
Fall 2020 EECS E6890 

Delivering Modern Services on the Internet 
SeUYiceV VXch aV FacebRRk aQd NeWfli[ RccXS\ PXch Rf RXU WiPe aQd 
accRXQW fRU PRVW IQWeUQeW WUaffic. ThiV cRXUVe iQYeVWigaWeV hRZ WheVe 
SURYideUV XVe Whe IQWeUQeW WR deliYeU WheiU VeUYiceV, fRcXViQg RQ hXUdleV Whe\ 
face becaXVe Whe IQWeUQeW ZaV deVigQed iQ a YeU\ diffeUeQW VeWWiQg WhaQ 
WRda\¶V. 
 
CRXUVe gRalV iQclXde aQVZeUiQg: 

Ɣ HRZ aUe laUge IQWeUQeW VeUYiceV aUchiWecWed aQd RSeUaWed? 
Ɣ HRZ (aQd hRZ Zell) dR IQWeUQeW SURWRcRlV aQd QeWZRUkV fiW WRgeWheU?  
Ɣ WhaW led WR Whe IQWeUQeW¶V deVigQ? IV iW a gRRd fiW fRU WRda\¶V VeUYiceV?  
Ɣ WhaW SURblePV dR VeUYiceV VWill face? WhaW aUe SRWeQWial VRlXWiRQV? 

 
TiPe aQd Slace: WedQeVda\ 4:10SP-6:40SP RQ ZRRP 

LiYe aWWeQdaQce UeTXiUed, bXW Ze Zill diVcXVV WiPiQg WR 
fiQd a gRRd RSWiRQ fRU aV PaQ\ SeRSle aV SRVVible. 

IQVWUXcWRU: EWhaQ KaW]-BaVVeWW 
PUeUeTXiViWeV: CSEE 4119 RU eTXiYaleQW, RU SeUPiVViRQ Rf Whe iQVWUXcWRU. 

ASSURSUiaWe fRU gUad VWXdeQWV RU adYaQced XQdeUgUadV  
ZiWh SUeYiRXV claVVZRUk iQ QeWZRUkiQg. SWXdeQWV fURP  
QRQ-V\VWePV/QeWZRUkiQg aUeaV aUe ZelcRPe. 

FRUPaW: ReadiQg, ZUiWiQg abRXW, aQd diVcXVViQg UeVeaUch SaSeUV. 
ShRUW SUeVeQWaWiRQV. PURjecWV iQ VPall gURXSV. 

 
FRU cRXUVe Sage aQd dUafW V\llabXV, Vee: 

hWWS://ZZZ.cRlXPbia.edX/aebk2141/DeliYeUiQgSeUYiceV.hWPl 
  

http://www.columbia.edu/~ebk2141/DeliveringServices.html


Schedule 

Course introduction and overvieZ 

Sep 9: Course introduction  
1. [W\Se:backgURXQd] ​A BUief HiVWRU\ Rf Whe IQWeUQeW​. BaUU\ M. LeiQeU, ViQWRQ G. CeUf, 

DaYid D. ClaUk, RRbeUW E. KahQ, LeRQaUd KleiQURck, DaQiel C. L\Qch, JRQ PRVWel, 
LaUU\ G. RRbeUWV, SWeSheQ WRlff. IQWeUQeW SRcieW\, 1997. 

2. [W\Se:backgURXQd] (YeU\ VhRUW SaSeU) ​HRZ WR Read a PaSeU​. S. KeVhaY. 
 
SXggeVWed VXSSlePeQWal SaSeU: 
AQ eYalXaWiRQ Rf Whe QiQWh SOSP VXbPiVViRQV -RU- HRZ (aQd hRZ QRW) WR ZUiWe a 
gRRd V\VWePV SaSeU​. RR\ LeYiQ aQd DaYid D. Redell. ACM SIGOPS OSeUaWiQg 
S\VWePV ReYieZ 17(3):35-40 (JXl\, 1983). 

Design of the Internet 

Sep 16: Philosoph\ of the Internet¶s design 
3. [W\Se:deVigQ/W\Se:deVigQ-ShilRVRSh\] ​The deVigQ ShilRVRSh\ Rf Whe DARPA 

iQWeUQeW SURWRcRlV​. DaYid D. ClaUk. IQ PURceediQgV Rf Whe ACM SIGCOMM 
CRQfeUeQce, SageV 106±114. ACM, AXgXVW 1988.  

4. [W\Se:deVigQ-ShilRVRSh\] (VhRUW SaSeU) ​EQd-WR-eQd aUgXPeQWV iQ V\VWeP deVigQ ​. 
J. H. SalW]eU, D. P. Reed, aQd D. D. ClaUk. PURceediQgV Rf Whe 2Qd IQWeUQaWiRQal 
CRQfeUeQce RQ DiVWUibXWed CRPSXWiQg S\VWePV, SageV 509±512, ASUil 1981.  

Sep 23: Evolution of the Internet¶s protocols and traffic 
5. [W\Se:deVigQ-ShilRVRSh\] (VhRUW SaSeU) ​Wh\ The IQWeUQeW OQl\ JXVW WRUkV​. MaUk 

HaQdle\. BT TechQRlRg\ JRXUQal, VRl 24, NR 3, JXl\ 2006. 
6. [W\Se:PeaVXUePeQW-iQWeUQal] ​IQWeUQeW iQWeU-dRPaiQ WUaffic​. CUaig LabRYiW], ScRWW 

Iekel-JRhQVRQ, DaQQ\ McPheUVRQ, JRQ ObeUheide, aQd FaUQaP JahaQiaQ. IQ 
PURceediQgV Rf Whe ACM SIGCOMM CRQfeUeQce, SageV 75±86, NeZ Delhi, IQdia, 
AXgXVW 2010. ACM.  

7. [W\Se:PeaVXUePeQW-e[WeUQal] (VhRUW SaSeU) ​AUe We OQe HRS AZa\ fURP a BeWWeU 
IQWeUQeW​? Y. ChiX, B. SchliQkeU, A. B. RadhakUiVhQaQ, E. KaW]-BaVVeWW, R. 
GRYiQdaQ. ACM IQWeUQeW MeaVXUePeQW CRQfeUeQce (IMC), 2015. 

 
SXggeVWed VXSSlePeQWal SaSeU: 
TXVVle iQ c\beUVSace: DefiQiQg WRPRUURZ¶V IQWeUQeW​. DaYid D. ClaUk, JRhQ 
WURclaZVki, KaUeQ SRlliQV, aQd RRbeUW BUadeQ. IQ PURceediQgV Rf Whe ACM 

https://www.internetsociety.org/internet/history-internet/brief-history-internet/
https://blizzard.cs.uwaterloo.ca/keshav/home/Papers/data/07/paper-reading.pdf
https://www.usenix.org/legacy/events/samples/submit/advice.html
https://www.usenix.org/legacy/events/samples/submit/advice.html
http://ccr.sigcomm.org/archive/1995/jan95/ccr-9501-clark.pdf
http://ccr.sigcomm.org/archive/1995/jan95/ccr-9501-clark.pdf
http://web.mit.edu/Saltzer/www/publications/endtoend/endtoend.pdf
http://www0.cs.ucl.ac.uk/staff/m.handley/papers/only-just-works.pdf
https://jon.oberheide.org/files/sigcomm10-interdomain.pdf
http://conferences2.sigcomm.org/imc/2015/papers/p523.pdf
http://conferences2.sigcomm.org/imc/2015/papers/p523.pdf
https://david.choffnes.com/classes/cs4700fa14/papers/tussle.pdf


SIGCOMM CRQfeUeQce, SageV 347±356, PiWWVbXUgh, PA, USA, AXgXVW 2002. 
ACM. 

Content deliver\ infrastructures: Bringing content close to users  

Sep 30: The rise of content deliver\ netZorks 
8. [W\Se:backgURXQd] (VhRUW SaSeU) ​GlRball\ diVWUibXWed cRQWeQW deliYeU\​. J. Dille\, B. 

MaggV, J. PaUikh, H. PURkRS, R. SiWaUaPaQ, aQd B. Weihl, IEEE IQWeUQeW 
CRPSXWiQg, SeSWePbeU/OcWRbeU 2002, SS. 50-58. 

9. [W\Se:PeaVXUePeQW-e[WeUQal] ​MaSSiQg Whe e[SaQViRQ Rf GRRgle¶V VeUYiQg 
iQfUaVWUXcWXUe ​. MaWW CaldeU, XX FaQ, Zi HX, RaPeVh GRYiQdaQ, JRhQ HeidePaQQ, 
aQd EWhaQ KaW]-BaVVeWW. IQ IMC, 2013. 

10. [W\Se:PeaVXUePeQW-iQWeUQal] ​LeYeUagiQg IQWeUcRQQecWiRQV fRU PeUfRUPaQce: The 
SeUYiQg IQfUaVWUXcWXUe Rf a LaUge CDN​. FlRUiaQ WRhlfaUW, NikRlaRV ChaW]iV, CaglaU 
DabaQRglX, GeRUg CaUle, WalWeU WilliQgeU. IQ SIGCOMM, 2018. 

Routing traffic to users 

Oct 7: Fle[ible routing at the BGP edge 
BackgURXQd (\RX aUe e[SecWed WR Uead aQd XQdeUVWaQd WheVe, bXW \RX dR QRW Qeed WR  
ZUiWe UeVSRQVeV): 

11. [W\Se:backgURXQd] (VhRUW SaSeU) MaWWheZ CaeVaU aQd JeQQifeU Re[fRUd. ​BGP 
URXWiQg SRlicieV iQ ISP QeWZRUkV​. IEEE NeWZRUk Maga]iQe, VSecial iVVXe RQ 
IQWeUdRPaiQ RRXWiQg, 2005. 

PaSeUV WR ZUiWe UeVSRQVeV WR:  
12. [W\Se:deVigQ] ​EQgiQeeUiQg egUeVV ZiWh Edge FabUic: SWeeUiQg RceaQV Rf cRQWeQW WR 

Whe ZRUld ​. BUaQdRQ SchliQkeU, H\RjeRQg KiP, TiPRWh\ CXi, EWhaQ KaW]-BaVVeWW, 
HaUVha V. Madh\aVWha, IWalR CXQha, JaPeV QXiQQ, Saif HaVaQ, PeWU LaSXkhRY, 
aQd HRQg\i ZeQg. IQ SIGCOMM 2017. 

13. [W\Se:deVigQ] ​TakiQg Whe Edge Rff ZiWh EVSUeVVR: Scale, ReliabiliW\ aQd 
PURgUaPPabiliW\ fRU GlRbal IQWeUQeW PeeUiQg ​. KK YaS, MXUWa]a MRWiZala, JeUeP\ 
Rahe, SWeYe PadgeWW, MaWWheZ HRlliPaQ, GaU\ BaldXV, MaUcXV HiQeV, TaeEXQ 
KiP, AVhRk NaUa\aQaQ, AQkXU JaiQ, VicWRU LiQ, CRliQ Rice, BUiaQ RRgaQ, AUjXQ 
SiQgh, BeUW TaQaka, MaQiVh VeUPa, PXQeeW SRRd, MXkaUUaP TaUiT, MaWW TieUQe\, 
D]eYad TUXPic, V\WaXWaV ValaQciXV, CalYiQ YiQg, MaheVh Kallahalla, BikaVh 
KRle\, APiQ VahdaW. IQ SIGCOMM 2017. 

SXggeVWed VXSSlePeQWal SaSeU: 
[W\Se:backgURXQd] Pe\PaQ FaUaWiQ, DaYid ClaUk, SWeYeQ BaXeU, WilliaP LehU, 
PaWUick GilPRUe, aQd AUWhXU BeUgeU. ​The gURZiQg cRPSle[iW\ Rf IQWeUQeW 
iQWeUcRQQecWiRQ ​. COMMUNICATIONS & STRATEGIES, 2008. 

https://dl.acm.org/citation.cfm?id=613741
https://dl.acm.org/citation.cfm?id=2504754
https://dl.acm.org/citation.cfm?id=2504754
https://dl.acm.org/citation.cfm?id=3230576
https://dl.acm.org/citation.cfm?id=3230576
https://www.cs.princeton.edu/~jrex/papers/policies.pdf
https://www.cs.princeton.edu/~jrex/papers/policies.pdf
https://research.fb.com/wp-content/uploads/2017/08/sigcomm17-final177-2billion.pdf
https://research.fb.com/wp-content/uploads/2017/08/sigcomm17-final177-2billion.pdf
https://dl.acm.org/citation.cfm?id=3098854
https://dl.acm.org/citation.cfm?id=3098854
https://www.akamai.com/uk/en/multimedia/documents/technical-publication/the-growing-complexity-of-internet-interconnection-technical-publication.pdf
https://www.akamai.com/uk/en/multimedia/documents/technical-publication/the-growing-complexity-of-internet-interconnection-technical-publication.pdf


Oct 14: Interconnection 
BackgURXQd (\RX aUe e[SecWed WR Uead aQd XQdeUVWaQd WheVe, bXW \RX dR QRW Qeed WR  
ZUiWe UeVSRQVeV): 

14. [W\Se:backgURXQd] (VhRUW SaSeU) WilliaP B. NRUWRQ. The aUW Rf SeeUiQg: The 
SeeUiQg Sla\bRRk. ​TechQical UeSRUW​ aQd ​VlideV​. DUPeeUiQg IQWeUQaWiRQal, 2010. 

PaSeUV WR ZUiWe UeVSRQVeV WR:  
15. [W\Se:PeaVXUePeQW-e[WeUQal] ​IQfeUUiQg PeUViVWeQW IQWeUdRPaiQ CRQgeVWiRQ ​. A. 

DhaPdheUe, D. ClaUk, A. GaPeUR-GaUUidR, M. LXckie, R. MRk, G. AkiZaWe, K. 
GRgia, V. BajSai, A. SQReUeQ, aQd k. claff\. IQ ACM SIGCOMM, AXg 2018. 

16. [W\Se:deVigQ-UeVeaUch] ​SDX: A SRfWZaUe DefiQed IQWeUQeW E[chaQge ​. A. GXSWa, L. 
VaQbeYeU, M. Shahba], S. P. DRQRYaQ, B. SchliQkeU, N. FeaPVWeU, J. Re[fRUd, S. 
SheQkeU, R. ClaUk, E. KaW]-BaVVeWW. ACM SIGCOMM, 2014. 

Directing users to content 

Oct 21: An\cast 
17. [W\Se:deVigQ] ​FaVWRRXWe: A Scalable LRad-AZaUe AQ\caVW RRXWiQg AUchiWecWXUe 

fRU MRdeUQ CDNV​. AVhle\ FlaYel, PUadeeSkXPaU MaQi, DaYid A. MalW], aQd Nick 
HRlW, Jie LiX, YiQg\iQg CheQ, aQd Oleg SXUPacheY. IQ NSDI, 2015. 

18. [W\Se:PeaVXUePeQW-iQWeUQal] (VhRUW SaSeU) ​AQal\]iQg Whe SeUfRUPaQce Rf aQ 
aQ\caVW CDN​. MaWW CaldeU, AVhle\ FlaYel, EWhaQ KaW]-BaVVeWW, RaWXl MahajaQ, 
aQd JiWeQdUa Padh\e. IQ PURceediQgV Rf Whe ACM IQWeUQeW MeaVXUePeQW 
CRQfeUeQce, TRk\R, JaSaQ, OcWRbeU 2015. 

Oct 28: Watch IMC talks and report out 

Nov 4: DNS redirection 
19. [W\Se:deVigQ/W\Se:PeaVXUePeQW-iQWeUQal] ​EQd-UVeU MaSSiQg: Ne[W GeQeUaWiRQ 

ReTXeVW RRXWiQg fRU CRQWeQW DeliYeU\​. FaQgfei CheQ, RaPeVh K. SiWaUaPaQ, 
MaUcelR TRUUeV. IQ SIGCOMM 2015. 

20. [W\Se:PeaVXUePeQW-iQWeUQal] ​MRYiQg be\RQd eQd-WR-eQd SaWh iQfRUPaWiRQ WR 
RSWiPi]e CDN SeUfRUPaQce ​. RXSa KUiVhQaQ, HaUVha V. Madh\aVWha, SUidhaU 
SUiQiYaVaQ, SXVhaQW JaiQ, AUYiQd KUiVhQaPXUWh\, ThRPaV AQdeUVRQ, aQd Jie 
GaR. IQ IMC, 2009. 

Transporting content to users 

Nov 11: Split TCP 
21. [W\Se:deVigQ/W\Se:PeaVXUePeQW-iQWeUQal] (VhRUW SaSeU) ​MeaVXUiQg aQd eYalXaWiQg 

TCP VSliWWiQg fRU clRXd VeUYiceV​. AbhiQaY PaWhak, Y. AQgela WaQg, CheQg 

http://drpeering.net/white-papers/Art-Of-Peering-The-Peering-Playbook.html
https://drpeering.net/white-papers/Art-Of-Peering-The-Peering-Playbook_Docs/The-Art-Of-Peering-The-Peering-Playbook.pdf
https://dl.acm.org/authorize.cfm?key=N666835
http://dl.acm.org/authorize?N71351
https://www.usenix.org/system/files/conference/nsdi15/nsdi15-paper-flavel.pdf
https://www.usenix.org/system/files/conference/nsdi15/nsdi15-paper-flavel.pdf
https://conferences2.sigcomm.org/imc/2015/papers/p531.pdf
https://conferences2.sigcomm.org/imc/2015/papers/p531.pdf
https://conferences.sigcomm.org/sigcomm/2015/pdf/papers/p167.pdf
https://conferences.sigcomm.org/sigcomm/2015/pdf/papers/p167.pdf
https://ai.google/research/pubs/pub35590
https://ai.google/research/pubs/pub35590
https://www.microsoft.com/en-us/research/wp-content/uploads/2016/11/Measuring-and-Evaluating-TCP-Splitting-for-Cloud-Services.pdf
https://www.microsoft.com/en-us/research/wp-content/uploads/2016/11/Measuring-and-Evaluating-TCP-Splitting-for-Cloud-Services.pdf


HXaQg, AlbeUW GUeeQbeUg, Y. ChaUlie HX, RaQd\ KeUQ, JiQ Li, aQd KeiWh W. RRVV. 
IQ PAM, 2010. 

22. [W\Se:PeaVXUePeQW-e[WeUQal] (VhRUW SaSeU) ​ChaUacWeUi]iQg URleV Rf fURQW-eQd 
VeUYeUV iQ eQd-WR-eQd SeUfRUPaQce Rf d\QaPic cRQWeQW diVWUibXWiRQ ​. YiQg\iQg 
CheQ, SRXUabh JaiQ, Vija\ KXPaU AdhikaUi, aQd Zhi-Li ZhaQg. IQ IMC, 2011. 

23. [W\Se:deVigQ] ​RedXciQg Web LaWeQc\: Whe ViUWXe Rf GeQWle AggUeVViRQ ​. T. Flach, 
N. DXkkiSaWi, A. TeU]iV, B. RaghaYaQ, N. CaUdZell, Y. CheQg, A. JaiQ, S. HaR, E. 
KaW]-BaVVeWW, R. GRYiQdaQ. ACM SIGCOMM, 2013. 

Nov 18: Evolving transport 
24. [W\Se:deVigQ] ​BBR: CRQgeVWiRQ-BaVed CRQgeVWiRQ CRQWURl ​. Neal CaUdZell, 

YXchXQg CheQg, C. SWeSheQ GXQQ, SRheil HaVVaV YegaQeh, VaQ JacRbVRQ 
CRPPXQicaWiRQV Rf Whe ACM, YRl. 60 (2017), SS. 58-66 

25. [W\Se:deVigQ] ​The QUIC TUaQVSRUW PURWRcRl: DeVigQ aQd IQWeUQeW-Scale 
DeSlR\PeQW​. AdaP LaQgle\, Al RiddRch, Al\VVa Wilk, AQWRQiR ViceQWe, ChaUleV 
'BXck' KUaVic, CheUie Shi, DaQ ZhaQg, FaQ YaQg, FeRdRU KRXUaQRY, IaQ SZeWW, 
JaQaUdhaQ I\eQgaU, Jeff Baile\, JeUeP\ ChUiVWRSheU DRUfPaQ, JiP RRVkiQd, 
JRaQQa KXlik, PaWUik G|UaQ WeVWiQ, RaPaQ TeQQeWi, RRbbie Shade, R\aQ 
HaPilWRQ, VicWRU VaVilieY, WaQ-Teh ChaQg. SIGCOMM 2017. 

Nov 25: Thanksgiving Recess 

Stepping out of the bo[ 

Dec 2: Blog posts on Dropbo[, Riot, and BBR (b\ Geoff Huston) 

Dec 9: Crossing boundaries 
26. [W\Se:PeaVXUePeQW-iQWeUQal/W\Se:deVigQ-UeVeaUch] ​EfficieQWl\ DeliYeUiQg OQliQe 

SeUYiceV RYeU IQWegUaWed IQfUaVWUXcWXUe ​. HRQgTiaQg HaUU\ LiX, Raaja\ 
ViVZaQaWhaQ, MaWW CaldeU, AdiW\a Akella, RaWXl MahajaQ, JiWeQdUa Padh\e, MiQg 
ZhaQg. NSDI 2016. 

27. [W\Se:deVigQ] ​SWeeUiQg H\SeU-GiaQWV' TUaffic aW Scale ​. EQUic PXjRl, IQgPaU PReVe, 
JRhaQQeV ZeUZaV, GeRUgiRV SPaUagdakiV, aQd AQja FeldPaQQ. ACM CRNEXT 
2019. 

 
  

https://conferences.sigcomm.org/imc/2011/docs/p559.pdf
https://conferences.sigcomm.org/imc/2011/docs/p559.pdf
https://static.googleusercontent.com/media/research.google.com/en//pubs/archive/41217.pdf
https://dl.acm.org/citation.cfm?id=3009824
https://static.googleusercontent.com/media/research.google.com/en//pubs/archive/46403.pdf
https://static.googleusercontent.com/media/research.google.com/en//pubs/archive/46403.pdf
https://www.usenix.org/system/files/conference/nsdi16/nsdi16-paper-liu-harry.pdf
https://www.usenix.org/system/files/conference/nsdi16/nsdi16-paper-liu-harry.pdf
http://people.csail.mit.edu/gsmaragd/publications/CoNEXT2019/CoNEXT2019.pdf

