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The Failure of Poisson Modeling John Blesswin



Outline Introduction Traces data TCP connection interarrivals TELNET packet interarrivals Fully modeling TELNET originator traffic FTPDATA connection arrivals Large-scale correlations and possible connections to selfsimilarity • Implications • • • • • • •



1. Introduction (1) • In many studies, both local-area and wide-area network traffic, the distribution of packet interarrivals clearly differs from exponential. – [JR86,G90,FL91,DJCME92]



• For self-similar traffic, there is no natural length for a “burst”; traffic bursts appear on a wide range of time scales. • Poisson processes are valid only for modeling the arrival of user sessions – TELNET connections, FTP control connections – WAN packet arrival processes appear better modeled using selfsimilar process



1. Introduction (2) • This paper show that, in some cases commonly-used Poisson models seriously underestimate the burstiness of TCP traffic over a wide range of time scales. (time scales >= 0.1 sec) • Using the empirical TCPlib distribution for TELNET packet interarrivals instead results in packet arrival process significantly burstier than Poisson arrivals. • For small machine-generated bulk transfers such as SMTP(email) and NNTP(network news), connection arrivals are not well modeled as Poisson.



1. Introduction (3) • For large bulk transfer, FTPDATA traffic structure is quite different than suggested by Poisson models. – FTPDATA in bytes in each burst has a very heavy upper tail – A small fraction of the largest bursts carries almost all of the FTPDATA bytes. • Poisson arrival processes are quite limited in their burstiness, especially when multiplexed to a high degree. • Wide-area traffic is much burstier than Poisson models predict over many time scales.
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2. Traces used
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3. TCP connection interarrivals • DEC1-3 24-hour pattern – One-hour intervals all protocols are well-modeled by a Poisson process – Ten-minute intervals only FTP session and TELNET session arrivals are statistically consistent with Poisson arrivals. – The arrivals of NNTP,FTPDATA, and WWW connections are not Poisson processes.



Appendix A Methodology for testing for Poisson arrivals • Poisson arrivals have two key characteristics: – Exponentially distributed, and independent



• Using the Anderson-Darling test (A2) – Empirical distribution test



4. TELNET packet interarrivals • They will usually include both echoes of the user’s keystrokes and larger bursts of bulktransfer consisting of output generated by the user’s remote commands. • Unlike the exponential distribution, the empirical distribution of TELNET packet interarrival times is heavy-tailed.



Geometric mean Arithmetic mean



• Shorter interarrivals will be overestimated • Longer interarrivals will be underestimated • For exponential distribution models – Full 25% of the interarrivals as being less than 8 msec, 2% being longer than 1 sec



• For actual data under 2% were less than 8 msec, over 15% more than 1 sec



• The interarrival, the main body of the observed distribution fits very well to a Pareto distribution – Shape parameter β ~= 0.9~0.95



Appendix B Pareto distributions • Shape parameter • Location parameter • Power-law distribution, double-exponential distribution, and the hyperbolic distribution • To model distributions of incomes exceeding a minimum value, and size of asteroids, islands, cities and extinction events



Pareto distribution



a: location parameter β : shape parameter β 


Pareto distribution • For heavy-tailed defines a distribution of heavy-tailed



Pareto distribution in NS2 • • • • • • • • • •



set rng [new RNG] $rng seed 2 puts “Testing Pareto Distribution” set r1 [new RandomVariable/Pareto] $r1 use-rng $rng $r1 set avg_ 10.0 $r1 set shape_ 1.2 for {set i 1} {$i 


More clustered



The same mean 1.1 seconds for both



Multiplexing packet arrival processes • 10 mins simulations with 100 active TELNET connections • All connections were active fro the entire duration of the simulation. • Multiplexing packet arrival processes • Tcplib – Mean 92, variance of 240



• Exponential – Mean 92, variance of 97



Aggregation size



Comparisons of actual and exponential TELNET packet interarrival times



5. Fully modeling TELNET originator traffic • Telnet connection arrivals are well-modeled as Poisson process • Telnet packet interarrival times can be modeled by Tcplib • The connection size in bytes has been modeled by log-normal distribution[P94a] • Construct a complete model of TELNET – Only by the connection arrival rate parameter



Appendix E. Log-normal distributions



Log-normal distribution • 當觀測的數據為右傾(skew to the right), 常可 以對數常態為其模式。例如, 國民所得之分 佈通常為右傾: 高收入的人較少, 低收入的 人較多。



Appendix E. M/G/∞ and log-normal distribution • If F is a Pareto distribution, then the count process from the M/G/∞ model is asymptotically self-similar • If the lifetime have a log-normal distribution, the count process from M/G/∞ model is not long-range dependent



Log-normal distributions • the Pareto, log-normal, Weibull distributions are all defined as long-tailed.



6. FTPDATA connection arrivals • FTPDATA connections within a session are clustered in bursts, – Burst size in bytes is quite heavy-tailed – Half of the FTP traffic volume comes from the largest 0.5% of the FTPDATA bursts. – These bursts completely dominate FTP traffic dynamics



• The FTPDATA packet arrival process for an FTPDATA connection is largely determined by network factors – Available bandwidth, congestion, TCP congestion control



FTPDATA • FTPDATA packet interarrivals are far from exponential[DJCME92]



Better approximated using log-normal



2%



(bursts,connections) 0.5%



• The distribution of the number of connections per burst is well-modeled as Pareto distribution



7. Large-scale correlations and possible connections to self-similarity



• kr(k) =  (long range dependence) 



 







For models with only short range dependence, H is almost always 0.5 For self-similar processes, 0.5 < H < 1.0 This discrepancy is called the Hurst Effect, and H is called the Hurst parameter Single parameter to characterize self-similar processes



7. Producing self-similar traffic(1) • There are several methods for producing self-similar traffic – Multiplexing ON/OFF sources, fixed rate in the ON periods, ON/OFF period lengths are heavy-tailed – M/G/  • Xt is the number of customers in the system at time t • Count process {Xt}t=0,1,2… • Multiplexing constant-rate connections that have Poisson connection arrivals and a heavy-tailed distribution for connection lifetimes • Result in self-similar traffic



Producing self-similar traffic(2) • Using i.i.d Pareto interarrivals with β~=1



Relating the methods to traffic models-TELNET • On smaller time scales – i.i.d Pareto



• On large time scales – M/G/∞ –



Relating the methods to traffic models-FTP • Per FTP traﬃc ﬁts in some respects to the M/G/∞ model of Poisson arrivals with heavy-tailed lifetimes. • FTP sessions have Poisson arrivals. • Mul plexed FTP traﬃc diﬀers from the M/G/∞ model of self-similar traffic with constant-rate connection – TCP congestion control



• Modify M/G/∞-> M/G/k – Limited capacity



Large-scale correlations in general wide-area traffic



Fractional Gaussian process



• Fractional Gaussian noise (FGN) [22] – Gaussian process with mean , variance 2, and – Autocorrelation function r(k)=(|k+1|2H-|k|2H+|k-1|2H), k>0 – Exactly second-order self-similar with 0.5


8. Implications (1) • Modeling TCP traffic using Poisson or other models that do not accurately reflect the long-range dependence in actual traffic. – Underestimate the delay and maximum queue size



• Linear increases in buffer size do not result in large decreases in packet drop rates • Slight increase in the number of active connections can results in large increase in the packet loss rate • In reality “traffic spikes” ride on longer-term “ripples”. – Detect the low-frequency congestion



8. Implications (2) • For FTP, a wide area link might have only one or two such bursts an hour, but they dominate that hour’s FTP traffic • Suggest that any one interested in accurate modeling of wide-area traffic should begin by studying self-similarity.
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