
Real-time Streaming via 
Optimal Scheduled 

Downloads
OR: How To Confuse Everybody By Submitting Something 
That Has Nothing To Do With Either Graphics or Machine 
Learning to a Graphics and Machine Learning Workshop



Goals

¥Stream high-quality video in real-time

¥Find the Òleast costÓ usage of node upload 
capacities on a p2p network

¥Guarantee quality of service throughout the 
lifetime of the stream



The Transportation Problem

¥We have N depots, M stores, and a cost 
function for delivering goods from each 
depot to each store

¥Depots have capacities, and cannot be 
assigned to delivery more items than are 
currently in stock

¥Find the cheapest cost way to deliver all 
desired goods from available depots



Our Transportation Problem
¥Partition stream up into smaller Þles.  Each 

Þle is an item which needs to be delivered

¥Nodes which already have Þles in the stream 
function as depots

¥Nodes desiring to view that Þle of the 
stream play the role of stores (i.e., they place 
a demand in bits/sec for that Þle)

¥Capacities stated in terms of upload/
download bandwidth



xi, f , j = percentof nodeiÕs demandfor Þle f suppliedby node j

Ratei, f = ratein bits/secthatnodei needsto receiveÞle f

Costi, f , j = costin (bits/sec)! 1 of transferringÞle f from node j to nodei

Each term in this sum is the price of 
delivering x% of Þle f to node i from node j

1.  All rates at all nodes are satisÞed

2.  No node downloads more 
than it can handle

3.  No node uploads more 
than it can handle



Cost Function

¥Capture something about the ÒpriceÓ of 
transferring data between any pair of nodes

¥Nodes ÒcloseÓ to each other should be the 
ones talking

¥Distance deÞned in latency space

¥Node reliability should also come into play



Determining Solutions

¥Which solution method to use is unclear

¥Is it better to Þnd the exact minimizer or 
get a Òpretty goodÓ approximation?

¥Desirable properties:

! Parallelizable/Distributed/Decentralized

! Warm/hot startable



Particle Swarm 
Optimization

¥Stochastic, population-based optimization 
technique

¥Trial solutions represented as particles 
which ßy through the problem domain with 
changing velocities

¥At each step, particles move towards the 
best known solutions so far, ultimately all 
converging upon a minimizer



Basic PSO Algorithm

for 1 ! i ! n

xi ! xi + vi

vi ! ! vi + c1r1 " ( öxi # xi) + c2r2 " ( ög# xi)

if f (xi) < f ( öxi), öxi ! xi

if f (xi) < f ( ög), ög ! xi

while not converged

xi = particleiÕscurrentposition

öxi = particleiÕsminimizersofar

ög = bestknown minimizerfoundsofar



¥Basic framework easily extendable to 
include arbitrary constraints

¥Easily distributable among all available nodes

¥Nodes always implement best known global 
solution so far

¥Solution vector mostly reusable when 
changes to problem and objective function 
made

PSO Advantages



Issues
¥WhatÕs the best mechanism for sharing 

information among the nodes: MPI, DHT, 
message-routing, etc.?

¥Naive formulation of the problem involves 
LOTS (O(n^2)) of variables!  This means 
pain when it comes to updating objective 
function, constraints, and when distributing 
the best minimizer

¥How to best reduce the number of 
variables?  (What network topology to use?)



Future Directions

¥Packet level simulator / implementation

¥Utilize residual bandwidth and solve the 
Facility Location Problem (where to push 
content for the least cost downloads in the 
future)

¥Experiment with cost functions,  aggressive 
scheduling, etc.


