Drawing Algorithms for Telecommunication Networks

Ala Eddine Barouni 1 , Ali Jaoua 1 and Nejib Zaguia 2

1 Universityo f T unis, T unisia

2 School of Infor matio n T echnologyand Engineering, Ottawa, Ontario, Canada abarouni@csi.uotta wa.ca, ali.jaoua@fst.rnu.tn, zaguia@site.uotta wa.ca

Abstract

Visualizing sur vivable telecommunicatio n networks on the screen has proven to be useful and helpful for the networ k designers. I n fact, theycan easilyidentifyrings, perceive the interaction between rings, and then rapidlyspot possible problems. Given a ring co ver of sur vivable teleco mmunicatio n net wor ks, we provide three techniq ues for drawing a ring cover. Our proposed algorithms produce drawings that require O(n 2 ) area, where n is the number of nodes in the ring cover.

1. Introduction

T he problemof drawing a graph in the plane has received increasing attention recently due to the large number of applications stated in [1].

T he design and analysis o f teleco mmunication network is a ver yimportant area (for more details see [2] and [3]). In this paper, we stud y techniques for visualizing teleco mmunicatio n networks. We are motivated to design a network which (1) satisfies the traffic requirements, (2) can survives failures, and (c) the cost of the network is minimum. A network is survivable if it can survive the failure of a link e , that is, the removal of the link e does not disco nnect the network, and the traffic that was originally supported bythe link e , can be acco mmodated b y another path. T he ^Multi-Ring Architecture~ is considered to be a cost-effective sur vivable network because of its simplicityand improved sur vivability(see [4]).

2. Preliminaries

Consider a networ k N represented b ya graph G = ( V, E ), where V is the set o f nodes representing the sites and E is a set of links representing the electrical links between nodes.

A ring R in G is defined to be a cycle consisting of nodes n

1

, n

2

, ..., n p

Î V . For some specific rings in a network, we mayhave a high traffic.

T he network designers maydecide to add more equip ment to the nodes (sites) of these rings in order to increase the perfor mance of the net wor k.

T herefore, one of the most important properties of Multi-Ring Architecture, is that rings should be easilyrecognizable. We focus on drawing networks on the co mputer screen so that properties of the Multi-Ring Architecture can

easilybe viewed. Similar to graph drawing, many criteria should be considered in order to enhance the readability. Usually, a general optimization method are used, i.e., minimize the crossings, the area, the number of bends (in orthogonal drawings), and the number of slopes

(in polyline drawings). Readabilityis also our concern, because we have noticed, so far, that unnecessar ycrossings maycreate rings that do not exist in the original network. In this paper, we will address the issue of visualizing sur vivable teleco mmunicatio n net wor ks b y presenting multi-ring architecture drawing techniques.

We define a Ring Cover C as a set of rings that covers all links in a net wor k [5]. For a network N represented bya graph G , given a ring cover C , a contact node c is a node of G which belongs to the intersectio n of at least t wo rings of C . T he resolution is a constant defined bythe user which is considered to be the minimal distance between anytwo nodes in the drawing of the ring cover. T he resolution r ule is that the nodes must be kept far eno ugh fro meach other, so that, the human eye can tell them apart.

T he resolution rule prevents the drawing algorithm fro marbitrar yscaling do wn the picture. T he problemis defined as follo ws: let N be a telecommunication network represented b y a graph G = ( V, E ), where V is the set o f nodes representing the sites of switches and E is a set of links representing the electrical wires or optical fiber links between nodes. Corresponding to the graph G , a | V | ´ | V |matrix T is defined so that:

the entries T i,j

denote the amo unt of traffic between the node i and the node j , where 1

£ i, j

£ |V|. In [5], some techniq ues are provided to

find a ring cover in survivable net wor ks b yusing

the matrix T as inp ut. T hus, for a networ k N , we

assume that the ring cover C is given and

therefore our task is to deal with the ring cover

drawing. We shall present two different

techniques o f ring cover drawing. T heytake into

account many criteria in order to produce layouts

that are clear and easyto understand. In [6],

T ollis and Xia presented three techniques of ring

cover drawing. T hese three techniques are based

on the follo wing assumptions:

1.Any two adjacent rings share onlyo ne contact

node.

2.T he ring-contact node graph [6] is a tree and

therefore it contains no cycles.

T heyproposed two open problems:

1. Drawing a ring cover when anytwo adjacent

rings share one contact node and the ring-co ntact

node graph is not a tree.

2. Drawing a ring cover when rings share more

than o ne contact node.

In this paper we focus on expanding the

conditions of the ring cover drawing. Our aimis

to present new techniq ues of ring covers

drawing. Our research includes the case treated

in [6] where anyt wo adjacent rings share exactly

one contact node, augmented b ythe follo wing

contributions:

1. T he ring cover contains rings that share more

than o ne contact node.

2. T he ring-contact node graph, which is

considered to be the underlying str ucture of the

ring cover is not a tree.

3. T he design and the implementation of a new

systemfor drawing teleco mmunication networks

based on the Multi-Ring Architecture.

T he follo wing t wo theorems are for the

inside drawing :

Theorem 1 : Given a ring cover C and its

extended -ring-contact node tree[7], the inside

drawing algorithm InsDra w1_RadiusCalculation

[7] produces a ring cover drawing such that:

1. T here are no crossings;

2. T he area required bythe drawing is O(n 2 ) ,

where n is the number of nodes in the ring co ver.

3. the time co mplexityis O(n + m 2 ) , where n is

the number of nodes in the ring cover and m is

the number of the rings in the ring cover.

Fig.1: Snapshot of the system´s screen. The case when

the ring-contact graph is not a tree.

Theorem 2: Given a ring cover C and its ring-

multi-contact node tree [7], the inside drawing algorithm InsDraw2_RadiusCalculation [7]

produces a ring cover drawing such that :

1. there are no crossings;

2. the area required bythe drawing is O(n 2 ) ,

where n is the number of nodes in the ring co ver.

3. the time co mplexity is O(n + m 2 ) , where n is

the number of nodes in the ring cover and m is

the number of the rings in the ring cover.

Fig. 2: The following ring cover contains rings which share more than one contact node with other rings generated byour system.

References

[1] G. Di Battista, P. Eades, R. Tamassia and

I.G. T ollis. ^Algorithms for Auto matic Graph

Drawing: An Annotated Bibliography,~

Department o f co mputer Science, Bro wn

University, T echnical Report, 1993.

[2] J.C.Shah , ^Restoration Network Planning

T ool~, Proc. 8th Annual Fiber Optic Engineers

Conf. April 21, 1992.

[3] H.Sakauchi, Y.Nishimura, and .Hasegawa, ^

A Self-Healing Network with an econo mical

Spare_Channel Assignment~IEEE GLOBECOM

1990.

[4] T .H. Wu, D.J. Collar, and R.H. Cardwell,

^Survivable Networ k Architectures for

Broad-band Fiber Optic Networks: Model and

Performance Co mparison~ IEEE journal of

Lightwave. T echnology, Vol. 6, No. 11,

November 1988.

[5] L.M. Gardner, M. Heydari, J. Shah, I.H.

Sudborough, I.G. T ollis, and C. Xia,

^T echniq ues for Finding Ring Co vers in

Survivable Networ ks~ Proceedings of IEEE

GLOBECOM 1994.

[6] Ioannis G. T ollis and Chunliang Xia.

^Drawing teleco mmunication networks~.

DIMACS Internatio nal wor kshop, Graph drawing´94. Princton, New Jersy, USA, October

1994. Proceedings.

[7] Ala Eddine Barouni ^Drawing Algorithm for sur vivable teleco mmunicatio n net wor ks~, Master

T heses at the universityof Ottawa Canada. April

1997.

Figure 2.17 : Snapshot ofthe system´s screen. Arcs whichare represented bya different color and width join the same contact node in the ring-cycle.