AN EMULATOR FOR TESTING THE PERFORMANCEOF FRAMED ACCESS SCHEMESNedo CelandroniN.Celandroni@cnuce.cnr.itErina FerroE.Ferro@cnuce.cnr.itFrancesco Potort�F.Potorti@cnuce.cnr.itCNUCE, Institute of National Research CouncilVia S. Maria 36 - 56126 Pisa - ItalyPhone: +39-050-593111 (operator)Fax: +39-050-904052ABSTRACTWe present the architecture of an emulator, namedFRACAS (

FRAmed

Channel

Access

Simulator)which is suitable for testing the performance ofDA-TDMA access schemes. The main strengths ofthe FRACAS architecture are its speed,extendibility, and the existence of a workingprototype whose portable source code is freelyavailable to students and researchers in the field offramed allocation methods. FRACAS was designedto compare different satellite access schemes, in aquick and accurate way. Anyway, it can beemployed for the performance evaluation of anyTDMA access method. The modularity ofFRACAS facilitates the inclusion of new features.FRACAS users can choose the networkconfiguration, the whole traffic load of thenetwork, the traffic load of each individual station,the request and the allocation policy, and thestatistics to collect. The validation test of ourimplementation of FRACAS is presented,comparing the results with those obtained in thereal experimentation.INTRODUCTIONIn the last few years many new methods foraccessing a data satellite channel in TDMA havebeen proposed in the literature [1-5, for example],alongside other older methods [6-10, for example].Few of these have actually been implemented asprototypes, and even less have come onto themarket. It is therefore difficult to compare theirperformances, mainly because of the lack of acommon testbed for the various solutions. Our pastexperiences during the test phase of satellite accessschemes in real environments [11] convinced us ofthe need for a simulation tool designed ad-hoc forevaluating the performance of satellite networksaccess schemes, that would enable us to define thenetwork topology, the traffic carried out by eachindividual station, the allocation request policy, thebandwidth allocation policy, and the statistics to becollected. Such a tool would facilitate changing theallocation policy in order to make comparisons andfind the most suitable one. The existing simulatorswhich can be found in the literature(1) are generallybulky and expensive. Most of them are general-purpose tools, so they do not exploit the particularstructure of TDMA access methods. Moreover,they are generally discrete-event simulators, i.e.they model a certain system as it evolves over timeby a representation in which the state variableschange only at a countable number of points intime. These points in time are the ones at which anevent occurs, where an event is defined as aninstantaneous occurrence which may change thestate of the system.We present the architecture of a high speed,lightweight emulator, named FRACAS, which isuseful for analysing the performance of demandassignment access schemes that have some sort offrame structure. Therefore it is well suited forsatellite TDMA access schemes, which are alwaysframed. We describe a proof-of-conceptimplementation, which is completely functionaland easy to extend. The prototype is a portablesoftware package, written in C, and has been usedin research projects [12, 13]. The allocationmethods considered by FRACAS may have eithercentralised or distributed control. The stationsreceive data traffic from a number of differentsimulated sources, which are representative of theactual traffic. Also, the architecture makes itpossible to adapt the simulation time and theaccuracy of results to the user�s purposes, both fora preliminary network dimensioning, and when aprecise exploration of the network performance isrequired. FRACAS produces some keyperformance figures, which are useful for studyingthe behaviour of an allocation policy, for exampleaverage and peak packet delay, traffic impulsedelay, and packet loss due to insufficient bufferspace.FRACAS was conceived in a researchenvironment, with the goal of being highlyspecialised, and therefore efficient, so that it can beused even on CPU bound machines. Technical

(1) OPNET, BONeS, RESQ, and AMS, for example.

details on the FRACAS prototypal implementationare not reported in this paper. Interested readers canfind them in [14].FRACAS FUNDAMENTALSFRACAS is a discrete-time emulator, so it is notbased on events. In our prototypal implementation,the time granularity is equal to the frame duration,which is the basic time unit of any action inFRACAS. This implies that everything thathappens inside a frame appears to happen at theend of it, and time measurements with a resolutionbetter than a frame time are not possible. We arguethat, when emulating TDMA allocation schemes,event-based simulation is an overkill because, mostof the time, all that is needed to get reasonablyaccurate emulations is to study what happens at theend of each frame. In order to obtain such abehaviour, it would certainly be possible to use anevent-based simulator to generate regularly timespaced events, one per frame, but this would meanthat the event-based simulator would not be usedefficiently. Even if the architecture of FRACAS ismaximally efficient when the time resolution isequal to one frame, any specification of the desiredtime granularity is also possible for each emulationrun. Although our prototypal implementation doesnot allow it, the time granularity could be made assmall as desired with respect to the frame duration.This feature would be useful when, after having runa series of tests and having tuned the system totheir liking, experimenters require and get themaximum possible precision from the simulation,by reducing the discretisation effects at the expenseof running time.FRACAS assumes that a frame of fixed duration isaccessed by a number of stations in conformancewith the allocations they have received. At eachframe, each station receives a number of trafficunits (TRU, which is the unit of measure of thetraffic in FRACAS) to be transmitted on the framedchannel, then it makes a request for an allocation.When all the stations have made their requests, theallocations are computed. The frame where theseallocations will be used by the stations is delayedwith respect to the frame where the requests havebeen made by an allocation delay, which generallydepends on the allocation policy. At each frame,each station queues the traffic units it has totransmit on the framed channel, and dequeues anumber of traffic units equal to the allocationreceived. Each pair requester-allocator defines aspecific allocation policy. The requester is theobject responsible for computing the number ofTRUs requested by each station (station request) ineach frame. There is only one requester for all thestations, that is, all the stations use the samecriterion for making their request. At each frame,each station calls the requester in order to computeits allocation request. There is a specific requesterfor each allocation policy. The allocator is theobject, invoked once per frame, which computesthe allocations for all the stations. It is invokedafter all the stations have called the requester. Theoutput of the allocator is an array of numbersrepresenting the number of TRUs that will beallocated to each station after the allocation delay.The policies currently included in our prototypalimplementation are:¥fixed TDMAa fixed assignment to eachstation;¥FODA/IBEAa centralised control systemdeveloped at CNUCE in theframework of the Olympusproject, validated by simulativeand experimental results [1];¥V2L-DAa centralised control systemwhich supports variable bit ratevideo traffic [15];¥FEEDERSa partially distributed controlp r o t o c o l d e r i v e d f r o m FODA/IBEA [2];¥DRIFSa fully distributed controlp r o t o c o l d e r i v e d f r o m FODA/IBEA [3];¥CFRAa slotted centralised controlallocation policy developed atENST-Toulouse [4].Modelling a network with FRACAS involveschoosing the allocation policy, a set of trafficgenerators for each station defined in the network,and, finally, a set of workers which will output thedesired statistics. The traffic generators areresponsible for computing the number of TRUsentering a station in each frame. All TRUs have thesame length, which is chosen according to thegranularity required. At each frame, a stationqueues the TRUs received from all its generators,and dequeues at most a number of TRUs equal toits allocation. The TRUs produced by a generatorare collectively identified by how many they are,that is, they are not individually distinguishable. Inorder to queue them, the station at each framesimply sums the current number of computedTRUs (queue length) to the number of TRUsreceived as input from the generators. Each stationis fed by an arbitrary number of generators, eachdefined by individual generation parameters. Thetraffic generators implemented in our prototypalimplementation include constant-bit rate, Poisson,periodic impulsive with constant rate or Poissonbursts, Markov-modulated impulsive, andfractional Gaussian noise. The traffic generatedbelongs to one of the following four types: stream(real-time, fixed throughput data, with the highesttransmission priority), vbr (variable bit rate data,with the second highest transmission priority), interactive data, and bulk data (with lowesttransmission priority). All the parts of FRACASkeep different structures for each of the four typesof traffic. Therefore, the input queue of each stationis composed of four counters, the request issued bythe requester is composed of four numbers, and theallocations computed by the allocator are expressedby four numbers per station.The workers are used to gather the statistics ofinterest. An arbitrary number of workers can bedefined, each of which has a specialised job. Whenthe emulator runs, at each frame many quantitiesinside the emulator can be probed in order tocompute statistics on them. The candidatequantities are termed observables. Each workermakes a single operation on the observables, suchas listing them into a file, and computing theirmean, variance, quantiles, mass distribution, and soon. All the observables can either be computed perstation, or globally, considering the system as awhole. In our prototype implementation,observables include the traffic in input to a station,the station�s input queue length and the input datadropped because of insufficient buffer space, therequests made and the allocations given to astation, the traffic sent, the allocation unused, andthe traffic delay. The basic observables areexpressed in numbers of TRUs per frame perstation, and for each station it is possible to monitorthe number of TRUs in input (that is, thoseproduced by the generators), the number of TRUssent, the available allocation, and the queue length.The delay is the only observable which denotes ameasure of time, expressed in number of frames. Itis computed as the difference between the framenumber when a TRU is generated and the framenumber when it is sent (queuing time), plus thesatellite round trip time. The delay observable isalso special because it can be computed either perframe or per TRU. In the former case, for eachframe a delay is computed which is the mean of thedelays of the TRUs sent in that frame; in the lattercase a delay is computed for each TRU sent.Denoting by I(f) the cumulative number of TRUs ininput to a given station at frame f, and by S(f) thecumulative number of TRUs sent by the samestation, FRACAS computes the queuing delay Dnof the nth TRU as Dn˚=˚fs˚-˚fi, whereS(fs)˚=˚I(fi)˚=˚n.Traffic generators and workers can be incorporatedinto FRACAS, or they can be built as externalapplications. Indeed, there is one ad hoc generator(external generator interface) which simply readsfrom an external program (or file) a list of numbers,which are interpreted as the number of TRUsgenerated per frame, and there is one worker(external worker interface) which writes a list ofobservables to an external program (or file). Thisfeature is particularly useful if other programsalready exist that can generate numbersrepresenting traffic or that can make particularstatistical computations on lists of numbers.IMPLEMENTATION RELIABILITYTo check the reliability of FRACAS we mademany comparisons between results obtained usinga real satellite network and the emulator. Here wepresent the measures of the packet delays in twodifferent situations. The traces in Figure 1 refer toan individual station whose input is loaded with atraffic step with a constant rate higher than thebandwidth of the satellite channel.The allocation method used in this test isFODA/IBEA. While both the prototype emulatorand the real system use the same allocationalgorithm, the results are not identical, because thereal system uses many implementation andhardware-dependent tricks, which are difficult toreproduce exactly in FRACAS. Moreover, theresolution of the emulated packet delay is oneframe (20 ms in this case), which introduces afurther error with respect to the measured delay.These effects notwithstanding, the emulated tracesreflect the measurements well, considering that weare comparing an emulator with a real system, notmerely with a mathematical formula.The relative errors are in the range of [-5%;˚5%].This test was chosen because it is particularlysevere, in that it highlights possible problems in theemulator. Indeed, the traffic that feeds the stationsaturates it, that is, the station is never allocatedenough capacity to empty its input queue. In such asituation all the emulation errors accumulate.

20030040050060070080090010001100

delay [ms]

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

2400

2600

2800packets

emulated

computedFig. 1 Packet delay of a station during a transient ofthe traffic load. Measurement and emulationresults.Figure 2 shows another test comparing theperformance of a real network composed of fourstations running the FODA/IBEA protocol, and theemulated behaviour. All stations are fed withPoisson traffic, with stations from 1 to 4 receiving42%, 32%, 20% and 6% respectively of the overallnetwork load. Three runs are performed, with threedifferent overall network loads, up to a load of85%, excluding all the overheads (signalling,preambles and guard times), which saturates theallocation method and results in queues at station 4.The real data are collected over periods of 30seconds, corresponding to 1500 frames. Even withthis complex set-up and the rather short runningperiod, the relative differences between measuredand emulated delays are in the range of [-6%;˚2%],with only one point where the difference exceedsone frame length (20 ms).Since all the timings in FRACAS are multiples ofone frame, no delay shorter than this quantizationunit can be resolved. This implies, for example,that null delays in a real system are rounded up to ahalf frame delay. The delays obtained withFRACAS generally have an error in the range of[-1;˚1]˚frames. This means that the mean packetdelay has a maximum error of 1˚frame, though theerror is effectively halved for emulation runs of anysignificant length. When FRACAS runs anemulation with a time resolution set to one frame,as in our implementation, its concept of time islimited to the current frame number. The trafficgenerators in FRACAS compute how many packetsare generated in the current frame, but noknowledge exists either about the exact instant inthe frame when each packet is generated or aboutthe instant in the frame when the packet is sent.FRACAS�s idea of delay in this case is that, if apacket is generated in a frame and there is anallocation available after N frames the packet has adelay of N frames. In reality, the packet�s delaywould lie in the range of [N-1;˚N+1] frames,depending on the point in the frame when thepacket arrives and the point when it leaves.

260280300320340360380400420440460480500

End-to-end delay [ms]

0

5

10

15

20

25

30

35

40Single station load [%]overall load = 85%overall load = 80%overall load = 42%St. 4St. 3St. 2St. 1_ _ _ _ Real case- - - - SimulationFig. 2 Mean packet delay for four stations undermedium and high loads. Measurement andsimulation results.The delay error is the sum of two errors: the erroron the position of the arriving packet in the frame(arriving error), and the error on the position in theframe of the leaving packet (leaving error), each inthe range [-0.5;˚0.5] frames. The leaving error isnot easily estimated, because it depends on theposition of the allocation inside the frame, whichcan have any distribution (and thus any mean)inside the range. For a given allocation policy, itmay be possible to compute a distribution of theallocation position, and thus get an estimate of therange of the leaving error which is more accuratethan the generic [-0.5;˚0.5] frames, as in the case ofa fixed allocation. However, this is generally notpossible. The arriving error, on the other hand, canbe estimated with high accuracy if we assume thatthe instants when the packets arrive have nocorrelation with the frame repetition period, whichis generally the case. Under this assumption, apacket�s delay error has a uniform distribution inthe error range. If we assume an emulation runlasting a number of frames k (say, k ¨100), the errorof the mean is well approximated by a Gaussiandistribution with a null mean and variance equal to

112k

frames, which is negligible for any practical

purpose. For example, in an emulation run lasting10000 frames, the 99.7% confidence interval of themean of the packet delay would be less than –1%of the frame size.Thus, for all meaningful emulation runs for whichthe packet generation rate is not synchronised withthe frame rate, we can assume that the error of themean delay computed by FRACAS has an error int h e r a n g e [ - 0 . 5 ; ˚ 0 . 5 ] f r a m e s , w h o s e d i s t r i b u t i o n depends on the allocation policy.CONCLUSIONS AND FUTURE WORKWe have presented the architecture for aperformance evaluation tool, which is especiallysuitable for research teams and students, to exploreand compare different satellite access policies inTDMA. The source code of our prototypeimplementation is freely available to students andresearchers for downloading at: ftp://fly.cnuce.cnr.it/pub/fracas.tgz.(2)The tool seems to be very useful for the academiccommunity, as it is supported by the amount ofpositive feedback we have had from people whohave used the source programs. Work is in progresstowards enabling the prototype to run independentreplication tests, in order to accurately assess thereliability of the results obtained. Another directionof improvement is the implementation of timeresolutions smaller than one frame. Although webelieve that smaller time resolutions generally addnothing to the significance of the results, it may beimportant in some corner cases, where thebehaviour of the emulated system appears to beunstable, and changing the time resolution mayprovide a deeper insight into its response to trafficloads. Moreover, we are investigating thepossibility of augmenting the FRACASarchitecture with the capability to consider thebehaviour of allocation policies when faced withsevere casualties, such as signal fades. This wouldallow the analysis of recovery from disastrousevents (power and component failure) or poorsignal reception (deep signal fading).REFERENCES[1]N. Celandroni, E. Ferro, N. James, F. Potort�:�FODA/IBEA a flexible fade countermeasuresystem in user oriented networks�,International Journal of SatelliteCommunications, Vol. 10, N. 6, pp. 309-323,November-December 1992.

(2) U s e r s w h o d o w n l o a d t h e F R A C A S c o d e a r e k i n d l y requested to notify any of the authors of this paper.[2] N. Celandroni, E. Ferro, F. Potort�:�FEEDERS-TDMA: a distributed-controlalgorithm for satellite channel capacityassignment in a mixed traffic and fadedenvironment�, International Journal onSatellite Communications, Vol. 15, No. 4,pp. 185-195.[3] N. Celandroni, E. Ferro, F. Potort�: �DRIFS-TDMA: a proposal for satellite accessdistributed control algorithm for multimediatraffic in a faded environment�, Vol. 15, No.5, pp. 227-235, September-October 1997.[4]T. Zein, G. Maral, T. Brefort, M. Tondriaux:�Performance of the Combined/FixedReservation Assignment (CFRA) scheme foraggregated traffic�, Proceedings of theCOST-226 Final Symposium, pp. 183-198,Budapest (H), 10-12 May 1995.[5]N. Celandroni, E. Ferro: �The FODA-TDMAsatellite access scheme: presentation, studyof the system, and results�, IEEE Trans.Communications, vol. COM-39, pp. 1823-1831, Dec. 1991.[6]S.N. Crozier: �Sloppy-Slotted ALOHA�,proceedings of the International MobileSatellite Conference, Ottawa, 1990, pp. 357-362.[7]S.S. Lam: �Packet broadcast networks - Aperformance analysis of the R-ALOHAprotocol�, IEEE transactions on Computers,vol. C-32, no. 8, pp. 717-726, Aug. �83.[8]I.M. Jacombs, R. Binder, E.V. Hoversten:�General purpose packet satellite Networks�,proceedings of the IEEE, vol. 66, no. 11, pp.1448-1467, Nov. 1978.[9]C.J. Wolejsza Jr., J. McCoskey, D. Taylor:�The Random Access with NotificationMultiple Access Protocol: performance andimplementation�, ICDSC 8, pp. 131-138,Jan. 1989.[10]Tho Le-Ngoc, V. Krishnamurthy:�Performance of Combined Free/DemandAssignment Multiple-Access schemes insatellite communications�, InternationalJournal of Satellite Communications, Vol.14, 11-21 (1996)[11]N. Celandroni, E. Ferro, F. Potort�, A.Bellini, F. Pirri: �Practical experiences ininterconnecting LANs via satellite�, ACMSIGCOMM Computer CommunicationReview, Vol. 25, No. 5, October 1995.[12]N. Celandroni, E. Ferro, F. Potort�:�Comparison between distributed andcentralised demand assignment TDMAsatellite access schemes�, InternationalJournal on Satellite Communications, Vol.14, No. 2, pp. 95-112, March-April 1996.

[13]N. Celandroni, E. Ferro, F. Potort�, G. Maral:�Delay analysis for interlan traffic usingtwo suitable TDMA access schemes�,International Journal of SatelliteCommunications, Vol. 15, No. 4, pp. 141-153.[14]N. Celandroni, E. Ferro, F. Potort�:�FRACAS: FRAmed Channel AccessSimulator. User Manual�, CNUCE ReportC95-27, September 1995.[15]N. Celandroni, M. Conti, E. Ferro, E.Gregori, F. Potort�: �A bandwidthassignment algorithm on a satellite channelfor VBR traffic�, International Journal onSatellite Communications, Vol. 15, No. 6,pp. 237-246, November-December 1997.