Topology of the Internet

Introduction

· For my topic I chose to research the topology of the internet.

· In terms of what we’re learning in class, this topic is not super dense, but with the background of this class, I found it much easier to understand the concepts I researched.

· It takes the fundamental ideas of topology such as spaces and maps anduses them to describe something we use on a day to day basis.

· First, it is important to differentiate between the topology of networks and the topology of the websites.

· Topology of Networks/Servers vs. Topology of Websites
· Network Topology
· History of the internet

· The internet is not just firefox or safari

· It is a network of computers linked together world wide

· 1957

· Batch Processing

· One computer did one thing at a time

· Computers became larger, they had to be placed in cooled rooms, and programmers had to work away from them

· 1957: Methods were developed to connect them directly

· Time Sharing

· Sharing the process of one computer with multiple users

· The physical internet is made up of a series of networks and servers.
· Physical Topology

· Physical design of a network including devices, location, and cable

· Logical Topology

· How data is transferred in a network

· Physical Topologies

· Example 1: Ring
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· Physical Topology: Every device has 2 neighbors

· Logical Topology: Information travels in one direction

· Disadvantage: A failure in any cable or device breaks the loop and can take down the entire network

· Example 2: Star
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· Physical: A star network features a central connection point called a "hub" that may be a hub, switch or router.

· Devices are connected to hub through Ethernet cables

· Logical: Information travels from hub to devices

· Advantage: If one fails, other devices not.

· Disadvantage: If hub fails, everything fails.

· Why Network Topology is Important

· Efficient data transfer in terms of time and energy
· Predict the spread and effect of a virus
· Prevent network failure

· In 1962 American ferret aircrafts discovered middle and long range missiles in Cuba which were able to reach the US

· Stoked fear of an atomic conflict

· Internet had a centralized network architecture

· To avoid a break down during an attack, a decentralized network had to be developed so that if one node was lost, the systems could still operate

· Websites
· Website Topology: Describes how web pages are interconnected through links

· Very complex and constantly changing

· Static vs. Dynamic

· Static: page stays the same, finite, Google Homepage

· Dynamic: Google search results, infinite

· Graph of the internet is similar to graph of a knot

· The graph itself is 1D but it lives in 3D
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· Why website topology is important
· Search Engine Optimization
· Ensuring that when someone Googles “USD”, the University of San Diego is one of the first pages listed
· Two Ways to Look at Website Topology

· Importance of pages

· Connectivity of pages

Models

· Jelly Fish: Importance
· Measures the importance of a webpage and categorizes the pages accordingly

· Importance measured by:
· Degree

· Effective Eccentricity 

· Significance

Example:
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· Definitions

· Degree: number of incident edges

· The more edges, the more important
· Ex: USD > Wright
· Effective Eccentricity: minimum hops required to reach 90% of reachable nodes
· The smaller the eccentricity, the more important the page
· Ex: USD = 1, DH = 2, W/DH Paper = 5
· Significance: how many and how important a node’s neighbors are
· The more important the neighbors, the more important the page
· Ex: Gorsky > Wright 
· Jelly Fish Model
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· Core: highest degree nodes are strong connected and form a clique
· Layer 1 is all the web pages that are neighbors to the core
· We repeat this process to get levels 2-5. 
· Can think of it almost as a reverse covering space
· Everything in 1 gets mapped to the Core
·  As it turns out, as the pages move away from core, their importance decreases
· Degree decreases
· Effective eccentricity increases
· Significance decreases
· 1 Degree Nodes

· One group we have left out is one degree pages
· Draw one to DH
· One degree sites connect to all types of sites
· There is no scheme in which high degree nodes only connect to high degree nodes
· In fact, the higher the importance, the more one degree pages it neighbors.
· Power Law: an expression of the form y α xa where a is a constant, x and y are measures of interest and α means proportional to
· In this case, y is the number of one degree pages, x is the rank of importance of a page
· Summary
· Classifies the pages according to importance, not connections
· Ignores some links
· Bow Tie: Connectivity
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· Divides the web into 4 regions

· Strongly Connected Core

· 1/3 of pages can easily be traveled to through links

· Origination

· ¼ eventually lead to the core but the core does not lead to them

· Termination

· ¼ don’t lead to core but the core leads to them

· Disconnected

· 1/5 can be connected to origination/termination but not core

· This topology makes it easier to see the connectivity of the web.

· It simplifies the topology of the internet based on the types of links, not the importance or number.

· One thing that is deceiving about the Bow Tie

· Draw core links.  It takes many interconnected links and treats them as a single core.
· Just as we ignore the inside to make observations about the outside,
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·  we look at the core links as a simple point to observe the entire topology 

· The Jellyfish and Bow Tie models are just 2 examples of the topology of the internet.
· Just as we can write the torus as the wedge of 2 circles in order to easily calculate its fundamental group, we can map the internet in different ways that benefit us.

· If we want to know the importance of our page, we can use the Jellyfish Model.

· If we want to know the accessibility of our page, we can use the Bow Tie Model.
Page Rank

· Up until now, we’ve talked about how we can use topology to produce a more readable map of the internet.

· Now we’ll talk about a way we can use what we know to create our own topologies on the internet.

· The primary reason this interests people stems from Google’s Page Rank.

· When you type in “apple” on Google, Apple wants their webpage showing up at the top not an apple farmer’s page.

· There is lots of math behind that goes behind determining the order of the pages.

· Google actually looks at all of the web pages on the internet, figures out which ones apply to your search, and lists them in order of importance according to Google’s standards.

· Companies spend thousands of dollars a year optimizing their webpage.  
· They’ll change the appearance of the page, add key words, and make sure the site is easily usable.

· Beyond that, internet topology has a lot to do with moving their page up in rank.
· Google’s Page Rank is based on back links.  The more pages that feed into your site, the higher rank your site achieves.

· Example 1
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· A = 1

· B = 1

· C = 1

· Algorithm
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d = 0.85 = damping factor
tn = page linking to A
C(tn)= number of outbound links
· Each page is given a rank of 1.

· A page can distribute some of its rank to another page or acquire rank from another page.

· Iterations

· The sum of all page ranks must equal to the number of pages being compared.

· Later, the page ranks are normalized so their ranks are between 0 and 1.

· Example 1

· Does one look more important?

· Example 2
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· A = 1.3

· B = 1

· C = 0.7

· Both A and B have 2 links leading into them

· B is given half of A’s rank and half of C’s rank

· While A is given half of C’s rank and all of B’s rank

· Example 3
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· A = 1.46

· B = 0.77

· C = 0.77

· As you can see through these examples, this is the most effective topology for page A.  A more familiar way to visualize this is as the wedge of two circles.

· Obviously no outgoing links would be even better for page A but Google can recognize these “link farms”.

· This is an ongoing study that is very valuable to many companies.

