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Packet Switching: queueing delay, loss
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queue of packets s
waiting for output link —

R =100 Mb/s

R=1.5Mb/s

£

queuing and loss:
If arrival rate (in bits) to link exceeds transmission rate of
link for a period of time:
e packets will queue, wait to be transmitted on link
. packets can be dropped (lost) if memory (buffer) fills up
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Two key network-core functions

outing: determines source-
stination route ta

Jforwarding: move packets
taken by from router’s input to

appropriate router output
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Circuit switching: FDM versus TDM

Alternative core: circuit switching

......

Example end-end resources allocated
FDM rla\)é\ p‘3\’\"s . P to, reserved for “call” E E
4users EEOOMW between source & dest:
I . In diagram, each link has four
_——— circuits.
frequency | { call gets 2nd circuit in top
e WY link and st cireuit in right
tim I%nk. )
TDM . dedicated resources: no sharing
e cire ¢ (guaranteed)
performance
. circuit scgment idle if not used
frequency EH ﬂﬂ ﬂﬂ Eﬂ ﬂﬂ by call pis sharing)
. Commonly used in traditional
tim telephone networks
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Internet structure: t networks
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Quecucing delay (revisited)

av / :
e / !
. R: link bandwidth (bps) ; / i
. L: packet length (bits) g ,/ !
. a: average packet arrival e ;
rate I
q P
u = - La/R
e traffic intensity 4
u = La/R

. La/R ~ 0: avg. queueing delay smeall

. La/R > 1: avg. queueing delay I%ge

. La/R > 1: more “work™ arriving d
than can be serviced, average de]a? infinite!

a =
* Check out the Java applet for an interactive animation of queuing and loss La/R > 1
uction 1-0
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Throughput (more)
A
e Rs < Rc What is average end-end throughput?

100 —Jwacinii 7 Hoo
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IS il
e Rs > Rc What is average end-end throughput? g el
\ 00 — T do > Aoo
%{ ,' > o LS 40D
\ | Q RS bits/sec _ m RC bits/sec y
3 X \f

bottleneck
link on éitdcend path that constrains end-end throughput
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Internet protocol stack

e application: supporting network

applications

o FTP, SMTP, HTTP

e  transport: process-process data
transfer

. TCP, UDP

e network: routing of datagrams
from source to destination

° IP, routing protocols

e [ink: data transfer between
neighboring network elements

. Ethernet, 802.111 (WiFi), PPP

e  physical: bits “on the wire”

T

AIVIVES

[ETF
Tep /lp
application
q’transport
Ip

network

link

physical
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Ll Encapsulation

message | M) appli¢ation
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datagram [nh it netfork
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physical
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Creating a network app

write programs that:
run on (different) end systems
o communicate over network
. e.g., web server software
communicates with browser
software

no need to write software for
network-core devices
. network-core devices do not
run user applications
. applications on end systems
allows for rapid app
development, propagation
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Client-server architecture

Server:
always-on host
permanent IP address
data centers for scaling

clients:
communicate with server
may be intermittently
connected
may have dynamic IP
addresses
do not communicate directly
with each other
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Processes communicating

process: program running clients, servers
within a host client process: process that
. within same host, two initiates communication

processes communicate server process. process

using Inter-process that waits to be contacted
communication (defined by

OS)

. processes in different hosts
communicate by . aside: applications with
exchanging messages P2P architectures have

client processes & server
processes
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Sockets

process sends/receives messages to/from its socket
socket analogous to door
° sending process shoves message out door

sending process relies on transport infrastructure on other

side of door to deliver message to socket at receiving

process

application application
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App-laver protocol defines

. types of messages @lo open protocols:
exchanged, . defined in RFCs

e e.g., request, response . allows for interoperability

- message syntax: DI . e.g., HTTP, SMTP

° what fields in messages proprietary protocols:
& how fields are . e.g., Skype
delineated &' M6 (¢

. message .seman.tics%'-)e l‘?QﬁNN en|

e meaning of informatio
in fields

. rules for when and how

processes send & respond
to messages
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Internet transport protocols services

TCP service: UDRP service:
reliable transport between unreliable data transfer
sending and receiving between sending and
process receiving process

flow control: sender won’t
overwhelm receiver
congestion control: throttle
sender when network

does not provide:
reliability, flow control,
congestion control,
timing, throughput

overloaded .
does not provide: timing, guarantee, security,
minimum throughput orconnection setup,
guarantee, security

connection-oriented: setup - why bother? Why is
required between client and QL ther)c,a a UDP? y

SE€rver processes
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AW DS man

org DNS servers
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DNS name
resolution example
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DNS records

DNS: distributed db storing resource records (RR)

l RR format: (name, value, type, tc1)4 N
414

* name is hostame &

type=A N y”?xge CNAME “h@ >
* value is IP address ]
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NS protocol, messages |

query and reply messages, both with same
format

o

L msgdgeader n
L .fr‘%,aé

flags: ) :
" Qquery or rep!
- mcuwﬁe\’a\*

recu
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