1 Introduction

GT-ITM is a topology modeling package that produces graphs that look like wide-area internets. A brief description of graphs produced by GT-ITM is given below. More information about the GT- ITM graphs including the source code is available at http://www.cc.gatech.edu/projects/gtitm

1.1 Flat Random Graphs

The networking literature contains a variety of flat (i.e., non-hierarchical) random graphs used to model internetworks. All are variations on the standard random graph model that distributes vertices at random locations in a plane and then considers each pair of vertices; an edge is added between a pair of vertices with probability α. We call this the Pure Random model or simply the Random model. While it does not explicitly attempt to reflect the structure of real internetworks, it is attractive for its simplicity and is commonly used to study networking problems.

The other models also distribute the vertices randomly in the plane, however they alter the function used for the probability of an edge, in an attempt to better reflect real network structure. After the Pure Random Model, perhaps the most common random graph model is one proposed by Waxman [1], with the probability of an edge from u to v given by: P (u, v) = αe�^{d/(βL)} where 0 < α, β ≤ 1, d is the Euclidean distance from u to v and L = √ 2 × scale is the maximum distance between any two nodes. An increase in α will increase the number of edges in the graph, while an increase in β will increase the ratio of long edges relative to shorter edges. We call this the Waxman 1 model.

1.2 Hierarchical Models

Random models offer very little control over the structure of the resulting topologies. They do not capture the hierarchy that is present in real internetworks. We now describe a method of creating hierarchical topologies by connecting smaller components together according to a particular structure.

Transit-Stub

Our Transit-Stub model produces hierarchical graphs in a different way, by composing interconnected transit and stub domains. We first construct a connected random graph (using any one of the methods discussed earlier); each node in that graph represents an entire transit domain. Each node in that graph is then replaced by another connected random graph, representing the backbone topology of one transit domain. Next, for each node in each transit domain, we generate a number of connected random graphs representing the stub domains attached to that node. Finally, we add some number of additional edges between pairs of nodes, one from a transit domain and one from a stub, or one from each of two different stub domains.

2 Graph Properties

The aim of this project is to augment the properties of GT-ITM graphs, after the initial graph(s) have been produced using the standard graph generation methods. Finer control over graph topology and properties can be exercised after the initial graphs have been produced using the current generation methods.

In general, the properties will include the creation of macro-nodes which are sets of nodes from the original graph. Once the macro-nodehave been identified, properties (such as a specific level of connectivity or distance) may be specified over the macro-nodes. The macro-nodes should be able to be specified over nodes that belong to an arbitrary number of input GT-ITM graphs. Once the macro-nodes have been selected, and the properties produced, edges will be added or deleted such that properties hold over the specfied node sets.

In addition, it is desirable to be able to add new nodes or edges to a set of graphs or delete existing nodes or edges that specify certain criteria.

3 The Little Language — grdel: GRaph DEfinition Language

The little language that will be used as the interface to GT-ITM graphs is partially specified below. The language will be an LISP like in ”look-and-feel”, as this is a convenient way to work with functions with variable number of arguments.

(let v s ) Variable v is associated with node set s — i.e. node set s, which is may be a (null) set of nodes, macro-nodes, graphs, or variables are named v.

(connect a {b} k) Vertices in node sets a and b are connected with a probability of k. If the second node set is null, then vertices within node-set a are connected (to each other) with the given probability.

(new-vertex v ) A new vertex (referred to by variable v) is created.

(edge-connect a b k) Node sets a and b are k connected — i.e. there are at least k edge-disjoint paths between a and b.

(vertex-connect a b k) Node sets a and b are k vertex-connected — i.e. there are at least k vertex-disjoint paths between a and b.

4 Reading

The Stanford GraphBase is introduced and explained in The Stanford GraphBase : a platform

for combinatorial computing by Donald Knuth, 1993 (QA164.K6 1993). Unless you are already

familiar with The Stanford GraphBase, recommended sections to read are

• Chapter 4 — How to Read CWEB Programs

• Programs of the Stanford GraphBase

– GB BASIC – GB IO

5 Requisites

• Elementary background in graph theory will be useful.

• Fairly strong C programming skills. Should be able to work with existing (well-commented, author available) C code.

• Ability to read CWEB is useful, but not neccessary.

6 Implementation, and interface to GT-ITM

The GT-ITM graphs are Stanford GraphBase graphs that are created to have a set of properties. All the actions in grdel have straightforward GraphBase implementations.

The programming in this project will include writing a small parser for grdel, and interfacing to the Stanford GraphBase. The {edge vertex}-connect primitives need not be implemented for the project to be considered complete.

7 Evaluation

• Well-written, commented, literate C code for grdel.

• A small report outlining your approach and anything interesting that you encountered, and/or would like to see in grdel or GT-ITM . Note that you will be primarily be evaluated on the work you do with grdel and GT-ITM and not the report.

This will be a moderate project for one person with the pre-requisites.

References

[1] Bernard M. Waxman. Routing of multipoint connections. IEEE Journal on Selected Areas in Communications, 6(9):1617–1622, 1988.