Routing High-bandwidth Traffic in Max-min Fair Share NetworksQingming Ma, Peter Steenkiste, Hui ZhangComputer Science DepartmentCarnegie Mellon University

OutlineuBackground— high-bandwidth traffic — max-min fair share networks uSingle-path routing—link state & cost metricsuMulti-path routing—multi-level max-min fairnessuConclusions

Different types of trafficuSmall interactive messages—low end-to-end per packet delayuContinuous-media stream—intrinsic rate and delayuBulk data transfers---high-bandwidth traffic —medical images and large files and data sets—low elapsed time:set-up + end-to-end-delay + (bytes / rate)—high rate is the key to reducing elapsed time

Approaches to improve performanceuTraffic control—prioritizing, reservation, �—preferential treatment: needs pricing and/or policies ORuUse resources more efficiently—optimized routing algorithm¨select path with highest rate—routing decision based on¨congestion information ¨application information

Max-min fair share networkuA fair rate allocation criterion—[Jaffe 81, Mosley 84, Hahne 86, Charny 94, �]—ATM ABR traffic managementuFlows share bandwidth equally unless being bottlenecked by other links—max-min fair share rate changes dynamically—possible to predict max-min share rate of new flowsbottleneck

1/31/31/32/3

Routing high-bandwidth trafficuNeed to access network load information—link-state routing—e.g., OSPF, ATM PNNIuRouting decision on a per-flow basis—we used source routing uSelect path that delivers high throughput—link cost functions based on max-min rate, not residual bandwidth

Link-state informationuPer-flow information can be too expensive—routing information distribution—max-min fair rate computation uSeveral alternatives to reduce state info —example: rate buckets

1015212 Mb/s3 Mb/s20 Mb/s45 Mb/s

Link metrics: balance length and widthushortest path—consume less resources, but rate can be lowuwidest path—high rate, but use more resources —more likely to lose share to new arriving flowsuuse index n to balance length and width

1inr�shortest path n = 0 widest path n inf n = 1

path n = 0.5 n = 2

length

Evaluation methodologyuSession-level event-driven simulatoruTraffic load—exponential arrival from hosts—ratio of HB traffic vs. non-HB traffic—uniform distribution vs. traffic concentrationuSimulation parameters

message sizenon-HB HB routingoverhead peak ratesetup cost1KB-1MB 0 ms

type1MB-1GB10 ms155 Mb/s3 ms

Three topologiesSize, connectivity, symmetry, 8 hosts/switchG2

46725310 G1

46725310 G31278111513563410109

Average throughput for different load: G1

02468101222.533.544.5shortestn = 0.5n = 1n = 2widestLoad per host (MB/s)

Throughput (MB/s)

Average throughput for different load: G2

0246810121416180.511.522.53shortestn = 0.5n = 1n = 2widestLoad per host (MB/s)

Throughput (MB/s)

Average throughput for different load: G3Load per host (MB/s)

Throughput (MB/s)

02468101214160.511.522.5shortestn = 0.5n = 1n = 2widest

Average throughput for different HB volume

5678910111030507090shortestn = 0.5n = 1n = 2widest% of bytes in HB

Throughput (MB/s)

Summary: single-path routing uShortest or widest path can perform poorly, depending on traffic load and topologyuLink metrics 1/r performs well under —both heavy and light load—uniformly distributed & concentrated traffic—different topology and size of the network—different volume of HB trafficuOther traffic classes also benefit from improved performance for HB traffic

Multi-path routinguUse unused bandwidthuProtect users of single pathBDAC

6 6link capacity: 10

A scenario of bandwidth squeezing

2 28 x 2BDAClink capacity: 10

Prioritizing multi-pathuSecondary path uses low priority

5 + 4

BDAClink capacity: 105564 (low priority path)

Why not disjoint paths? uNo two disjoint paths from switch A to EBDAC

6 6link capacity: 10E

Multi-level prioritized max-min fairnessuPrioritizing multi-path---one path per priority—low-priority paths use leftover bandwidth from high-priority paths—paths of the same priority form a max-min planeuLow overhead—source sets priority for each connection—switch does the same max-min calculation, using the bandwidth left over from higher priority plane—priority used in rate allocation, not in scheduling, no changes in scheduling and queueing

2-path routing---changing HB volume: G1

8910111213141510305070902-pathsingle

Throughput (MB/s)% of bytes in HB

2-path routing---changing network load:G1

46810121422.533.542-path:22-path2-path:1single

Throughput (MB/s)Load per host (MB/s)

2-path routing---changing HB volume:G1

8910111213141510305070902-path:22-path2-path:1single

Throughput (MB/s)% of bytes in HB

Sensitivity analysisuRouting information update interval—widest path is more sensitive to out-of-date info.uPeak rate for flows other than HB traffic—multi-path benefits more from low peak rateuRouting cost —little impactuCutoff between HB and other traffic classes—little impact

ConclusionsuRouting support for HB traffic—improves both user satisfaction and resource efficiencyuSingle path routing—uses rate information as link-state—a spectrum of link metrics: 1/r does consistently welluMulti-path routing —significant throughput increase for 2-path users—throughput increase for others using single path only