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Transpart Protoecel

* Flow comtrol keeps one fast sender from
overwhelming a slow recenver

* Congestion comirol keeps a set of senders fram
overlsading the network

* Reliobility makes sure the receiver got all
pockets sent by sender
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to goplication in same order
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* Two protocols:
- Stop-and-Wait
- Windaw based
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every other host in some network
= .'nl.|.|I11 access profoool

- fdidn't over) corstrect frames, error dietectan and
g 'I%In Tlow canfrad, -

* Metwork loyer: stitch together multiple link layer
mtwarks
- Deliver o packet te specified network destirction
- {didn't ga ower) segmentfation/recssemble, pocket
scheduling, baffer monogement
* Transport layer
- Multiplexingdemuitiplexing (Twe lRctures ogd)

- Flow & congestion confral in-order delivery  religbility
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Automatic Repeat reluest [ARC])

+ Automatic Repeat Request
» Receier semds
acknowledgment (ACK} when

it receives packet
» Sender waits for ACK ond
fimes out if does mot arrive
within some time period {~"Rthes
+ Simplest ARG protocol
+ Stop ond ‘Wit
+ Send a pocket, sfop and
woit uetil AGCK arrives
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Stop-and-Wait Properties

* Flow comtrel: yes
- Receiver can implicitly slow down sender by acking o pociet
waly if it has roem for of lest amather pocket
- Aszumption: Timegut doesa't trigger before recedving ack
* Congestion control: wes
- Epnder sends o mew pocket saly after previus sae mode it
- If network is congested pocket oF ock & kst < sender
doesn't send new dofa
* Religbility: yes
- If a packet is lost sender timeouts aad resends the packet
* In—order delivery: yes
- Receiver deesn't get meut pocket before receiving {ond

ockang) prenous ae
* 50 what's the problem with Stop—and-Wart? Efficiency?
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» Epyz 1o occess AWS will be sent todoy
* Last fwe lectures on seourity

* Fimal Exam
- Friday, Moy 14 T:D0PM-10-00FM
- All moterial fram e course
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- Two sheets of motes  both sides
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How Fost Con Stop-and-Wait So?

v Suppose we're sending from UCE fo Mew Yark:
- Dendwidth = 1 Mbas ‘mepabts sec)
= KTT = 1) msec
) Hmﬂﬁﬁ g':&-_tm:-h.llm Trosmiss'sn Ur't

- Mo sther bed on the nath ond ne vacket less
v What q:‘:l-l"-ﬂ.hi'ﬂ:l‘l‘!l}l:l_..-ﬁ the fostest we con tronsmit
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- Aswers 12 000b40-15 = 12 His
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* How about if Bandwidth = 1 Ebps?
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Sliding Window
' Iden: ollow multiple packets in-flight

- "In-fight" = un-ocked pockets

* Windew size (W): rumber of pockets the sender con
send withaut receiving an ock
- E.g., after receiving ack for ol packet before and
including E_send pockets =1 K=2 _ E=W-+1

- &fvp-ond-wait= particular cose of sliding wmdow 'W=1
* Receiver fells sendar W

- W comot be longer than receiver's buffer:
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Thraug hput

* Up fo W pockets (or bytes) per RTT
* Throughput = WARTT

= How | should be the window To fully utilize a
link with bondwidih B
- W = Boadwidth x RTT (i.e., "Bondwidth-Dehay™ or
"Dedoy-Bandwidih”
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v Serder, ot iz
- Send 157 piet
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» Sender
- Gending rate = £ pidt/s
- Pocket size = 2000B
* Recemer:
- belivering rote = 0.3 pkiss
- Delivers pockets in gequence To gpplication
- Ackrowledges {ocks) eoch delivered pit
- Gend negotive ack. {nock) it pocket kst
* Round-trip time = 4 sec, Zsec eoch woy
* Recerer Window = 4 packets

* Mote: mox. achievable throughput = 0.5pkts/s = 500b/s
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