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Network Taxonomy
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Circuit Switching: FDM and TDM Packet Switching: Statistical Multiplexing
100 Mb/s

,Sa\“\ Ethernet statistical multiplexing ;@

4users HOOME 5. ><
& -..-‘I_._T‘ID
]_ / 1.5 Mb/s

frequency |i= |
. queue of packets
P A E— saifing Fometrtt
link

WSO time inl [ 4
S8 We
Sequence of A & B packets does not have fixed pattern, shared on

demand ® statistical multiplexing.
time TDM: each host gets same slot in revolving TDM frame.
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Example:

frequency

Packet-switchin : store-and-forward
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0 Takes L/R seconds to Example:
transmit (push out) 0 L=7.5 Mbits
packet of L bits on to link QR=15Mbps E
or Rbps -~
0 Entire packet must delay = 15 sec
Packet switching versus circuit - stat. Mux arrive at router before it
=22 can be transmitted on E
switching nextlink: store and
. forward ;
1 e
Packet switching allows more users to use network! 4 delay = LR (assuing | rore on sl smmTy
1 1 Mbs link zero propagation delay) |
0 each user:
= 100 kb/s when “active”
- active 10% of time .\ .
=3
Sar‘S T
Q circuit-switching: mb bps link
= 10 users
O packet switching:
- ‘;’“"‘D 3; “I‘j:;zs:';‘;b"‘w Q: how did we get value 0.00042
Packet switching versus circuit
switching
Is packet switching a “slam dunk winner?”
Q Great for bursty data
= resource sharing
= simpler, no call setup Why?

0 Excessive congestion: packet delay and loss
= protocols needed for reliability, congestion control

0 Q: How to provide circuit-like behavior?
= bandwidth guarantees needed for audio/video apps
= still unsolved (chapter 7)
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Tier-1 ISP: e.q., Sprint

Sprint US backbone network

DS3 (45 Mbps)
0C3 (155 Mbps)
——— 0C12 (622 Mbps)

s 0C48 (2.4 Gbps)

[~ POP: point-of-presence

to/from backbone

Internet structure: network of networks

Q “Tier-2" ISPs: smaller (often regional) ISPs
= Connect to one or more tier-1 ISPs, possibly other tier-2 ISPs

@ Tier-2 ISPs
@ also peer
2 privately with
each other,
interconnect

at NAP

Tier-2 ISP pays
tier-1 ISP for
connectivity to
rest of Internet
Q tier-2 ISP is
customer of
tier-1 provider



Iwrernet pwtoro| stack

S Logors (app. Tvowmsport, wetwork, Linle, plysical)

Ev\chemm—iw
Lagem‘v\g phalosoply —
End +o €nd PviMULP(e

Layering of airline functionality
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Internet protocol stack

=

ticket (purchase) ticket (complain) ticket

baggage (check) baggage (claim baggage

gates (load) gates (unload) gate

runway (takeoff) runway (land) takeofflanding

airplane routing | [ airplane routing | [ airplane routing airplane routing

airplane routing

departure intermediate air-traffic arrival
aiport control centors aiport
Layers: each layer implements a service
= layers communicate with peer layers
= rely on services provided by layer below

message applid

segment [Hi| M | [ trans
datagram [HH{ M nety

frame [HI[HJ{H{ M | link

0O application: supporting network applications

N
= FTP, SMTP, HTTP, DNS ... . .
application
Q transport: host-host data transfer
+ TCP, UDP ... transport
Q network: routing of datagrams from source to
destination network
= IP, BGP, routing protocols ...
link
Q link: data transfer between neighboring
network elements :
I
= PPP, Ethernet, WiFi, Bluetooth ... phyS CCll

0O physical: bits “on the wire”
= OFDM, DSSS, CDMA, Coding ...

Encapsulation

physical
link HI[Hd H M ]
physical

=
switch

destination nefwork [Ho Hi M ]

plication [Hi[Hn[H| M ] link HI[Hi Hi] M

Hi| M | | fransport physical @

Hn[Hi| M network @ v

[Hi[H[ Hi] M | link RN serve router
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“Real” Internet delays and routes

0 What do “real” Internet delay & loss look like?

\oy{ 0O Traceroute program: provides delay measurement
from source to router along end-end Internet path

o |
@5?'( \& towards destination. For all i:
«.( @03 = sends three packets that will reach router j on path towards
0) destination

= router / will return packets to sender
= sender times interval between transmission and reply.

“Real” Internet delays and routes

traceroute: gaia.cs.umass.edu to www.eurecom.fr

Three delay measurements from
gaia.cs.umass.edu to cs-gw.cs.umass.edu
1 cs-gw (128.119.240.254) 1ms 1 ms 2ms
2 border1-rt-fa5-1-0.gw.umass.edu (128.119.3.145) 1ms 1 ms 2 ms
3 cht-vbns.gw.umass.edu (128.119.3.130) 6 ms 5 ms 5 ms
4 jn1-at1-0-0-19.wor.vbns.net (204.147.132.129) 16 ms 11 ms 13 ms
5 Jn1-s07-0-0-0.wae.vbns.net (204.147.136.136) 21 ms 18 ms 18 ms
6 abilene-vbns.abilene.ucaid.edu (198.32.11.9) 22 ms 18 ms 22 ms =
% m-wash.abilene.| ucald edu (198.32.8.46) 22 ms 22ms 22msy trans-oceanic
8 62.40.103.253 (62.40.103.253) 104 ms 109 ms 106 mse— ) link
9 de2-1.de1.de.geant.net 62 40 96.129) 109 ms 102 ms 104 ms in
de.fr1.fr.geant.net (62.40.96.50) 113'ms 121 ms 114 m
renater-gw.fr1.fr.geant. net (62.40.103. 54) 112 ms 114 ms 112 ms
nio-n2.cssi.renater.fr &193 .51.206.13) 111 ms 114 ms 116 ms
nice.cssi.renater.fr (195.220.98.1 02) 123 ms 125ms 124 ms
r3t2 -nice.cssi.renater.fr (195.220.98.110) 126 ms 126 ms 124 ms
urecom-valbonne.r3t2.ft.net (193. 48.50. 54) 135 ms 128 ms 133 ms
]9 194214211 25(194.214.211.25) 126 ms 128 ms 126 ms

—

[FNTINENS)

18 *** means no response (probe lost, router not replying)
19 fantasia.eurecom.fr (193.55.113.142) 132 ms 128 ms 136 ms
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