topologists describe the “individual surrounding” of a node? 

 

Well, they go for an imaginary walk around the network.  And they explore the surroundings for 

one of each of the different kind of vertices. 

 

Today Frank will serve as our Network topologist. This is how he plans their walk: He first 

chooses a vertex. Next, he pairs edges of the net that form an angle on the same vertex. An 

edge is the line that connects two vertices. We color the edges on this node now individually. 

 

There is a green, a yellow, a blue and a red edge. 

 

And the edges are now paired as follows: 

 

green + yellow 

yellow + blue 

blue + red 

red + green 

 

The Network Topologist wants to explore this surrounding of this vertex through the combination 

of these edges. For his trip around this vertex he of course needs to choose a path. A path is 

the connection of any two vertices via the edges of the net. The network topologist only chooses 

closed paths, meaning that he always arrives on his home vertex. 

 

For example he starts at the green edge and wants to arrive on the blue edge. From the blue 

edge he wants to reach the orange edge. And so on. A closed path is also called a circuit. A 

circuit can have any size. The size is defined by the number of edges one has to “walk”. A 

circuit that cannot be divided into two smaller circuits is called a ring. 

 

Now, the network topologist plans his trip very efficiently and only wants to walk very short 

distances. But he also has another rule he must follow. And the rule is: Network topologists only 

travel on rings, when they do their “walk” around a vertex. 

 

Okey, let him start with his walk. He starts on the green edge. And to reach the blue edge it 

makes more sense to turn right at this node. Again a right turn,  and the yellow edge is in reach. 

Just one more step. He could have also walked a different route to reach this blue edge. For 

example the highlighted path right here. But this would have been an unnecessarily long walk 

for him. And also this path is not a ring. 

 



Of course the network topologist is keeping note about the routes he has taken and he writes 

down the size of each ring he has walked along. This means the number of edges he came 

across. In this case the ring size is four. 

 

As you are already very familiar with symmetry operations, you probably see immediately that 

all four combinations of edges, that form an angle on this vertex, have the same ring size. 

 

We write this down as 4*4*4*4 or 4^4 

 

This is called a Vertex-Symbol. 

 

The combination of coordination sequence and vertex-symbol for each type of node can be 

used to identify nets in a more systematic way than just comparing it to well-known crystal 

structures. 
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One last note for this unit: Network Topology is a very complex field of study. This lecture can 

only serve as a brief introduction to this topic. There  are some books published on this topic. We 

will add them as literature references. But we want to point out just one book, because it has 

been made publicly available by one the authors - Michael O’Keeffe. If you want to learn more 

about this topic this book is probably one of the best resources, if you are looking for open 

access documents. 

 

OK. Now you have been introduced to the basic principles of network topology. Next week we 

will use a computer program called TOPOS, which is very useful to classify even very 

complicated networks semi-automatically. 


