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Model of a fifo queue with tail drop policy Optimal control (Pontryagin principle) Practical Implementation
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PART I



Model of a fifo queue



Optimal Adaptive Feedback Control of a Network Buffer – p.4/19



Fluid flow model of a FIFO buffer average λ pps asynchronous arrival



x



service rate (average µ ) asynchronous departure



How many packets in the queue (average) ?



Optimal Adaptive Feedback Control of a Network Buffer – p.5/19



Fluid flow model of a FIFO buffer average λ pps



x



asynchronous arrival



service rate (average µ ) asynchronous departure



How many packets in the queue (average) ? λ



Queueing system theory



µ



50 40



λ= µ x 1+x



30 20



For M/M/1 system



10 buffer occupancy [packet] 0



10



20



30



40



50



Optimal Adaptive Feedback Control of a Network Buffer – p.5/19



Dynamical model (single queue) v(t)
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Dynamical model (single queue) v(t)



x



w(t) service rate (average µ )



x˙ = v(t) − r(x(t)) µx w(t) = r(x(t)) = a+x For M/M/1 system (a=1)



λ



r(x) [pps] x−



µ



50



Equilibrium



40 30 20 10



buffer occupancy [packet] 0



10



20



30



40



50



Optimal Adaptive Feedback Control of a Network Buffer – p.6/19



Dynamical model (single queue) v(t)
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x˙ = v(t) − r(x(t)) Approximate dynamical extension to queueing theory
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Influence of parameter a Fluid flow model: x˙ = u(t) − buffer load [p] x 9 8
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PART II



Optimal control
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Problem Resolution H(x, t, u) = L(x, t, u) + pf (x, t)   = x(t) + R w − u(t)
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Problem Resolution H(x, t, u) = L(x, t, u) + pf (x, t)   = x(t) + R w − u(t) u∗ = arg.min0≤u(t)≤w H(x∗ , t, u) aµ p(tf ) = 0 p˙ = −1 + p 2 (a + x) x˙ = f (x, t)
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Example: Max-Sing-Max w
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PART III



Implementation
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Implementation Obtain fluid-flow measures of ˆ needed variables:ˆ x, λ Obtain an estimate a ˆ of the parameter a
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Fluid flow measures ∆ = Sampling time interval N = number of packets τ = total retention time
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Fluid flow measures N ˆ λ = ∆ τ ˆ T = N



: average rate : average retention time
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Results (discrete event queue) Cost
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Conclusion



Nearly optimal closed loop control of a FIFO queue Obtained with SIMPLE and PRACTICAL network measurements
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Conclusion



Nearly optimal closed loop control of a FIFO queue Obtained with SIMPLE and PRACTICAL network measurements Thank you !
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