
MAASCOM
Control of Multi-Scale Networks

Retransmissions, 

Heavy Tails and Long-

range Dependence

Jian Tan and Ness Shroff
ECE and CSE

The Ohio State University

(Part of work joint with Predrag Jelenkovic)



Retransmissions

Â Retransmissions: integral part of modern network architecture

ÅApplication layer (HTTP)

ÅTransport layer (end-to-end ACKs)

ÅMAC layer (ALOHA)

ÅData link layer (ARQ)

Â Heavy Tails and Light Tails

ÅIt was thought that # of retransmissions is geometric

(Bertsekas& Gallager, Data Networks 1992)

ÅRecently, we show retransmissions cause heavy-tailed delays



Heavy tails & power law distributions

ÅWidely observed (socioeconomic, physical, technological areas)

ÅBeneficial (power law graphs ...)

ÅUndesirable (long delays, zero throughput ...)

A random variable T has a power law tail

or, more generally,

Pareto and geometric distributions

with the same mean and variance



What causes heavy-tailed delays?

ÁConventional belief:

heavy-tailed file sizes

Á New explanation:

Retransmissions can cause heavy tails even for light-tailed files        

and system parameters 

First work that entirely attributes heavy tails to network 

protocol design



Traditional evaluation of retransmissions

Â Standard data network textbook:

Åp: packet success probability

ÅN: number of retransmissions 

Â What is wrong with this argument?

Åtwo packets of sizes 1 and 100, p(1) = p(100)?

Â Simple slotted channel with success probability p in each slot

Â Hence, for packet of size l,  

Â Note that in practice l is not fixed



Retransmission channel with failures

Â On-off model of channel failures

ÅUnit capacity

ÅOn-off process

īavailable period

īunavailable period

Â Retransmissions

ÅRandom data unit L

ÅIf                 transmission is

successful

ÅIf not, retransmit L in



Assumptions and notation

ÅL takes values on [0,b]

Å mutually 

independent i.i.d. random variables

The total number of retransmissions for  the data unit L

and the total transmission time



Power law delays 

[L has infinite support]

ÂTheorem [             ]

and, assuming                                          for some            , then,

ÂImplications:

ÅZero throughput :

ÅInfinite queue:



Corollaries [L has infinite support]

ÂExponential

ÂGaussian



Simulations 

[L has infinite support]

Â Traditional stability                           short delay?



What if L has finite support on [0,b]? 

Â Tails are eventually light

Â Study the ñwaistò

ÅScale b as well to get the desired limits

ÅRecall packet size = L

ÅIntroduce a hidden random variable      that has infinite support

such that  



L has finite support

Â

Â the structure of P[N(b)>n]     



L has finite support

ÂSimilar results hold for T(b)



L has finite support

ÂSimulation


