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In this paper, we propose an emulation solution whose purpose is to deal with the need of reproducibility that is encountered in communication protocols evaluation and transport protocols in particular.

INTRODUCTION

Network emulation offers a compromise between live test and simulation and is widely used for communication protocols evaluation. For transport protocols evaluation in particular, researchers need a fully controlable environment that can exactly repeat an experiment to evaluate the behavior of their protocol. Several propositions have been made for wireless network emulation. Some of them, based on realtime simulation such as in [START_REF] Fall | Network Emulation in the VINT/NS Simulator[END_REF] provide such an environment but have scalability problems when the complexity of the network or models increase. Others are based on traffic shapers such as Dummynet [START_REF] Rizzo | Dummynet: A Simple Approach to the Evaluation of Network Protocols[END_REF] which constrains the traffic according to precomputed conditions. In a prior work [START_REF] Pérennou | Two-stage Wireless Network Emulation[END_REF] we have presented W-NINE, a two-stage solution using Dummynet. An offline simulation stage is used prior to the emulation to compute emulation scenarios, followed by an IP level emulation stage that reproduces these scenarios in soft real-time. Another particularity is its ability to deal with traffic based behaviors such as hidden terminals by observing in real time the experimental traffic and reacting accordingly. This solution has been developed for application evaluation and can repeat the same experiment several times. The behavior of a repeated emulation experiment is the same on average but, due to the use of Dummynet it is not possible to affirm that a same packet will be constrained exactly on the same way from an experiment to another. A solution dealing with this need of repeatability is to enhance Dummynet by extending its abilities to control losses and delays. For this purpose, an extension of Dummynet has been developed at the Karlstad University to deal with losses aspects. This paper will provide a brief overview of W-NINE, the two-stage wireless emulation platform, then focusing on the need of repeatability for transport protocol evaluation and on a Dummynet extension providing repeatability of loss patterns.

W-NINE

The W-NINE platform (see Figure 1), developed at EN-SICA and LAAS-CNRS, is designed to emulate a large spectrum of mobile wireless networks based on high-level experiment descriptions written by developers for tests. A high-level experiment description allows the combination of accurate simulation models (e.g. node movements or propagation conditions) by the user, so that tested situations can approximate real conditions. W-NINE consists of a wired network emulation platform, called NINE (Nine Is a Network Emulator) and a Simulator for Wireless Networks Emulation, called SWINE.

Figure 1: The W-NINE Platform Architecture

SWINE is an offline discrete events simulator that precomputes an emulation scenario composed of IP traffic constraints corresponding to a high-level experiment description. NINE provides a physical network interconnecting real nodes with Ethernet, where the IP traffic is shaped in soft real-time by the Dummynet-based router-emulator, according to this scenario (i.e. evolution of available IP data throughput, losses and delays on each end-to-end link), as if the underlying network was a mobile wireless network. The emulation scenario is played in soft real time by NINE's emulation manager, a special host in charge of scheduling the Dummynet instructions.

Moreover, SWINE can produce several possibilities in an emulation scenario to deal with traffic based behaviors that can occur in a wireless network. A classical example of traffic based behavior in ad-hoc networks is the hidden terminals problem that occurs only if two nodes are mutually hidden and try to contact a same third node at the same time. To deal with these behaviors the traffic that crosses the experimentation network is observed in real time by observers hosted on the emulator. When a traffic-based situation occurs, observers warn the emulation manager using feedback mechanisms. The emulation manager can then react accordingly by switching among emulation possibilities.

THE NEED FOR REPEATABILITY

In 802.11b networks, the MAC layer does not work in the same way for unicast or multicast communications. So, effects encountered by a transport protocol or an application under evaluation will depend on the kind of the communication. Due to the lack of retransmission mechanisms in multicast communications, losses can occur at the IP level contrary to unicast transmissions where the reliability of a transmission is almost perfect. The current version of W-NINE supports only unicast communications and effects of retransmission mechanisms are taken into account by SWINE during the computation of the IP throughput.

This solution gives good results on average but is suitable neither for multicast communications where real losses must occur at the IP level nor for protocol evaluation where repeatability is essential. Dummynet provides losses using a uniform packet loss rate. Results found with these random losses give an average behavior of the emulated network. This average behavior is satisfactory for applications evaluation but not for transport protocols evaluation because the position of a loss in a flow can have different consequences on the behavior of transport protocols. For example, the behavior will not be the same for a SYN packet loss in a TCP flow or for a simple data packet loss. The exact repeatability of losses at emulation time is a critical tool that allows the protocol developer to tune his protocol parameters and to evaluate his modifications under the same conditions. This repeatability issue is not always useful for applications evaluation: for instance, the traffic of multimedia applications is not predictable, especially for interactive applications. With this kind of applications, it is sufficient to reproduce an averaged behavior from an experiment to another.

Similarly, it will be suitable to provide a support for delays which can be repeatable from an experiment to another. At the current time, delays due to retransmission mechanisms in unicast communications are taken into account during the IP throughput computation. With this solution the behavior of the emulated network is the same on average. But as for the losses aspect, delays have a direct impact on the behavior of the network, for example they have an impact on the RTO in a TCP flow. A solution introducing a packet by packet delay control would provide a more realistic and more repeatable behavior. For example, packet-controlled delays could be used to reproduce effects due to the backoff and auto-rate fallback mechanisms or even roaming effects in cellular networks with more realism and to finely tune transport-level parameters.

A DUMMYNET EXTENSION DEALING WITH REPEATABILITY

An extension of Dummynet has been developed at the Karlstad University to improve Dummynet's control of losses. This extension presented in [START_REF] Garcia | An Experimental Study on the Performance and Fairness of Loss Differentiation for TCP[END_REF] allows the insertion of bit errors in packets as well as deterministic packet losses. To sum up, a flow notion has been added to the classical loss mechanism of Dummynet in order to be able to lose or corrupt a particular packet in a flow. With this extension it is now possible to lose packets number 10, 20 and 54 in a flow which is very useful for the repeatability and the accuracy of an emulated experiment. Positions are controlled by pattern files for packet losses and for bit-errors.

Integrating this extension into the W-NINE platform will be a first step to deal with reproducibility. With this extension it will be possible to use classical loss models characterizing a wireless channel such as a two-state Markov model to make SWINE computes the loss pattern that might then be reproduced by NINE during the emulation stage. Moreover, several patterns should be produced to deal with traffic based behaviors such as hidden or exposed terminals. Dynamic pattern switching is not supported yet but its development is planned.

CONCLUSION AND FUTURE WORKS

Repeatability is a key point for performance evaluation of communications protocols, in particular at the transport level. We plan to integrate Karlstad's Dummynet extension into the W-NINE emulation platform, in the framework of the NEWCOM NoE, in order to have a network emulator supporting both high-level experiment descriptions and repeatability. With this integration we will have a fully controllable emulation environment that should be used for applications and transport protocols evaluations both for unicast and multicast communications. In a second time it is planned to extend the Dummynet extension pattern notion to delays to deal more precisely with MAC-level retransmission mechanisms or roaming effects.
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