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Debugging   Network   Performance   With   perfSONAR   
 March   7th   2013   -‐   Performance   U!   Winter   School   Jason   Zurawski   -‐   Senior   Research   Engineer   
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Outline   
 2   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
 •  What   is   Internet2?   •  Research   Support   Overview   •  Debugging   with   perfSONAR   
 –  Case   of   the   (Broken)   Firewall   –  Case   of   the   Failing   OpYc   –  Case   of   the   PunYng   Router   –  Case   of   the   “Slow”   Circuit   
 •  Conclusion   &   Discussion      
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•  Internet2   is   an   advanced   networking   consorYum   led   by   and   for   the   U.S.   research   and   educaYon   community   
 •  Internet2’s   mission:   To   ensure   researchers   have   access   to   the   advanced   networks,   tools   and   support   required   for   the   next   generaYon   of   collaboraYve   discovery   and   innovaYon   
 3   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
 What   is   Internet2?   
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Internet2   Community      
 221   Higher   Ed   members   69   Affiliate   members   37   R&E   Network   
 members   46   Industry   members   100+   Int’l   partners   66,000+   Community   anchor   insPtuPons   
 4   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
 ConnecYons   &   CommuniYes   
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US-based Exchange Points
 StarLight, Chicago IL MAN LAN, New York NY NGIX-East, College Park MD AtlanticWave (distributed) AMPATH, Miami FL PacificWave-S, Los Angeles
 CA PacificWave-Bay, Sunnyvale
 CA, Palo Alto CA PacificWave-N, Seattle WA
 5   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
 InternaYonal   Reach   
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•  Basic   “IP”   connecYvity   delivered   through   regional   networks   –  IPv4   and   IPv6   
 •  Advanced   Layer   2   Services   –  100G   –   Coast   to   Coast   –  SDN   
 •  Peering   “where   you   need   to   go”   –  InternaYonal   –  DomesYc   –  Some   commercial   (e.g.   TR-‐CPS)   
 •  Services   that   target   users   instead   of   networks   –  CollaboraYon   Environments   
 •  Federated   idenYfy   •  Wikis   •  File   sharing/transfers   
 –  Monitoring   data   –  ComputaYon   services   (e.g.   a   ‘cloud’-‐like   offering)   
 6   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
 Services   
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End-‐to-‐end   support   for   users   of   Internet2   faciliYes   and   programs   
  Develop   an   architecture   for   
 Internet2   offerings      Define   the   strategic   technical   
 direcYon   for   the   future   of   Internet2   
  Incubator   of   new   programs         
 7   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
 Office   of   the   CTO   
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Outline   
 8   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
 •  What   is   Internet2?   •  Research   Support   Overview   •  Debugging   with   perfSONAR   
 –  Case   of   the   (Broken)   Firewall   –  Case   of   the   Failing   OpYc   –  Case   of   the   PunYng   Router   –  Case   of   the   “Slow”   Circuit   
 •  Conclusion   &   Discussion      
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•  What’s   not   news:   –  Distributed   research/science   faciliYes   
 •  Central   collecYon/remote   processing   •  Remote   collecYon/central   or   remote   processing   
 –  Distributed   sets   of   people   –  InnovaYon   will   soon   be   producing   data   at   Tbps   (that’s   ‘Terabit’)   
 Research Support Overview
 [1] 9   –   3/11/13,   ©   2012   Internet2   –   [email protected]      
 •  What   may   be   news:   –  Capacity   is   increasing,   but   so   is   demand      –  Flaws   in   the   underlying   networks   (local,   regional,   naYonal)   are   common,   and   will   impact   progress   
 –  There   are   soluYons   (hardware   based   and   sonware   based)   available   
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Ex:   The   FaciliYes   &   Collaborators   
 Physics"22 Particle Accelerators   
 Life Sciences"839 Genome Sequencers"
 Aug, 2012"Source: //find.mapmuse.com/map/particle-accelerators, Apr. 22, 2012"
 10   –   3/11/13,   ©   2012   Internet2   –   [email protected]      
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Light Sources in Production or Under Construction
 2023 2011
 2014
 2015
 2016 2009 2018 LCLS-II
 low rep rate high rep rate
 source: Paul Alivisatos
 Light Sources Worldwide
 11   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
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12   
 “It is estimated that the transfer of multiple terabytes of output to a Core Data Node would take much longer via the internet . . . than via physical disks, which is why the data will usually be transferred using portable hard disks. ”  - CMIP5 Data Submission website (Climate) http://cmip-pcmdi.llnl.gov/cmip5/submit.html
 12   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
 Science   Data   Transport   (Today?)   
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13   
 No!   
 13   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
 Science   Data   Transport   (Tomorrow?!)   
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•  Data   produced   at   one   facility,   analyzed   elsewhere   –  ScienYst   has   allocaYon   at   facility   A,   data   at   facility   B   –  TransacYonal   and   workflow   issues   
 •  Experiment,   data   collecYon,   analysis,   results,   interpretaYon,   acYon   •  Short   duty   cycle   workflows   between   distant   faciliYes   
 •  The   inability   to   move   data   hinders   science   –  Instruments   are   run   at   lower   resoluYon   so   data   sets   are   tractable   –  Grad   students   onen   assigned   to   data   movement   rather   than   
 research   •  Large   data   movement   doesn’t   happen   by   accident,   requires:   
 –  Properly   tuned   system   and   network,   default   sepngs   do   not   work   –  CombinaYon   of   networks,   systems,   tools   infrastructure   must   work   
 together   cohesively   
 Common   Denominator   –   Data   Mobility   
 14   –   3/11/13,   ©   2013   Internet2   –   [email protected]      

Page 15
						

•  Listen   –   seek   to   comprehensively   understand:   –  The   Science   needs   and   processes   –  The   Technology   –   networks,   systems,   scienYfic   instruments,   –  The   People   
 •  What   is   possible/impossible   because   of   organizaYon,   culture,   budget,   etc.   •  Common   pracYce   and   its   history,   openness   to   change,   etc.   
 •  Lead   –   advocate   for   necessary   changes   in:      –  Architecture   and   design   of   science   support   infrastructure   –  Building   and   deployment   of   necessary   services   and   tools   –  EducaYon   and   outreach   to   promote   user/facility   adopYon   
 Proposed   Data   Strategy   (Us,   and   You)   
 15   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
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•  Comprehensive   end-‐to-‐end   support   for   the   research   community   
 – Work   with   the   research   community   to   understand   their   needs   
 –  Provide   network   engineering,   planning   and   pricing   for   project   and   proposal   development   
     
 Internet2   Research   Support   Center   
 16   –   3/11/13,   ©   2012   Internet2   –   [email protected]      
 –  Collaborate   with   the   community   to   anYcipate   research   needs   
 –  Foster   network   infrastructure   and   service   research   that   can   be   incubated,   tested   and   deployed   
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Research   Support   Center   (Cont.)   
 17   –   3/11/13,   ©   2012   Internet2   –   [email protected]      
  
 •  Provide   a   clearinghouse   for   “researchers”   who   have   quesYons   regarding   how   to   uYlize   Internet2   resources   –  Support   extends   to   those   who   support   researchers   as   well   (e.g.   sysadmin/netadmin   at   regional/campus   nets).         
 –  Emphasis   on   cross   domain   needs   –   home   for   the   homeless   
 •  Simple   contact   mechanisms   –  Email   -‐      [email protected]   –  Updated   web   presence   -‐   www.internet.edu/research      
 •  Ticket   Analysis   -‐   Data   as   of   1/11/2013   –  Total   Tickets   =   173   
 •  30   Open/In   Progress   •  143   Closed   
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DissecYng   the   Research   Support   Center   
 18   –   3/11/13,   ©   2012   Internet2   –   [email protected]      
 •  Categories:   –  Network   Performance   =   39%   
 •  Increase   from   25%   (Summer   2012)   and   36%   (Fall   2012)   
 –  GENI   =   2%   –  Leuers   of   Support   =   16%   
 •  CC-‐NIE   rush   during   Spring   2012   –   Gepng   ready   again…   
   –  Network   ConnecYvity   (Layer   2/General)   =   6%   –  Research   Support      &   Demo/Paper   CollaboraYon   =   20%   (was   15%   in   Fall   2012)   –  Internet2   IniYaYves   =   15%      –  General   =   2%   
 •  Other   Tags:   –  22%   of   ;ckets   involve   an   interna;onal   component   (steady   increase   since   summer   
 2012)   –  10%   are   related   to   Healthcare/Medical   topics   –  6%   (mostly   in   the   performance   space)   are   related   to   Internet2   NET+   acYviYes   
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Current   World   View   
 19   –   3/11/13,   ©   2012   Internet2   –   [email protected]      
 "In   any   large   system,   there   is   always   something   broken.”   
  Jon   Postel   
  •  Consider   the   technology:   
 –  100G   (and   larger   soon)   Networking   –  Changing   control   landscape   (e.g.   SDN,   be   
 it   OSCARS   or   OpenFlow,   or   something   new)   
 –  Smarter   applicaYons   and   abstracYons   
 •  Consider   the   realiYes:   –  Heterogeneity   in   technologies   –  Mutli-‐domain   operaYon   –  “old   applicaYons   on   new   networks”   as   well   as   “new   applicaYons   on   
 old   networks”   
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•  pS   Performance   Toolkit   –   hup://psps.perfsonar.net/toolkit      
 •  Deployments   mean:   –  InstrumentaYon   on   a   network   –  The   ability   for   a   user   at   locaYon   A   to   run   tests   to   Z,   and   things   “in   the   middle”   
 –  Toolkit   deployment   is   the   most   important   step   for   debugging,   and   enabling   science   
 perfSONAR   Overview   –   How   To   Use   
 •  Debugging:   –  End   to   end   test   –  Divide   and   Conquer   –  Isolate   good   vs   bad   (e.g.   who   to   ‘blame’)   
 20   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
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Outline   
 21   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
 •  What   is   Internet2?   •  Research   Support   Overview   •  Debugging   with   perfSONAR   
 –  Case   of   the   (Broken)   Firewall   –  Case   of   the   Failing   OpYc   –  Case   of   the   Asymmetric   Route   –  Case   of   the   “Slow”   Circuit   
 •  Conclusion   &   Discussion      
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Debugging   with   perfSONAR   (1)   
 22   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
 •  Case   of   the   (Broken)   Firewall   –  Security   is   at   constant   odds   with   performance   
 •  Ports   for   communicaYon   •  Slowing   of   otherwise   un-‐interrupted   flows   
 –  Firewalls   are   a   good   example   of   security   implemented   in   a   vacuum,   which   gives   off   a   ‘false’   sense   of   security   
 •  Security   of   the   system   vs.   Security   of   a   Component   (network)   
 •  ConfiguraYon   is   challenging,   and   normally   not   updated   
 •  Example   comes   from   Brown   University,   and   their   Physics   Department   auempYng   to   access   another   resource   at   University   of   Colorado   (Boulder)   
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IniYal   ObservaYon   
 23   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
 •  End   to   End   Bandwidth   is   Low:   
 •  “Outbound”   from   Brown   University   is   fine   (near   1G   for   a   1G   tester)   
 •  “Inbound”   from   Colorado   to   Brown   is   not   (this   is   the   direcYon   the   Firewall   is   patrolling)   
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Other   ObservaYon   
 24   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
 •  Similar   results   to   a   point   in   the   middle   (Internet2)   
 •  This   tells   us   that   Colorado   is   clean,   and   this   is   a   Brown   Campus   issue   
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Campus   Map   
 25   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
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ObservaYon   From   Outside   of   the   Firewall   
 26   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
 •  High   performance   in   and   out   –   the   firewall   is   slowing   down   transmissions   inbound:   
  

Page 27
						

•  “Outbound”   Bypassing   Firewall   –  Firewall   will   normally   not   impact   traffic   leaving   the   domain.      Will   pass   through   device,   but   should   not   be   inspected   
 •  “Inbound”   Through   Firewall   –  Statefull   firewall   process:   
 •  Inspect   packet   header   •  If   on   cleared   list,   send   to   output   queue   for   switch/router   processing   
 •  If   not   on   cleared   list,   inspect   and   make   decision   •  If   cleared,   send   to   switch/router   processing.         •  If   rejected,   drop   packet   and   blacklist   interacYons   as   needed.         
 –  Process   slows   down   all   traffic,   even   those   that   match   a   white   list         
 Experiment   Overview   
 27   –   3/11/13,   ©   2012   Internet2   
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•  Run   “nuucp”   server:   –  nuttcp -S -p 10200 --nofork   
 •  Start   “tcpdump”   on   interface   (note   –   isolate   traffic   to   server’s   IP   Address/Port   as   needed):   
 –  sudo tcpdump -i eth1 -w nuttcp1.dmp net 64.57.17.66!–  tcpdump: listening on eth1, link-type EN10MB (Ethernet), capture size 96
 bytes!
 •  Run   “nuucp”   client   (opposite   end   of   transfer):   –  nuttcp -T 10 -i 1 -p 10200 bwctl.newy.net.internet2.edu!–  92.3750 MB / 1.00 sec = 774.3069 Mbps 0 retrans!–  111.8750 MB / 1.00 sec = 938.2879 Mbps 0 retrans!–  111.8750 MB / 1.00 sec = 938.3019 Mbps 0 retrans!–  111.7500 MB / 1.00 sec = 938.1606 Mbps 0 retrans!–  111.8750 MB / 1.00 sec = 938.3198 Mbps 0 retrans!–  111.8750 MB / 1.00 sec = 938.2653 Mbps 0 retrans!–  111.8750 MB / 1.00 sec = 938.1931 Mbps 0 retrans!–  111.9375 MB / 1.00 sec = 938.4808 Mbps 0 retrans!–  111.6875 MB / 1.00 sec = 937.6941 Mbps 0 retrans!–  111.8750 MB / 1.00 sec = 938.3610 Mbps 0 retrans!
 –  1107.9867 MB / 10.13 sec = 917.2914 Mbps 13 %TX 11 %RX 0 retrans 8.38 msRTT!
 •  Complete   “tcpdump”:   –  974685 packets captured!–  978481 packets received by filter!–  3795 packets dropped by kernel!
 Debugging   (Outbound)   
 28   –   3/11/13,   ©   2012   Internet2   
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Plopng   (Outbound)   -‐   Complete   
 29   –   3/11/13,   ©   2012   Internet2   
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Plopng   (Outbound)   -‐   Zoom   
 30   –   3/11/13,   ©   2012   Internet2   
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•  Run   “nuucp”   server:   –  nuttcp -S -p 10200 --nofork   
 •  Start   “tcpdump”   on   interface   (note   –   isolate   traffic   to   server’s   IP   Address/Port   as   needed):   
 –  sudo tcpdump -i eth1 -w nuttcp2.dmp net 64.57.17.66!–  tcpdump: listening on eth1, link-type EN10MB (Ethernet), capture size 96
 bytes!
 •  Run   “nuucp”   client:   –  nuttcp -r -T 10 -i 1 -p 10200 bwctl.newy.net.internet2.edu!–  4.5625 MB / 1.00 sec = 38.1995 Mbps 13 retrans!–  4.8750 MB / 1.00 sec = 40.8956 Mbps 4 retrans!–  4.8750 MB / 1.00 sec = 40.8954 Mbps 6 retrans!–  6.4375 MB / 1.00 sec = 54.0024 Mbps 9 retrans!–  5.7500 MB / 1.00 sec = 48.2310 Mbps 8 retrans!–  5.8750 MB / 1.00 sec = 49.2880 Mbps 5 retrans!–  6.3125 MB / 1.00 sec = 52.9006 Mbps 3 retrans!–  5.3125 MB / 1.00 sec = 44.5653 Mbps 7 retrans!–  4.3125 MB / 1.00 sec = 36.2108 Mbps 7 retrans!–  5.1875 MB / 1.00 sec = 43.5186 Mbps 8 retrans!
 –  53.7519 MB / 10.07 sec = 44.7577 Mbps 0 %TX 1 %RX 70 retrans 8.29 msRTT!
 •  Complete   “tcpdump”:   –  62681 packets captured!–  62683 packets received by filter!–  0 packets dropped by kernel!
 Debugging   (Inbound)   
 31   –   3/11/13,   ©   2012   Internet2   

Page 32
						

Plopng   (Inbound)   -‐   Complete   
 32   –   3/11/13,   ©   2012   Internet2   
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Plopng   (Inbound)   –   Closer   Zoom   
 33   –   3/11/13,   ©   2012   Internet2   
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Plopng   (Inbound)   –   OOP/Retransmits   
 34   –   3/11/13,   ©   2012   Internet2   
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•  Packets   take   a   long   Yme   to   process   on   ingress   queue   of   FW   –   note   we   are   not   actually   dropping   traffic,   but   the   delay   feels   like   that   
 •  Sending   end’s   TCP   Ymer   starts   to   go   off   if   it   doesn’t   see   ACKs.      Retransmissions   start   
 •  Eventually   packets   make   it   through   to   receiver,   and   ACKs   start   
 •  Retransmissions   start   to   make   it   through   too   …   duplicate   ACKs   are   sent   from   receiver   
 •  3   duplicate   ACKs   =   Fast   Retransmit/SACK   process   –   e.g.   “It’s   All   Over”,   and   we   will   never   do   well   again   
 •  Flow   is   never   able   to   recover,   an   this   seems   to   happen   every   couple   of   seconds   
 What   Are   We   Seeing?   
 35   –   3/11/13,   ©   2012   Internet2   
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•  Is   this   a   problem   in   FW   configuraYon/management?   –  “TCP   Sequence   Number   Checking”   –   look   it   up   
 •  Process   takes   a   while.      May   reject   packets   that   are   too   far   from   it’s   version   of   ‘window’   (e.g.   64k,   not   a   window   that   grows   like   we   see   in   modern   TCP)   
 –  Buffer   configuraYon   –   per   interface,   shared   memory?   •  Is   the   FW   just   not   capable   of   handling   the   traffic?   
 –  1G   vs   10G   mauers,   but   can   10G   handle   mulYple   flows?   –  Firmware   updates   –   how   onen   are   you   updaYng   the   FW?   
 •  AlternaYve   soluYons   –  Physics   works   well   with   ACLs   –   sites   are   well   known.      Could   implement   this   with   a   router,   not   a   FW   
 –  How   much   protecYon   does   the   data   need?      Physics   data   is   not   the   same   as   health   data.         
 –  Machine   security   –   use   host   FW   vs.   network   
 SoluYon   Space   
 36   –   3/11/13,   ©   2012   Internet2   
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•  Sysctl   sepng:   net.ipv4.tcp_window_scaling      –  Should   be   ‘1’   to   allow   for   RFC   1323   usage   –  Set   to   ‘0’   if   there   is   something   broken   in   the   middle   
 •  Something   Broken   in   the   middle:   
 SoluYon   Space   
 37   –   3/11/13,   ©   2012   Internet2   
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Debugging   with   perfSONAR   (2)   
 38   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
 •  Case   of   the   Failing   OpYc   –  Feb   10th   2011   –   Original   report   from   Vanderbilt   University   (US   CMS   
 Heavy   ION   Tier2   Facility,   Nashville   TN)   noYng   problems   to   Port   d'Informació   Cien�fica   (PIC   –   Barcelona   Spain)   
 –  ObservaYon   from   users:      •  We   are   having   trouble   (slow   transfers)   with   transfers   from   the   CMS   T1   sites   in   Spain   (PIC).   Here   are   traceroutes   ...   who   can   I   talk   to   about   this?      Are   we   at   least   going   along   reasonable   routes?      
 •  “I   wish   someone   would   develop   a   framework   to   make   this   easier”   –  Yes,   perfSONAR   works   well   –   when   it   is   deployed.   –  We   sYll   don’t   have   universal   deployment,   so   the   backchannel   network   
 of   emails   to   “people   you   know”   is   sYll   required   
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•  End   Systems   @   PIC   and   Vanderbilt   +   Internet2   –  pS   Performance   Toolkit   on   a   spare   server   –  Racked   next   to   the   data   movement   tools   –  Benefits:   
 •  The   similar   OS   and   performance   sepngs   on   each   end   “levels   the   playing   field”   
 •  All   tools   are   now   available,   if   we   want   to   run   an   NDT   we   can,   if   we   need   regular   BWCTL,   we   have   it.         
 –  Cost   to   me   and   remote   hands   =   <   1hr   of   installaYon/configuraYon   •  Structured   Debugging:   
 –  Divide   and   Conquer      •  Bisect   the   path   and   test   the   segments   individually   •  Rule   out   paths   that   are   doing   well,   subdivide   those   that   aren’t   again   and   
 again   –  Use   of   one   tool   a   Yme   
 •  Collect   as   much   as   you   can   with   each   tool   •  Move   to   the   next   to   gather   different   metrics   
 –  PaYence   •  Its   not   hard,   but   it   is   Yme   consuming   
 Resource   AllocaYon   &   InstrumentaYon   
 39   –   3/11/13,   ©   2013   Internet2   –   [email protected]      

Page 40
						

•  Methodology   –  GÉANT   Circuit   from   Frankfurt   terminates   at   Internet2   Washington   
 DC.      Use   test   points   here.   –  Vanderbilt   connects   through   SOX,   which   connects   to   Internet2   in   
 Atlanta   GA.      Use   test   points   here   too.   –  2   10G   backbone   links   separate   Atlanta   and   Washington.         
  •  Between   PIC   and   Vanderbilt   were   asymmetric   
 –  PIC-‐>CESCA-‐>RedIRIS-‐>GEANT-‐>Internet2-‐>SOX-‐>Vanderbilt   –  Vanderbilt-‐>SOX-‐>NLR-‐>GEANT-‐>RedIRIS-‐>CESCA-‐>PIC   
 •  Focus   on   the   US   connecYvity:   –  Between   Vanderbilt   and   2   Internet2   hosts,   no   asymmetry   was   
 observed   –  Path:   
 •  Vanderbilt-‐>SOX-‐>Internet2   (ATLA)-‐>Internet2   (WASH)   
  
 Real   Debugging   –   Results   (Traceroutes)   
 40   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
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•  In   the   Internet2   case,   uYlizaYon   and   errors   are   available.         •  There   are   two   backbone   links   between   ATLA   and   WASH   
 –  10G   CPS   Link   –   ruled   this   out   of   the   process   –  10G   R&E   Link   
  
  
 Real   Debugging   –   Results   (I2   UYlizaYon)   
 41   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
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•  NDT   is   not   run   “regularly”,   so   our   use   will   strictly   be   diagnosYc.   –  Vanderbilt   (client)   -‐>   PIC   (server)   
 •  running   10s   outbound   test   (client   to   server)   .   .   .   .   .      522.24   Mb/s   •  running   10s   inbound   test   (server   to   client)   .   .   .   .   .   .   169.89   kb/s   
 –  Vanderbilt   (client)   -‐>   WASH   (server)   •  running   10s   outbound   test   (client   to   server)   .   .   .   .   .      922.47   Mb/s   •  running   10s   inbound   test   (server   to   client)   .   .   .   .   .   .   1.35   Mb/s   
 –  Vanderbilt   (client)   -‐>   ATLA   (server)   •  running   10s   outbound   test   (client   to   server)   .   .   .   .   .      935.98   Mb/s   •  running   10s   inbound   test   (server   to   client)   .   .   .   .   .   .   933.82   Mb/s   
 •  We   now   have   a   minor   result   –  Performance   on   a   shorter   path   to   from   Vanderbilt   to   ATLA   seems   
 expected.   –  Internet2   Atlanta   (client)   -‐>   Internet2   Washington   (server)   
 •  running   10s   outbound   test   (client   to   server)   .   .   .   .   .   978.44   Mb/s   •  running   10s   inbound   test   (server   to   client)   .   .   .   .   .   .   251.95   kb/s   
 •  Very   promising   result   …   but   we   aren’t   done!   –  Can’t   declare   victory   with   just   this   –  Use   other   tools   as   much   as   we   can   –  See   if   we   can   confirm   that   this   segment   is   a   problem   
  
 Real   Debugging   –   Results   (NDT)   
 42   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
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•  Related   informaYon   is   a   good   thing.      There   is   a   trouble   Ycket   system   that   alerts   to   changes   in   the   network:   
  
 Things   Break   When   You   Touch   Them   
 43   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
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•  Regular   monitoring   is   your   friend   …      –  Internet2   has   lots   of   fancy   GUIs   that   expose   the   BWCTL   data,   
 these   should   be   viewed   every   now   and   then   –  We   even   have   plugins   for   NAGIOS   developed   by   perfSONAR-‐PS   to   
 alarm   when   performance   dips   below   expectaYons   
     
 Real   Debugging   –   Results   (BWCTL)   
 44   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
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•  Digging   Deeper   on   WASH:   
  
 Real   Debugging   –   Results   (BWCTL)   
 45   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
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•  Remember   that   trouble   Ycket   …   
  
 Real   Debugging   –   Results   (BWCTL)   
 46   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
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•  Now   we   have   several   results   –  NDT   diagnosYcs   show   poor   results   
 •  PIC-‐>Vanderbilt   •  WASH-‐>Vanderbilt   •  WASH-‐>ATLA   
 –  NDT   diagnosYcs   show   good   results   •  ATLA-‐>Vanderbilt   
 –  BWCTL   regular   monitoring   shows   poor   results   •  ATLA   to   WASH   •  ATLA   to   NEWY   (which   goes   over   the   WASH   path),   we   can   ignore   further   debugging   for   here   for   now   
 –  BWCTL   regular   monitoring   shows   good   results   •  Everywhere   else   
 •  Don’t   call   it   a   day   yet!      One   more   tool   too   look   at.         
  
 Real   Debugging   –   Results   Review   
 47   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
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•  Much   like   BWCTL,   we   keep   this   going   all   the   Yme:      
 Real   Debugging   –   Results   (OWAMP)   
 48   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
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•  InterpreYng   the   graph   shows   a   preuy   constant   stream   of   loss   (WASH   -‐>   ATLA).      Note   this   is   a   “son   failure”,   not   loss   of   connecYvity   
  
 Real   Debugging   –   Results   (OWAMP)   
 49   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
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•  Evidence   so   far   was   Layer   3   (what   I,   and   the   end   user   saw).      Response   from   the   experts   who   can   see   the   systems:   
  
 OperaYonal   Involvement   
 50   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
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•  InterpretaYon:      
 TesYng   Hypothesis   
 51   –   3/11/13,   ©   2013   Internet2   –   [email protected]      

Page 52
						

•  ExplanaYon   from   the   trouble   Ycket:   
        
 TesYng   Hypothesis   
 52   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
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•  Not   longer   aner   swapping   to   a   different   interface:   
 •  And   what   do   the   tools   say   …      
 SoluYon   In   Place   …   Will   It   Hold?   
 53   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
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•  InterpreYng:      
 SoluYon   In   Place   …   Will   It   Hold?   
 54   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
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•  What   about   BWCTL?:      
 SoluYon   In   Place   …   Will   It   Hold?   
 55   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
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•  Lastly,   how   about   network   uYlizaYon.      In   theory   this   should   have   limited   all   traffic…   
  
 SoluYon   In   Place   …   Will   It   Hold?   
 56   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
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•  NDT   is   good   for   a   one   off,   lets   verify   the   paths   again   •  Vanderbilt   (client)   -‐>   WASH   (server)   
 –  running   10s   outbound   test   (client   to   server)   .   .   .   .   .      923.47   Mb/s   –  running   10s   inbound   test   (server   to   client)   .   .   .   .   .   .   914.02   Mb/s   
 •  Old:   –  Vanderbilt   (client)   -‐>   PIC   (server)   
 •  running   10s   outbound   test   (client   to   server)   .   .   .   .   .      522.24   Mb/s   •  running   10s   inbound   test   (server   to   client)   .   .   .   .   .   .   169.89   kb/s   
 •  New   –  Vanderbilt   (client)   -‐>   PIC   (server)   
 •  running   10s   outbound   test   (client   to   server)   .   .   .   .   .      524.05   Mb/s   •  running   10s   inbound   test   (server   to   client)   .   .   .   .   .   .   550.64   Mb/s   
 •  Not   Shown:   –  The   way   to   get   the   other   500Mb   was   more   complex,   and   involved   
 some   capacity   upgrades   (can’t   fix   ‘usage’   J)   
 Re-‐tesYng,   NoYficaYon   of   Customer   
 57   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
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Debugging   with   perfSONAR   (3)   
 58   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
 •  Case   of   the   Asymmetric   Route   •  In   the   US,   its   not   uncommon   to   maintain   2   (or   more)   
 network   connecYons   –  R&E   (Internet2,   ESnet,   NLR,   maybe   more   than   1)   –  Commodity   (Commercial)   to   get   to   non-‐R&E   locaYons   (Facebook,   Google,   etc.)   
 •  Case   below   describes   what   happens   if   the   rouYng   suddenly   changes   –  Preferred   route   between   UniversiYes   should   be   R&E   –  Aner   a   network   event   (e.g.   power   outage   of   primary   link),   an   alternate   may   emerge   
 –  Asymmetric   (A-‐>B   and   B-‐>A)   may   be   different   depending   on   BGP   preferences   
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BWCTL   
 59   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
 •  We   see   two   things   via   this   Graph:   –  Asymmetric   Performance,   one   direcYon   is   bad   –  Symmetric   Performance   aner   primary   route   failure,   performance   is   
 sYll   bad   
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Loss   Plot   –   IndicaYve   of   CongesYon   
 60   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
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Latency   Plot   –   CorrecYng   Assymetry   
 61   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
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Debugging   with   perfSONAR   (4)   
 62   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
 •  Case   of   the   “Slow”   Circuit   •  R&E   Networks   have   been   experimenYng   with   “Dynamic   
 Circuits”   –   way   to   provision   direct   ‘Layer   2’   paths   on   Layer   3   networks   with   guaranteed   bandwidth   –  OSCARS   –  AutoBAHN   (Bandwidth   on   Demand)   –  SDN   
 •  Circuit   is   implemented   on   top   of   packet   networks   using   QoS   –  Different   queues   for   different   traffic   
 •  Circuit   =   Expedited   •  IP   =   Best   Effort   •  “Scavenger”   =   Less   Than   Best   Effort   
 –  The   lauer   queue   is   used   for   traffic   that   goes   beyond   circuit   reservaYon   
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OSCARS   Setup   
 63   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
 •  RequesYng   a   circuit,   we   get   back   our   path   
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End   Host   ConfiguraYon   
 64   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
 •  Add   VLANs   –  sudo /sbin/vconfig add eth0 3123!–  sudo /sbin/ifconfig eth0.3123 10.10.200.20/24 up!
 –  sudo /sbin/ifconfig eth0.3123 txqueuelen 10000!
 •  Ping   Across   Circuit   –  ping -c 5 10.10.200.10!–  PING 10.10.200.10 (10.10.200.10) 56(84) bytes of data.!–  64 bytes from 10.10.200.10: icmp_seq=1 ttl=64 time=36.3 ms!–  64 bytes from 10.10.200.10: icmp_seq=2 ttl=64 time=36.3 ms!–  64 bytes from 10.10.200.10: icmp_seq=3 ttl=64 time=36.2 ms!–  64 bytes from 10.10.200.10: icmp_seq=4 ttl=64 time=36.3 ms!–  64 bytes from 10.10.200.10: icmp_seq=5 ttl=64 time=36.2 ms!–   !–  --- 10.10.200.10 ping statistics ---!–  5 packets transmitted, 5 received, 0% packet loss, time 4005ms!–  rtt min/avg/max/mdev = 36.296/36.313/36.352/0.209 ms!
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TCP   Use   
 65   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
 •  TCP   doesn’t   have   a   noYon   of   ‘pace’,   so   it   will   just   send   all   traffic   into   the   network   at   once:   
 –  [dynes@fdt-wisc ~]$ nuttcp -T 30 -i 1 -p 5678 -P 5679 10.40.56.5"–  1.2500 MB / 1.00 sec = 10.4844 Mbps 15 retrans"–  1.4375 MB / 1.00 sec = 12.0587 Mbps 0 retrans"–  2.2500 MB / 1.00 sec = 18.8749 Mbps 2 retrans"–  1.5000 MB / 1.00 sec = 12.5825 Mbps 0 retrans"–  1.7500 MB / 1.00 sec = 14.6808 Mbps 0 retrans"–  2.0625 MB / 1.00 sec = 17.3013 Mbps 2 retrans"–  2.5625 MB / 1.00 sec = 21.4956 Mbps 0 retrans"–  1.7500 MB / 1.00 sec = 14.6804 Mbps 1 retrans"–  2.5000 MB / 1.00 sec = 20.9711 Mbps 0 retrans"–  2.0625 MB / 1.00 sec = 17.3016 Mbps 3 retrans"–  1.9375 MB / 1.00 sec = 16.2526 Mbps 0 retrans"–  2.4375 MB / 1.00 sec = 20.4475 Mbps 2 retrans"–  2.0625 MB / 1.00 sec = 17.3018 Mbps 0 retrans"–  2.7500 MB / 1.00 sec = 23.0675 Mbps 4 retrans"–  1.6250 MB / 1.00 sec = 13.6318 Mbps 0 retrans"–  2.6250 MB / 1.00 sec = 22.0196 Mbps 1 retrans"–  1.6250 MB / 1.00 sec = 13.6316 Mbps 0 retrans"–  2.5625 MB / 1.00 sec = 21.4963 Mbps 0 retrans"–  1.6250 MB / 1.00 sec = 13.6313 Mbps 3 retrans"–  2.5625 MB / 1.00 sec = 21.4961 Mbps 0 retrans"–  2.0625 MB / 1.00 sec = 17.3014 Mbps 3 retrans"–  2.4375 MB / 1.00 sec = 20.4473 Mbps 0 retrans"–  2.0625 MB / 1.00 sec = 17.3010 Mbps 4 retrans"–  2.5000 MB / 1.00 sec = 20.9719 Mbps 0 retrans"–  1.8125 MB / 1.00 sec = 15.2046 Mbps 1 retrans"–  2.3125 MB / 1.00 sec = 19.3979 Mbps 0 retrans"–  2.5625 MB / 1.00 sec = 21.4959 Mbps 3 retrans"–  1.5000 MB / 1.00 sec = 12.5834 Mbps 0 retrans"–  2.6250 MB / 1.00 sec = 22.0201 Mbps 2 retrans"–  1.3125 MB / 1.00 sec = 11.0100 Mbps 0 retrans"
 –  64.0112 MB / 30.77 sec = 17.4531 Mbps 0 %TX 0 %RX 46 retrans 36.68 msRTT"
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UDP   Use   
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 •  UDP   can   pace   –   so   lets   request   a   traffic   load   below   our   reservaYon   (1G):   
 –  [dynes@fdt-wisc ~]$ nuttcp -T 30 -i 1 -p 5679 -P 5678 -u -R 950M 10.10.200.10!–  113.2568 MB / 1.00 sec = 950.0567 Mbps 0 / 115975 ~drop/pkt 0.00 ~%loss!–  113.2461 MB / 1.00 sec = 949.9780 Mbps 0 / 115964 ~drop/pkt 0.00 ~%loss!–  113.2412 MB / 1.00 sec = 949.9333 Mbps 0 / 115959 ~drop/pkt 0.00 ~%loss!–  113.2617 MB / 1.00 sec = 950.1120 Mbps 0 / 115980 ~drop/pkt 0.00 ~%loss!–  113.2412 MB / 1.00 sec = 949.9076 Mbps 0 / 115959 ~drop/pkt 0.00 ~%loss!–  113.2539 MB / 1.00 sec = 950.0730 Mbps 0 / 115972 ~drop/pkt 0.00 ~%loss!–  113.2480 MB / 1.00 sec = 949.9906 Mbps 0 / 115966 ~drop/pkt 0.00 ~%loss!–  113.2490 MB / 1.00 sec = 950.0017 Mbps 0 / 115967 ~drop/pkt 0.00 ~%loss!–  113.2480 MB / 1.00 sec = 949.9935 Mbps 0 / 115966 ~drop/pkt 0.00 ~%loss!–  113.2510 MB / 1.00 sec = 950.0190 Mbps 0 / 115969 ~drop/pkt 0.00 ~%loss!–  113.2461 MB / 1.00 sec = 949.9790 Mbps 0 / 115964 ~drop/pkt 0.00 ~%loss!–  113.2500 MB / 1.00 sec = 950.0070 Mbps 0 / 115968 ~drop/pkt 0.00 ~%loss!–  113.2480 MB / 1.00 sec = 949.9944 Mbps 0 / 115966 ~drop/pkt 0.00 ~%loss!–  113.2500 MB / 1.00 sec = 950.0089 Mbps 0 / 115968 ~drop/pkt 0.00 ~%loss!–  113.2461 MB / 1.00 sec = 949.9258 Mbps 0 / 115964 ~drop/pkt 0.00 ~%loss!–  113.2471 MB / 1.00 sec = 950.0119 Mbps 0 / 115965 ~drop/pkt 0.00 ~%loss!–  113.2471 MB / 1.00 sec = 949.9520 Mbps 0 / 115965 ~drop/pkt 0.00 ~%loss!–  113.2510 MB / 1.00 sec = 950.0760 Mbps 0 / 115969 ~drop/pkt 0.00 ~%loss!–  113.2471 MB / 1.00 sec = 949.9853 Mbps 0 / 115965 ~drop/pkt 0.00 ~%loss!–  113.2471 MB / 1.00 sec = 949.9862 Mbps 0 / 115965 ~drop/pkt 0.00 ~%loss!–  113.2412 MB / 1.00 sec = 949.9361 Mbps 0 / 115959 ~drop/pkt 0.00 ~%loss!–  113.2607 MB / 1.00 sec = 950.1028 Mbps 0 / 115979 ~drop/pkt 0.00 ~%loss!–  113.2480 MB / 1.00 sec = 949.9583 Mbps 0 / 115966 ~drop/pkt 0.00 ~%loss!–  113.2451 MB / 1.00 sec = 949.9261 Mbps 0 / 115963 ~drop/pkt 0.00 ~%loss!–  113.2549 MB / 1.00 sec = 950.0936 Mbps 0 / 115973 ~drop/pkt 0.00 ~%loss!–  113.2510 MB / 1.00 sec = 950.0494 Mbps 0 / 115969 ~drop/pkt 0.00 ~%loss!–  113.2490 MB / 1.00 sec = 950.0017 Mbps 0 / 115967 ~drop/pkt 0.00 ~%loss!–  113.2363 MB / 1.00 sec = 949.8790 Mbps 0 / 115954 ~drop/pkt 0.00 ~%loss!–  113.2549 MB / 1.00 sec = 950.0708 Mbps 0 / 115973 ~drop/pkt 0.00 ~%loss!
 –  3397.4648 MB / 30.00 sec = 950.0002 Mbps 99 %TX 45 %RX 0 / 3479004 drop/pkt 0.00 %loss!

Page 67
						

UDP   Use   
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 •  If   we   go   above   reservaYon   (e.g.   1.25G   of   traffic   on   a   1G   circuit)   we   start   to   see   ‘loss’.      I   don’t   believe   this   is   loss,   but   delay   that   is   coming   from   LBE   queuing):   
 –  [dynes@fdt-wisc ~]$ nuttcp -T 30 -i 1 -p 5679 -P 5678 -u -R 1250M 10.10.200.10!–  148.9629 MB / 1.00 sec = 1249.5776 Mbps 67 / 152605 ~drop/pkt 0.04390 ~%loss!–  148.9961 MB / 1.00 sec = 1249.8586 Mbps 0 / 152572 ~drop/pkt 0.00 ~%loss!–  148.9932 MB / 1.00 sec = 1249.7340 Mbps 26 / 152595 ~drop/pkt 0.01704 ~%loss!–  149.0137 MB / 1.00 sec = 1250.1360 Mbps 0 / 152590 ~drop/pkt 0.00 ~%loss!–  149.0068 MB / 1.00 sec = 1249.9099 Mbps 4 / 152587 ~drop/pkt 0.00262 ~%loss!–  149.0137 MB / 1.00 sec = 1249.9760 Mbps 0 / 152590 ~drop/pkt 0.00 ~%loss!–  149.0127 MB / 1.00 sec = 1250.1066 Mbps 0 / 152589 ~drop/pkt 0.00 ~%loss!–  149.0068 MB / 1.00 sec = 1249.9399 Mbps 0 / 152583 ~drop/pkt 0.00 ~%loss!–  149.0068 MB / 1.00 sec = 1249.9787 Mbps 17 / 152600 ~drop/pkt 0.01114 ~%loss!–  149.0107 MB / 1.00 sec = 1249.9927 Mbps 0 / 152587 ~drop/pkt 0.00 ~%loss!–  148.9785 MB / 1.00 sec = 1249.5824 Mbps 0 / 152554 ~drop/pkt 0.00 ~%loss!–  149.0430 MB / 1.00 sec = 1250.4043 Mbps 0 / 152620 ~drop/pkt 0.00 ~%loss!–  148.9863 MB / 1.00 sec = 1249.7904 Mbps 24 / 152586 ~drop/pkt 0.01573 ~%loss!–  149.0078 MB / 1.00 sec = 1249.9606 Mbps 0 / 152584 ~drop/pkt 0.00 ~%loss!–  148.9980 MB / 1.00 sec = 1249.8950 Mbps 21 / 152595 ~drop/pkt 0.01376 ~%loss!–  149.0029 MB / 1.00 sec = 1249.8872 Mbps 0 / 152579 ~drop/pkt 0.00 ~%loss!–  149.0020 MB / 1.00 sec = 1249.9227 Mbps 5 / 152583 ~drop/pkt 0.00328 ~%loss!–  149.0059 MB / 1.00 sec = 1249.8967 Mbps 0 / 152582 ~drop/pkt 0.00 ~%loss!–  149.0283 MB / 1.00 sec = 1250.1564 Mbps 0 / 152605 ~drop/pkt 0.00 ~%loss!–  149.0068 MB / 1.00 sec = 1249.9362 Mbps 4 / 152587 ~drop/pkt 0.00262 ~%loss!–  149.0088 MB / 1.00 sec = 1250.0701 Mbps 0 / 152585 ~drop/pkt 0.00 ~%loss!–  148.9814 MB / 1.00 sec = 1249.7332 Mbps 18 / 152575 ~drop/pkt 0.01180 ~%loss!–  149.0234 MB / 1.00 sec = 1250.0629 Mbps 0 / 152600 ~drop/pkt 0.00 ~%loss!–  149.0039 MB / 1.00 sec = 1249.8941 Mbps 10 / 152590 ~drop/pkt 0.00655 ~%loss!–  149.0029 MB / 1.00 sec = 1250.0184 Mbps 9 / 152588 ~drop/pkt 0.00590 ~%loss!–  148.9971 MB / 1.00 sec = 1249.8280 Mbps 0 / 152573 ~drop/pkt 0.00 ~%loss!–  149.0127 MB / 1.00 sec = 1249.9003 Mbps 0 / 152589 ~drop/pkt 0.00 ~%loss!–  148.9902 MB / 1.00 sec = 1249.9144 Mbps 22 / 152588 ~drop/pkt 0.01442 ~%loss!–  149.0186 MB / 1.00 sec = 1250.1220 Mbps 0 / 152595 ~drop/pkt 0.00 ~%loss!
 –  4470.1074 MB / 30.00 sec = 1249.9344 Mbps 99 %TX 60 %RX 247 / 4577637 drop/pkt 0.00540 %loss!
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ExplanaYon   
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 •  TCP   will   blast   packets   into   the   network   during   “slow   start”   –  Tries   to   find   the   limit   of   the   network   –  Buffering   implemented   by   QoS   could   be   small   (128K   on   smaller   switches,   larger   on   something   like   a   Juniper   T1600)   
 –  This   lack   of   buffer   causes   our   first   hit   •  As   TCP   window   grows,   and   more   data   is   sent   into   the   
 network,   queue   use   goes   from   E   to   E   and   LBE   –  Causes   OOP   to   occur   –  Delays   in   receiving   all   data   in   the   window,   forces   SACK/Fast   Retransmit   behavior   (similar   to   Firewall   Case)   
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XPlot   of   TCP   Flow   
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XPlot   of   TCP   Flow   
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Possible   SoluYons   
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 •  ApplicaYon   Pacing   –  Instruct   applicaYon   to   pace   traffic   to   a   set   BW   or   Buffer   size   
 –  Challenging   to   do   –   Kernel   gets   to   pick   things   even   aner   applicaYon   requests   
 •  Host   QoS   (Linux   TC)   –  Implemented   on   sending   interface   –   can   set   a   specific   rate   to   limit/smooth   traffic   
 –  sudo /usr/sbin/tc qdisc del dev eth0.3123 root!–  sudo /usr/sbin/tc qdisc add dev eth0.3123 handle 1: root htb!–  sudo /usr/sbin/tc class add dev eth0.3123 parent 1: classid 1:1 htb rate 112.5mbps!–  sudo /usr/sbin/tc filter add dev eth0.3123 parent 1: protocol ip prio 16 u32 match ip
 src 10.10.200.20/32 flowid 1:1!
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TCP   w/   TC   Results   –   Much   Beuer   
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 •  Key   is   to   smooth   to   a   BW   limit   below   the   reservaYon   (900M   on   a   1G   circuit):   
 –  [dynes@fdt-wisc ~]$ nuttcp -T 30 -i 1 -p 5679 -P 5678 10.10.200.10!
 –  2.1875 MB / 1.00 sec = 18.3486 Mbps 0 retrans!–  8.3125 MB / 1.00 sec = 69.7281 Mbps 1 retrans!–  28.3125 MB / 1.00 sec = 237.5170 Mbps 0 retrans!–  99.1875 MB / 1.00 sec = 832.0559 Mbps 0 retrans!–  108.5000 MB / 1.00 sec = 910.1831 Mbps 0 retrans!–  108.4375 MB / 1.00 sec = 909.6078 Mbps 0 retrans!–  108.4375 MB / 1.00 sec = 909.6706 Mbps 0 retrans!–  ...!–  108.4375 MB / 1.00 sec = 909.6397 Mbps 0 retrans!–  108.3125 MB / 1.00 sec = 908.5911 Mbps 0 retrans!
 –  2965.6678 MB / 30.12 sec = 825.9052 Mbps 3 %TX 8 %RX 1 retrans 36.73 msRTT!
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Graphical   RepresentaYon   
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 •  We   see   some   loss   in   the   start   as   we   get   the   window   size   sorted   out   
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Graphical   RepresentaYon   -‐   Closer   
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 •  Drop   of   packets   in   the   start,   then   slowly   the   flow   is   smoothed   
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Conclusions   
 75   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
 •  TCP   may   not   be   the   correct   protocol   –  UDP   does   preuy   well   –  UDT/others   may   do   beuer   
 •  Old   applicaYons   –   new   networks   –  File   transfer   (e.g.   GridFTP)   is   a   target   use   for   circuits,   thus   TCP   will   be   used   
 –  Killing   the   network   with   parallel   streams   will   not   help   –  Host   smoothing   is   the   best   way   to   miYgate   the   badness   in   TCP   in   this   case   –   but   this   is   sYll   not   ideal   
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Outline   
 76   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
 •  What   is   Internet2?   •  Research   Support   Overview   •  Debugging   with   perfSONAR   
 –  Case   of   the   (Broken)   Firewall   –  Case   of   the   Failing   OpYc   –  Case   of   the   PunYng   Router   –  Case   of   the   “Slow”   Circuit   
 •  Conclusion   &   Discussion      
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Conclusion   &   Discussion   
 77   –   3/11/13,   ©   2013   Internet2   –   [email protected]      
 •  Internet2   will   assist   members   (and   non-‐members!)   debug   any   issue   that   they   are   seeing   –   even   if   its   not   ‘the   network’   
 •  Most   problems   have   an   easy   explanaYon   •  Toolkit   is   designed   to   get   monitoring   and   tools   up   quickly   
 –  Requirement   for   any   of   our   exercises   •  We   encourage   people   to   try   on   their   own:   
 –  hup://psps.perfsonar.net/toolkit   –  And   Join   our   mailing   list:   hups://lists.internet2.edu/sympa/subscribe/performance-‐node-‐users      
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Debugging   Network   Performance   With   perfSONAR   March   7th   2013   -‐   Performance   U!   Winter   School   Jason   Zurawski   -‐   Senior   Research   Engineer   
 For   more   informaYon,   visit   hup://www.internet2.edu/research      
 78   –   3/11/13,   ©   2013   Internet2   –   [email protected]      



					
LOAD MORE                                    

            


            
                
                

                

                
                
                                

                                    
                        
                            
                                                            
                                                        

                        
                        
                            Alley Pond Environmental Center · 4-Day Winter Mini amp: Mid-Winter Recess Wildlife amp $120 Grades K-2 Tuesday -Friday Feb. 18,19,20 , 21 1:30 – 4 pm Join enthusiastic educators

                            Documents
                        

                    

                                    
                        
                            
                                                            
                                                        

                        
                        
                            TMWG Internship Report - · PDF file& Overview&of&the&Report& & & & & & & & 6& Background!! ! ! ! ! ! ! ! ! ! 7! & CIES&2014& & & & & & & & & & 7& Study!Methodology!! ! ! ! ! ! ! !

                            Documents
                        

                    

                                    
                        
                            
                                                            
                                                        

                        
                        
                            AGRO202, 203 Practical Crop Production- I & II (0+2) · PDF fileAGRO202, 203 Practical Crop Production- I & II ... Samba (Aug) Ponmani, ... 110 105(Summer) 130 (Winter)

                            Documents
                        

                    

                                    
                        
                            
                                                            
                                                        

                        
                        
                            ELLSWORTH COMMUNITY EDUCATION WINTER / SPRING 2018 · PDF fileELLSWORTH COMMUNITY EDUCATION WINTER / SPRING 2018 CLASS ... Sports & Fitness ... This seminar will focus on the issues

                            Documents
                        

                    

                                    
                        
                            
                                                            
                                                        

                        
                        
                            CARLOS MOSCARDINI - FESTIVAL DE GUITARRAS DEL · PDF filepara “Winter & Winter” de Alemania y “Manos” ... Sus obras son un referente de la música argentina para guitarra

                            Documents
                        

                    

                                    
                        
                            
                                                            
                                                        

                        
                        
                            HRSA Strategic Planning & · PDF fileRadiation Exposure Screening & Education Program (RESEP) X *Funding applications available Winter 2016 FORHP Community Health Funding. 10 •“Grants

                            Documents
                        

                    

                                    
                        
                            
                                                            
                                                        

                        
                        
                            Welcome Members June Strauss Honored Art & Soul · PDF fileA quarterly newsletter highlighting exhibits and events · Winter 2014 ... cial 2015. The Art & Soul ... Donna J. Crowley

                            Documents
                        

                    

                                    
                        
                            
                                                            
                                                        

                        
                        
                            Debugging Embedded Mixed-Signal Designs Using · PDF fileDebugging Embedded Mixed-Signal Designs Using Mixed Signal Oscilloscopes Application Note 1562 ... more oscilloscope vendors

                            Documents
                        

                    

                                    
                        
                            
                                                            
                                                        

                        
                        
                            Classes & Supply List for Fall/Winter 2012-2013 Craft · PDF fileClasses & Supply List for Fall/Winter 2012-2013 Craft Classes ... LaVerda Wenzel (546-5089) ... Fireline Original Fishing

                            Documents
                        

                    

                                    
                        
                            
                                                            
                                                        

                        
                        
                            UK Sport - International Leadership · PDF filecountless opportunities for winter sports; ... Mountain Snow & Fun - The idea behind Mountain Snow & Fun is ... interactive games will

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            Course Offerings for Winter - Northern Michigan University · PDF fileAD265 01 10529 4.00 LEC Art & Architecture Of Japan Meets the Visual & Performing Arts requirement. Meets the

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            UMZINYATHI MEDICAL HEALTH  · PDF filecccccc &&&&& &&&&& &&&&& &&&&& &&&&& &&&&& &&&&& &&&&& &&&&& &&&&& cccccc &&&&& &&&&& &&&&& &&&&& &&&&& &&&&& &&&&& &&&&& &&&&& &&&&&

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            Texas A&M-Kingsville holds winter commencement · PDF fileTexas A&M-Kingsville holds winter commencement Dec. 13 ... Cynthia Denise Alvarado - 14 - Jennifer Lynn Kent Doctor of Philosophy

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            FALL & WINTER 2016 - 2017 - Super Saver - WE SELL FOR · PDF fileFALL & WINTER 2016 - 2017. ... 24 sandwiches on the medium tray and 36 on the large tray. MEAT & CHEESE PLATTERS SERVES

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            AMP Fall Winter '16 Overview Post

                            Software
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            Rodgers & Hammerstein’s - Winter Opera Saint · PDF fileRodgers & Hammerstein’s ... Oklahoma! Maria Holley Sherwood, ... Libretto by Hugo von Hofmannsthal Premiered October 25,

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            Histology & Embryology Periodical · PDF fileHistology & Embryology Periodical ... Histology Slide Test Winter semester ... during the fourth, fifth and sixth semester, are

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            Issue #38 Winter 2014 Dawnings - Aurora of · PDF fileHonoring . J. Daniel & Diane Pluff & Family . Dawnings . AURORA of Central New York, Inc. Issue #38 . Winter 2014. Thursday, May

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            Camp Wilderness 2021 Winter Camp - Scouting Event · Camp Wilderness 2021 Winter Camp amp Phone: 218-732-4674 Dates: Winter amp begins January 1st, 2021 and runs every weekend through

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            Colour & Fabric Trends Winter 09-10 - Fashion · PDF filemodern performance with the necessary human touch. Colour & Fabric Trends ... and arty worlds flow into each other. ... Savage

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            JSGS 824: HEALTH PROGRAM PLANNING &  · PDF file  JSGS 824: HEALTH PROGRAM PLANNING & EVALUATION -WINTER 2018 UNIVERSITY OF REGINA CAMPUS UNIVERSITY OF SASKATCHEWAN CAMPUS

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            plus: RV Storage Tips Top 5 Mistakes RV Owners Make &  · PDF fileSUBSCRIBE   plus: RV Storage Tips Top 5 Mistakes RV Owners Make & RV Winter Safety Tips

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            ISFAA Winter Conference 2016 · PDF file2016 ISFAA Winter Conference Agenda January 28 - 29, 2016 ISFAA – Live from Indianapolis Thursday, Jan 28, 2016 ... Tiffany Chow & Alvin Lee

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            AIPLA Mid-Winter Institute Tampa Marriott Waterside Hotel ... · PDF file2nd Edition 2011 1–1 AIPLA Mid-Winter Institute Tampa Marriott Waterside Hotel & Marina. Tampa, Florida

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            GEAR UP yOUR WORKShOP FALL & WINTER · 2018-05-13 · •1200 ft3/min. air suction capacity •Comeswithwheelcastors for portability upper bag 12 Amp. @ 110v 6 Amp. @ 220v 1.5 hP

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            Debugging with Accelerated Systems Heterogeneous Multi ... · PDF fileDebugging with Accelerated Systems Heterogeneous Multi-Core ... use replay with late failures in longer-running

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            TEST, MEASUREMENT, AND CONTROL - · PDF filePAGE | M&A TRANSACTIONS. RECENT M&A TRANSACTIONS. TEST, MEASUREMENT, AND CONTROL. INDUSTRY . UPDATE │ WINTER 2015. Date Target Vertical

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            Winter amp Application Instructions - Quest, Inc. Winter Camp Application.pdfaccommodate prescribed consistencies such as chopped, minced, pureed, etc. abin staff are able to cut food

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            Operations & Marketing Division One Stop Information Center HOTELS IN · PDF fileOperations & Marketing Division One Stop Information Center Single HOTELS IN DUBAI Winter Rates 

                            Documents
                        

                    

                                    
                        
                            
                                                            

                                                        

                        
                        
                            KITTY CAT - · PDF filenindja strike. tequila blue. tequila orange. winter sun. winter sun. footbal socks sky trace. orange striper orange striper short. samurai & hot and trendy 

                            Documents
                        

                    

                                            

        

    


















    
        
            	About us
	Contact us
	Term
	DMCA
	Privacy Policy


            	English
	Français
	Español
	Deutsch



            
                

				STARTUP - SHARE TO SUCCESS

									
							


					

				            

        

    














	



