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goooood

» JO0000000 (oOooooogo)

» 1500 bytes at 10Mbps: 1.2 msec
» 1500 bytes at 100Mbps: 120 usec
» 1500 bytes at 1Gbps: 12 usec

» JO0O000000O0O0O: O 200,000 km/s

» 100km round-trip: 1 msec
» 20,000km round-trip: 200 msec

» OO0 RTT

» LEO (Low-Earth Orbit): 200 msec
» GEO (Geostationary Orbit): 600 msec
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» saddr, daddr, sport, dport, proto, ToS, input iflndex byte
count, packet count, start time, end time, output iflIndex TCP
flags, next hop, src AS, dst AS
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pingER project

» the Internet End-to-end Performance Measurement (IEPM)
project by SLAC
» using ping to measure rtt and packet loss around the world

> http://www-iepm.slac.stanford.edu/pinger/
» started in 1995
» over 600 sites in over 125 countries
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pingER project monitoring sites

» monitoring (red), beacon (blue), remote (green) sites
» beacon sites are monitored by all monitors

from pingER web site
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pingER project monitoring sites in east asia

» monitoring (red) and remote (green) sites
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from pingER web site
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pingER packet

loss

» packet loss observed from N. Ameria

» exponential improvement in 10 years
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from pingER web site
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pinger minimum rtt

» minimum rtts observed from N. America

» gradual shift from satellite to fiber in S. Asia and Africa
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000 (scatter plots)
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00 (correlation)
» 00O (covariance):
0%y =~ (i =X)(yi — )
i=1
» 0000 (correlation coefficient):
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00000 (principal component analysis; PCA)
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Mon Tue Wed Thu Fri Sat Sun
Mon | 2052349 1732910 1766814 1481337 1438849 753142 912707
Tue | 1732910 1853635 1791264 1387485 1345741 700134 956308
Wed | 1766814 1791264 2047528 1475368 1408105 660976 990202
Thu | 1481337 1387485 1475368 1325782 1182891 637794 768738
Fri 1438849 1345741 1408105 1182891 1264010 585177 737702
Sat 753142 700134 660976 637794 585177 573336 492188
Sun 912707 956308 990202 768738 737702 492188 642135
goOoooOoooooa

Mon Tue Wed Thu Fri Sat Sun

Mon | 1.000 0.888 0.862 0.898 0.893 0.694 0.795

Tue | 0.888 1.000 0919 0.885 0.879 0.679 0.877

Wed | 0.862 0.919 1.000 0.895 0.875 0.610 0.864

Thu | 0.898 0.885 0.895 1.000 0.914 0.732 0.833

Fri 0.893 0.879 0.875 0.914 1.000 0.687 0.819

Sat | 0.694 0.679 0.610 0.732 0.687 1.000 0.811

Sun | 0.795 0.877 0.864 0.833 0.819 0.811 1.000
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