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Abstract

This paper presents software tool we develop for performance analysis of VOQ switches. There are not newer scheduling algorithms like DRRM, EDRRM and uFORM in available v.2.35 version of the SIM software. Because of that, we developed software tool, called VOQ simulator which covers all scheduling algorithm schemes we found in relevant scientific papers including algorithms which are not present in the SIM simulator. VOQ simulator is slotted time simulator written in Java programming language and has a modular architecture. Because of this modular architecture many different combination of these functionality blocks can be easily simulated. This is an application with simple graphical user interface where users define parameters for which they want to analyze the performance. This simulation tool gives the results that are compatible with results we found in literature. Also, we have extended original analysis of uFORM algorithm by modeling of this algorithm scheme for multiple iterations.

1. Introduction

Simulators implemented in software are valuable tool for researches to test network performances and develop network devices. Simulation is economical because it can carry out experiments without real hardware. Simulation results are easier to analyze than experiment results because important information at critical point can be easily logged to help researches make some conclusions and solve many problems.  
The fastest commercial available switch architecture is Virtual Output Queued (VOQ) switch.  Simulations of VOQ switch behavior depending on many factors (scheduling algorithm, traffic condition, switch size, complexity etc.) play one of the most important roles in preliminary phase of researching in this area. These results are a base for further research and practical implementation.   
VOQ scheduling algorithms are used in VOQ switches to configure switching fabric for packet (cell) transferring and to achieve high throughput and low delay. Because of that scheduling algorithms essentially dedicate VOQ switch performances and simulation tool for performance analysis of VOQ switches depending on scheduling algorithm for different traffic conditions, switch and buffer sizes presents first step and base for further researching. That was one of the reasons to develop a software tool which includes all the existing, approved and to us available scheduling algorithms. VOQ simulator includes both classes of scheduling algorithms:

· Weighted algorithms: Maximum Weight Matching algorithms ((LQF (Longest Queue First) [1], OCF (Oldest Cell First) [1] and LPF (longest Port First) [2]) and Maximal Weight Matching algorithms (iLQF [1], iOCF [1] and iLPF [2]). They give good performances to VOQ switch, but their complexity is too high to be considered for practical implementation. 
· Non-weighted algorithms: Maximum Size Matching (MSM) algorithm [3] which is only of theoretical value and too slow for practical use in high speed switches and Maximal Size Matching algorithms which can find practical implementation in high speed switches (iSLIP [1], DRRM [4], EDRRM [5],u-FORM [6], etc.). 
In the rest of paper we will briefly present features of VOQ simulator and our plans for future.

2. Developed Tool for Performance Analysis of VOQ Switches
For performance analysis of VOQ switches we use second version of software tool, we called VOQ simulator. In the first version of VOQ simulator software [8] we covered newer scheduling algorithms not present in the available v.2.35 version of the SIM simulator [7]. Second version of this tool [9] includes all the existing algorithms from SIM tool as well as the new algorithms which are not covered by SIM. VOQ simulator is designed in time slot manner, written in Java programming language and configured by the user. 
SIM tool can work only on Linux operating systems and we decided to develop the software in Java because it works regardless of operating systems. It is the application with simple graphical user interface. Users are allowed to define parameters for which they want to analyze the performance. While SIM tool for visualization uses specific tool, called SimGraph, VOQ simulator include visualization tool defined by user and it is compatible with j2re1.4.2_04 or later versions of Java software. Visualization tool can be used to debug the simulator code and to monitor the progress of a simulation in real time. Also, user has an option to graph new performance either in a new graph or an existing graph. On the same screen we can see many different graphs, and this is very important for comparing switch performances depending on many factors (scheduling algorithm, traffic conditions, switch size etc.). If the user wants, he can add new graph or to create new graph in a very simple manner. Also, the VOQ simulator is in a developing phase and we plan to include more statistic options for users. In this phase we develop tool for analyzing global switch performance (average delay, throughput and stability) depending on many different factors. In the future phases of developing we will consider more statistic options and extend software to simulate the performance of CICQ switches. 

The VOQ simulator software is created in a time slot manner. The whole system progresses one slot time (ATM cell) at a time. For offered simulation load in every time slot system checks for new arrivals of cells to the inputs and decides which cells will be forwarded from inputs to outputs trough switching fabric. Simulator has a modular architecture. Every module has different functionality. The functionality blocks are:

· switching fabric
· queueing policy

· scheduling algorithm

· traffic model

Because of this modular architecture many different combination of these functionality blocks can be easily simulated. Functionality blocks used in this simulator are presented on Fig. 1.

Traffic source generates the input to the switch. It generates a stream of cells which satisfies certain conditions. For example, i.i.d Bernoulli traffic with destination uniformly distributed over all output ports, Markov ON-OFF traffic model, unbalanced non-uniform traffic, etc. 
Queueing policy block determinates where queueing is placed, on input or output.  
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Fig. 1. Modular architecture of VOQ simulator
The switching fabric is used for the input and output ports interconnection. The crossbar is a switching fabric which is modeled in this tool because it is one of the most used fabrics for high performance switches. 
The switching fabric may use a specific scheduling algorithm to decide which cells to transfer in the next cell time. This is particularly important for VOQ input-buffered switches. The user defines for which scheduling algorithm he wants to graph performances. When the user starts application, he gets a form with fields for entering input parameters. The user first can choose algorithm for which he wants to analyze the performance. After this selection, user decides for which traffic conditions (uniform, bursty, non-uniform) he wants to simulate the performance. 
For our researching we modeled a wide spectrum of traffic conditions but, in this version of VOQ software for users we modeled for: 

· uniform traffic - Bernoulli uniform traffic 

· bursty traffic – two-state Markov-modulate traffic

· non-uniform traffic – unbalanced, Chang’s, diagonal and hot spot non-uniform traffic  
Conditions fields for input parameters of VOQ, depending on chosen traffic, are presented on the form. For example, input parameters which user can enter for uniform traffic condition are shown on Fig. 2. Additionally, for selected bursty traffic conditions the user defines mean burst length and for non-uniform traffic parameters important for specific selection (for example for unbalanced traffic-unbalanced probability parameter w). This software tool is a very flexible because of its modular structure and every new scheduling algorithm and specific traffic conditions can be easily implemented.  
After entering all parameters in application form there is button Simulate for startup of generating performance graph. The white box presents the simulation results. The first column is offered load, the second column is average delay and the third column is throughput. Performance gets values depending on offered load. After this process on the right side of application form graph of performance is presented. It is shown on Fig. 2. 
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Fig. 2. Example of performance graph for specific traffic conditions
Using this tool we simulate performances of switches for different scheduling algorithms, traffic conditions, switch and buffer sizes. Also, we have extended analysis of uFORM algorithm [6] by modeling of this algorithm scheme for multiple iterations [9]. Some results of performance analysis of VOQ switches are presented in papers [8], [9] and [10]. 
3. Conclusion and Future Work

Simulations of packet switch behavior depends on many factors (scheduling algorithm, traffic condition, switch size, complexity etc.). Packet switch simulators, however, have their limitations. Simulation results are not as convincing as those produced by real hardware, but software tools play one of the most important roles in preliminary phase of researching in this area. 
Using simulation techniques as a tool in this area of research is a key point and because of that further development of this software is very important. Results which we get with this software are compatible with results we find in literature. On Infocom, we plan to show version of this software that includes the most modern packet switches (VOQ, CICQ and load balanced) and more statistics options for real Internet traffic conditions. Also, we intend to keep a simple user interface. 

At last, we shall try to find support for commercialization of our simulator.  
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