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Universidad Politécnica de Cartagena, UPCT (1998)
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About us II
Introduction

Telematics Engineering Group, GIT (1999)

Group leader: Prof. Joan Garćıa Haro

20 Ph.D. full-time researchers and 10 Ph.D. students

Main research lines: sensor networks, optical networks, IVC, PLC,
RFID/NFC, P2P VoD...

Net2Plan team

Prof. Pablo Pavón Mariño
José Luis Izquierdo Zaragoza

J.L. Izquierdo-Zaragoza Net2Plan: The open-source network planner 4 / 26



Introduction
Net2Plan

Modeling network designs
What’s next?

About us
Motivation

Motivation
Introduction

Network planning is in good health: 200+ contributions from 2010
to 2012 only for optical networks planning in IEEEXplore

Hypothesis: Existing tools are a bottleneck

Different requirements from users:

Research: Fast prototyping/testing, REUSE CODE (open-source
algorithm repository), validate, compare results...
Industry: Application of research results, and prospective studies
Education: Put focus on planning skills (i.e. network optimization,
algorithm complexity...)
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A day in the life of a Ph.D. student I
Motivation

Implementing network design algorithms:

Alternative 1: Ad-hoc
toolchain

1 Generate ILP .mod file
2 Use a topology

generator
3 Use a traffic generator
4 Convert topology and

traffic to .dat file
5 Run ILP solver
6 Process output data
7 Plot graphs

Alternative 2: Using existing tools?

OPNET SP Guru Transport Planner
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A day in the life of a Ph.D. student II
Motivation

What if we would like to...

...test a new protection/restoration/CAC/traffic anomaly reaction
algorithm?
...repeat results from the paper presented in...?
...make prospective studies for a non-mature technology?

Typical answer: Make it from the scratch

Consequences: (a lot of) waste of time, frustration, desmotivation...
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Our solution: Net2Plan – A publicly-available Java-based
OPEN-SOURCE (LGPL license) network planner

Allows to integrate user-made algorithms and perform several
simulation studies in a technology-agnostic environment

public String executeAlgorithm(NetPlan netPlan,
Map<String, String> algorithmParameters,
Map<String, String> net2planParameters)

{
/**
* Your code here
*/

return "It works!";
}

History:

Origins: September 2011
First version: 0.1.0 - February 2012 (MATLAB)
Current version: 0.2.2 - October 2013 (Java)
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Website: http://www.net2plan.com

Download
User’s guide and Library API Javadoc
Teaching materials
Examples

JOM library: http://ait.upct.es/~ppavon/jom/
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Tools I
Net2Plan

Network design:

Source: Varvarigos et al., OFC 2013

Traffic matrix design:
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Tools II
Net2Plan

Resilience simulation (discrete-event simulation):

Connection-admission-control simulation (discrete-event simulation):
where events are connection requests/departures

Time-varying traffic simulation (discrete-event simulation): where
events are variations on traffic demand volume

J.L. Izquierdo-Zaragoza Net2Plan: The open-source network planner 12 / 26



Introduction
Net2Plan

Modeling network designs
What’s next?

Features
Tools
Website

Website I
Net2Plan

http://www.net2plan.com/
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Example from the repository:
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Idea: Network model as flexible as possible

Technology-agnostic model based on abstract concepts with a
minimum set of member variables:

Nodes
Links
Demands
Routes
Protection segments

Users can extend the model (i.e. to make it technology-specific) via
key-value additional attributes
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Set of nodes N

id: unique identifier
position: (x , y) in a 2D plane
name: node name

Set of unidirectional links E (self-links are forbidden)

id: unique identifier
origin node: id of the origin node
destination node: id of the destination node
capacity (in Erlangs)
length (in Km)

J.L. Izquierdo-Zaragoza Net2Plan: The open-source network planner 19 / 26



Introduction
Net2Plan

Modeling network designs
What’s next?

Traffic model
Modeling network designs

Set of unidirectional (and unicast) demands D

id: unique identifier
ingress node: id of the ingress node
egress node: id of the egress node
offered traffic (in Erlangs)

Why using traffic matrices is not recommended?
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Set of unidirectional routes (paths) P

id: unique identifier
demand: id of the associated demand
carried traffic (in Erlangs)
sequence of links: ids of the corresponding links
backup segment list: ids of the backup segments

Other (bad) alternatives:

Demand-link routing: post-processing of flow-formulation variables
Destination-based routing: no QoS

Available routing schemes:

Bifurcated/non-bifurcated routing
Integral routing
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Set of protection segments S

id: unique identifier

origin node: id of the origin node

destination node: id of the destination node

reserved bandwidth (in Erlangs)

sequence of links: ids of the corresponding links

Available protection schemes:

Dedicated protection: Each segment is associated at most to one
traffic route

Shared protection: Each segment is associated at least to one traffic
route

Partial protection: If reserved bandwidth is below the carried one
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Path/sub-path/link protection

J.L. Izquierdo-Zaragoza Net2Plan: The open-source network planner 23 / 26



Introduction
Net2Plan

Modeling network designs
What’s next?

Notation
Modeling network designs

Element Parameter Description

Nodes
N Set of nodes n ∈ N

δ+(n), δ−(n) Set of outgoing and incoming links from/to node n

Links

E Set of links e ∈ E
a(e), b(e) Origin and destination nodes of link e

le Length of link e (Km)
ue Capacity of link e (Erlangs)
u Vector form of ue
ye Traffic carried by link e (Erlangs)
y Vector form of ye

Demands

D Set of demands d ∈ D
a(d), b(d) Ingress and egress nodes of demand d

hd Offered traffic for demand d
h Vector form of hd
rd Carried traffic for demand d
r Vector form of rd

Routing

P Set of paths p ∈ P
Pd ⊆ P Subset of the paths in P that are associated to demand d
Pe ⊆ P Subset of the paths in P that traverse link e

xp Traffic volume carried by path p
x Vector form of xp

a(p), b(p), l(p) Origin and destination nodes, and number of hops of path p
d(p) Demand corresponding to path p

Protection segments

S Set of protection segments (s ∈ S)
Se ⊆ S Subset of the protection segments in S that traverse link e
Sp ⊆ S Subset of the protection segments in S that are associated to path p

a(s), b(s), l(s) Origin and destination nodes, and number of hops of protection segment s
us Reserved bandwidth for protection segment s (Erlangs)
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What’s next?

Review of some (classical) problems: Live demo

Lab work:

ILPs for RWA
Heuristic for RFWA
Column generation ← Graph Optimization (Prof. Carello)

Communication Network Design (Prof. Tornatore)

Real-world case study: IP-over-WDM
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Thank you for your attention!!!
Questions?

José Luis Izquierdo Zaragoza
http://ait.upct.es/~jlizquierdo

josel.izquierdo@upct.es

http://ait.upct.es/~jlizquierdo
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