ATM VIRTUAL CHANNELS SIMULATION FOR A PACKET NETWORK

SIMULATOR

JulijeOzegovic 1 , Mario Mornar 2

1. Faculty of Electrical Engineering, Mechanical Engineering and Naval Architecture, University of Split,

HR-21000 SPLIT, R. Boskovica bb, Croatia, julije.ozegovic@fesb.hr

2. Croatian Post and Telecommunications, Telecommunications Center Split,

HR-21000 SPLIT, Sinjska 4, Croatia, mario.mornar@efst.hr

ABSTRACT : The step by step introduction of ATM technology will in the next decade result in heterogeneous networks of Ethernet LANs interconnected through the ATM WAN segments. The protocol and flowcontrol architectures of heterogeneous networks are analyzed. End to end flowcontrol with traffic shaping at the edge of the ATM network is assumed. In this work, the simulation of heterogeneous networks using the event driven simulation systems is based on a simple ATM SVC model which consist of traffic shaper and a conventional communication channel. The experimental implementation of the model is described, and the preliminary simulation results are presented.

KEY WORDS : event driven simulation, ATM, Internet, end to end flow control

1. INTRODUCTION

Thebroadband integrated services networks will probably becompleted through therealization of theglobal public ATM network, which is to beused for theEthernet LAN interconnections [2]. In theheterogeneous networks of such structuretheconditions for thedata traffic growth areto beachieved, wheretheflow control algorithms take the main role in the process of integration.

Experimental ATM and heterogeneous networks havebeen built in recent years to investigatetheflow control dynamics and predict their operational characteristics. However, simulation of such networks is an unavoidable step in theperformanceanalysis, which provides thepossibility to control the every aspect of the experiment.

Financial effects of the simulation experiments are significant as well.

Among several classes of theATM and packet networks simulators, the event driven simulator systems are common becauseof their suitability to incorporatethesophisticated flow control algorithms [1]. Morethan that, thosealgorithms areimplemented using thesamecodeas in thereal implementations, contributing to the experimental results reliability and to the quality of the software solutions tested.

Depending on the experiment’s topics, event driven network simulators arebuild to simulatepacket or ATM networks. Merging thetwo is not a trivial issue, becauseresulting simulation structureis complex, dependent on a large number of simulation parameters, and results are interpreted with significant difficulties.

Our approach to theproblem is to implement theATM network channels as an extension to thepacket network simulator, based on thesimplemodel of data traffic shaping on the edgeof theATM part of the heterogeneous packet network.

2. ATM AND HETEROGENEOUS NETWORKS FLOW CONTROL ARCHITECTURE

TheATM (Asynchronous Transfer Mode) technology has been developed in last ten years to providethemedia for various traffic integration (voice, video, multimedia, real-time, data). Its perspectiveis based on the compatibility with theSDH/SONET optical transmission system. However, ATM technology lacks the application layer and will depend on other specifications. It is likely that theInternet application layer, and consequently transport and network layer specifications, will betemporarily adopted dueto the existing

Internet customers population.

Step by step realization of theglobal public ATM network will postpone expected changes of thecustomers installations. Taking into account the existing baseof Ethernet (and other LAN) installations, it can beforeseen that thenext decadewill bedominated by theEthernet LANs interconnected through ATM networks, possibly evolving to theglobal public ATM network. Such networks wecall "heterogeneous". Theprotocol architecture of the heterogeneous network, based on the Internet paradigm, is shown on the Figure 1.

Figure 1 - The protocol architecture of the heterogeneous network

In such a network, using existing network (IP) and transport (TCP) protocols to maintain compatibility with thenon-ATM parts of theglobal Internet, it is not possibleto usetheATM flow control mechanisms to tune thesending rateof theterminal transmitter. Thesamedifficulties occur in thesimplecasewith a terminal using theInternet protocols directly connected to theATM network. At themoment, only IP to ATM address transformation is solved, whiletheoptimal ATM SVC (Switched Virtual Channel) parameter signalization is far from thefinal specification. However, using SVCs makes it possiblefor IP network to usetheoptimal routing of the underlying ATM network.

TheATM traffic management specification [5] provides four classes of service, theCBR (Constant Bit Rate), real and non real timeVBR (VariableBit Rate), ABR (AvailableBit Rate) and UBR (Unspecified Bit Rate).

CBR and VBR useforward flow control, appropriatefor high capacity traffic flows when significant network delay prohibits thelost packet retransmission. Users negotiatetheSVC parameters with thenetwork, and later shapetheir traffic in accordanceto theseparameters. Thenetwork controls theuser traffic conformance, marking excessive cells lower priority or dropping them altogether.

TheABR and UBR classes areprovided for data communication users, interfacing through theAAL5 layer.

ABR guarantees someQoS (Quality of Service) providing backward (feedback) flow control. Theavailable rateis signaled to theAAL5 process, wheretraffic shaping takes place. Conformancetests areperformed at thenetwork sideof theinterface. UBR class of serviceprovides no flow control. Low priority cells are buffered at theATM nodes, whilethe excessivedelays and possiblecell losses can beused as theimplicit congestion indication to the transport layer flow control algorithms.

Theonlypossibleflowcontrolarchitectureat thecurrent stageofprotocoldevelopment isthe endtoend(transport layer)flowcontrol, Figure2. Thisapproachisalsotheonlyappropriateonefor theUBR classofservice.

Figure 2 - The flow control architecture of the heterogeneous network

Theinterest of theuser is to minimizecell losses, i.e. to shapehis traffic to theSVC parameters negotiated.

This function is performed at theIP-ATM interface(AAL), often far away from theterminal transmitter process. Other simulation studies haveshown that theconsequenceof theshaping process is thecell buffering at the edgeof theATM network [4]. Themain roleof traffic shaping, to protect other ATM users from misbehavingones,isachieved.

3. ATM VIRTUAL CHANNEL MODEL

The existenceof thetraffic shaping process at the edgeof theATM network makes it possibleto simulate

ATM SVCs in a simpleway. Instead of simulating a whole, complex ATM network, onecan simulatethe dynamics of thetraffic shaper at the edgeof theATM network. It can beassumed that theshaped traffic will beserved with negotiated QoS, meaning with constant delay and low cell loss probability. Another advantage of this approach is that a complex model of ATM network with numerous simulation parameters (of the background traffic) is substituted with a simplemodel which needs managing only few simulation parameters.

TheATM SVC is simulated using a traffic shaper and a conventional, constant delay duplex channel T pi , C i ,

Figure 3.

Figure 3 - The ATM SVC simulation model

TheATM traffic management specification defines theconformancetesting procedurebased on theleaky bucket model. To satisfy conformancetests, users can shapetheir traffic using thesameleaky bucket algorithm. This approach is appropriate for the event driven simulation systems.

Theleaky bucket shaper for thepacket network consists of a cell buffer, wherepackets aresegmented to cells, and a PCR (Peak Cell Rate) sender synchronized with thecredit availability. Credits aregenerated with the appropriateprocess at SCR (Sustained Cell Rate) and accumulated at thecredits buffer. Thecredit buffer depth is tuned to the MBS (Maximum Burst Size) value.

TheCBR class of service emulates switched channel with constant cell rateand nearly constant delay appropriatefor voicecommunications. TheCBR channel simulation is achieved setting SCR=PCR and

MBS=1, i.e. peak and sustained cell rates arethesameand maximum burst sizeis onecell (no cell bursts),

Figure 4.

Figure 4 - The CBR simulation model

TheVBR class of serviceis devoted to users which send their cells at variablerate(compressed voiceand video, multimedia), which makes it possibleto statistically multiplex their data flows. Thenetwork utilization is higher than with CBR service, and consequently more economical to theuser. TheVBR channel simulation is characterized with separatePCR and SCR settings together with theMBS greater than 1, meaning that cell bursts are allowable, Figure 5.

Figure 5 - The VBR simulation model

Theresidual network capacity is offered to data communications users after theCAC (Customer Admission

Control) process has madenecessary resourcereservations for CBR and VBR channels. TheABR class of serviceis used for data communications with closed flow control feedback loop, to inform users about the averageresidual capacity available. Thetraffic management specification specifies explicit congestion notification mechanism and explicit ratesignalization mechanism. Our model is based on thecongestion indication mechanism. Thesending process sends special forward RM (ResourceManagement) cells every

32nd data cell or at least every 100 ms. Forward RM cells collect thecongestion information in theCI

(Congestion Indication) and NI (No Increase) bits. TheRM cell is sent back at thedestination (backward cell).

After reception of thebackward RM cell, sender process either decreases its ACR (Actual Cell Rate, CI=1), increases ACR (CI=0, NI=0), or simply keeps its ACR constant (CI=0, NI=1). TheACR increaseand decrease rates are set at the channel establishment phase (default to 1/16).

Theactual ABR channel simulation is achieved performing themodulation of thecredit generator with a random process, bounded to (0.1 - 1)*PCR. Therandom process changes its state every 100 ms. The effect of random process is synchronized to thecredit generator with RM cell mechanism according to thetraffic management specification, Figure 6.

Figure 6 - The ABR simulation model

TheUBR channels areused for data communications without any QoS guarantees. No flow control nor conformancetesting areprovided. Thecells areset to low priority level and dropped if excess nodebuffer capacity is occupied. Thecell buffering has theconsequenceof prolonged cell delays. In our UBR simulation model thecredit generation is modulated with random process on every cell to inducecell delays. Thecell loss process with loss probability proportional to the cell delay is included, Figure 7.

Figure 7 - The UBR simulation model

4. EXPERIMENTAL IMPLEMENTATION

TheATM channel simulation models are experimentally embedded in theLawrenceBerkeley Laboratory

Network Simulator NS-1.1, an event driven packet network simulator designed for theresearch of the end to end flow control algorithms [6]. The object structure of the simulator is presented on the Figure 8.

Figure 8 - The LBL NS-1.1 simulator object structure

Central process of thesimulator is the event scheduler working in thesimulation time. Thesimulation topologies arebuilt from thenodeobjects, connected through thelink objects (communication channels). Link objects perform server algorithms (FIFO, RED, class based queuing). TCP agents, which includeflow control algorithms, resideabovetheappropriatenodes, and logical connections between transmitters and receivers are established. IP routing is accomplished automatically. Several data sources areavailableto simulateuser behavior. Receiver agents just drop received "data~.

ATM channels are embedded in thelink object of thesimulator, spreading its functionality with thefour classes of ATM service. Thesimplified formal specification of thesimulation algorithm using thepseudo language is shown in Figure 9.

object link function handle (event from scheduler) if (event=send_interrupt) send(), exit;

if (event=credit_interrupt) new_credit(), exit;

if (event=random_credit_interrupt) random_credit_update(), exit;

if (event=RM_minimum_imterrupt) send_RM_cell(), exit;

// default (event=RM_receive_interrupt) update_ABR_rate(), exit;

function send () if (atm=NO) conventional_channel_send(), exit;

if (credits=0) exit;

if (cell_count=0) if (new_packet=0) exit;

cell_count (new_packet);

if (atm=UB R) random_time=f (random_function, PCR);

credits--;

schedule send_interrupt (PCR)

if (atm=UBR) cell_lost(random_function, PCR);

if (atm=ABR)

RM_cell_count--;

if (RM_cell_count=0) send_RM_cell();

if (--cell_count=0) // last cell of packet if (atm=UBR & cell_lost=1) drop_packet();

else

ATM_packet_send();

function new_credit () credits++(max_credit_number);

if (atm=ABR or atm=UBR) schedule credit_interrupt (random_credit);

else (atm=CBR or ATM=VBR) schedule credit_interrupt (SC R);

function random_credit_update () random_credit=f (random_function, PCR);

schedule random_credit_ interrupt (100 ms);

function send_RM_cell ()

RM_cell_count=32;

schedule RM_receive_interrupt (2*delay);

cancel RM_minimum_interrupt;

schedule RM_minimum_interrupt (100 ms);

Figure 9 - The formal specification of the ATM channel simulation

The experimental results of theTCP-Reno flow control algorithm behavior on a simpleone-channel network are presented on the Figure 10.

TCP-Reno, 15 kb/s, 10 ms time (s)

packets

100

110

120

130

140

150

160

170

180

0 10 20 30 40 50 60 70 80 90 100

ENQUE

DEQUE ACK

TCP-Reno, 15 Mb/s, 10 ms time (s)

100

110

120

130

140

150

160

170

180

190

200

0