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Motivation #1 • Speed up slow start – Internet is dominated by Web traffic and short lived connections that never exit slow start – Altas Internet Observatory 2009 Annual Report (technical plenary on Thur.)



• Web objects and pages growing in size quantiles
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CDF of HTTP Response Sizes
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Motivation #2 • IW=10 saves up to 4 round trips • Reverse the trend of browsers opening more and more simultaneous connections – Six per domain – IE8 is shown to open up to 180 simultaneous connections to the same server (when server advertises 30 domain names)! – Works against TCP’s congestion control mechanism – Congestion manager (CM) is difficult to implement



• Allow more fast recovery through fast retransmit 5



Justification – why is IW=10 safe? • Huge bandwidth growth since IW=4KB (1998) – Average b/w has reached 1.7Mbps world wide – Narrowband (


• Browsers open many simultaneous connections – Effectively test network with bursts much larger than IW=4KB



• TCP is already bursty – Slow start bursts pkts out at twice the bottleneck b/w
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Related Efforts • Fast/Quick/Jump/Swifter/… Starts – Any one ready for standardization and deployment?



• Persistent HTTP – Benefit limited by connection persistency – Does not help the first data chunk, often the largest



• HTTP pipelining – Can benefit more from a larger IW – Limited deployment due to little proxy support
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Related Efforts (cont’) • SPDY - Google’s Web experimental protocol – “An Argument For Changing TCP Slow Start” http://sites.google.com/a/chromium.org/dev/spdy/An_Ar gument_For_Changing_TCP_Slow_Start.pdf



• Congestion manager – complex to implement



• Cwnd cache – Similar to the temporal sharing of TCP states in RFC2140 but aggregated on a per /24 subnet basis



• NetDB – Global database of subnet attributes from past history 8



Our Proposal • Increase IW to 10 or higher – All experimental data shown here are from IW=10 – Ongoing experiments continue with IW=16



• Design principle - KISS – No state sharing across connections – IW a fixed value or based on data collected during 3WHS – No pacing required



• May need a non-standard response function when loss occurs during IW 9



Experiment Setup • Experiments with larger IW in several data centers over past few months • Front-end servers configuration – Linux TCP implementation, CUBIC cong. control – initcwnd option in ip route command



• Multiple connections opened by applications are served from the same data center • Results from two representative data centers for two consecutive weeks Ref: http://code.google.com/speed/articles/tcp_initcwnd_paper.pdf 10



User Network Characteristics



• Median BW – AvgDC: 1.2Mbps – SlowDC: 500Kbps • Median RTT ~ 70ms
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Metrics of Interest and Datasets Dataset



# Subnets # Responses Vol. (TB)
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• Logged HTTP transactions • Metrics – TCP Latency – Retransmission rate 12



Outline of Experiment Results • Are client receive windows large enough? • Impact of IW=10 – Overview of Web search latency – Impact of subnets of varying BW, RTT, BDP – Impact on responses of different sizes – Latency in mobile subnets – Effect on retransmission rate – Impact on applications with concurrent TCP connections 13



Client Receive Windows



receive window of first HTTP request OS
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• Greater than 90% TCP connections have large enough receive windows to benefit from using IW=10
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TCP Latency for Web Search
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Latency measured in milliseconds 15



Latency as Functions of BW, RTT, BDP Traffic (%)



• Largest improvements (~20%) are for high RTT and BDP networks
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Latency as Functions of BW, RTT, BDP Traffic (%)



• Slow start latency = Nslow-start * RTT + response-size/BW • Low BW subnets show significant improvements - Fewer slow start rounds, faster loss recovery 17



Latency for Varying Sizes of Responses Web Search Traffic (%)



iGoogle



Traffic (%)



• Absolute improvement increases with size • Response sizes 


Per-subnet Latency and Mobile Networks Web Search in AvgDC Mobile subnets /24 subnet latency
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• Higher improvements in mobile because of larger RTTs 19



Effect on Retransmission Rate AvgDC
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An entry has two parts: retrx rate [% responses with >0 retrx]



• Most increase in retransmission rate from applications using multiple concurrent connections 20



Applications using Multiple Concurrent Connections Google Maps Latency AvgDC SlowDC Qtls
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Diff [%] 29.6% 3.4% 1.8% 0.3% -0.4% -1.3% -2.3% -4%



• Effective IW for Maps in experiment is 80-120 segments • Latency improves on average in AvgDC and SlowDC 21



Concerns • What happen when everyone switches to IW=10? – congestion collapse unlikely since congestion backoff mechanism remains in place



• Negative impact to slow or mobile network? – Our experiments did not show much



• How does IW=10 flows affect flows with IW=3? • How does IW=10 affect non-web or long lived connections? 22



Conclusion & Next Steps • A moderate increase of IW seems to be the best “near-term” solution to relieve the slow-start logjam • Propose to TCPM for adoption as a WG item • More tests and analysis are needed! • We would like to call for volunteers to help out!
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