Lecture 12: Queuning, Caching, and Content
Distrbution

Congestion Control Revisited

= Congestion is when the inpul rate 2 vutpul rate
= b T o conkrol windosw ercanes sender diocs mol
encotd mabe ot whikh receiver corcuamees daka

- What if senders exwceed a rouber s maximam outpul raic?
= What should routers do? Make sender slow down
= TCP sending rate = windvw-sae /ITT7T, 30 2 oplions:
1. Increase KT - baffer more packcls =+ mone gueuing delay
2 Reduce window size — happens if rouber dropes packets
= Recall TCP reacks to packet loss by shrinking
congestion window
- Triple duplimaie a0bc halve window, cnber CA stale
- Timeoail st simdor bo 1, cnber 595 skabe

Router design issues
« Scheduling discipline
- Which of mnultiphe packets shoulbd you send next?
- May want 1o achicye some notion of faimess
- May want somc packets bo hawe pricority
= [rop policy
- When should you discard a packet?
- Which paciet to discasd?

- Some packets more important (perbaps BGP)
- Somnc packels useless w o others (1P fragmenis)
+ Need lo balance throughpul & delay
- Could minimize/ diminabe drops with enormows bafiers
- But gueuing delay highly frowned upon (Enberactive apps)

Overview

s How routers queue affects how TCP and other
protocols behave

s Two rouler questions: drop policy, scheduling
palicy
= Reducing congestion through content distribution
- Clicnés cam cache
- Servioes can use a OO

Congestion at Router

= Rouler goals
- Prioritize who gets limibed resounces
- Somchow inlerad well sith TCP

Example: FIFO tail drop
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s Differentiates packets only by when they arrive

- Packet dropped §f guews full when it anrives



Tail drop issues
= When stable, queue will always be nearly full
- Cisyrambess high ldcncy for all traffic

# Possibly unfair for flows with small windows

- Eg. small flow {« 4 scgments) may be stsck in backoff,
while: larger flows cam use fast retransmil b poroser

= Window synchronization
- Consider many flows in a stable configuration
- M flow comes Bn, cawses a banch of packet lesses
- Existing Mows all cul their wind oes togethes
(underutilizing Enk)

- PFlows alll groses thesr windows together until link again
owirboaded and many packets lost. Repeal. ..

Connechonless flows
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= Even in Inbernet, routers can have 3 notion of flows

- Eg. hase on [P sddesses & TOP ports (or hash of those)
- 5ot slalr—doesn't have bo be conrect

- But if oficn cormect, can use to form rouler polickes

Scheduling Policy: Fair Queuing (FQ)

s bExplicitly segregates traffic based on flows

s Ensures no flow consumes more than its share

- Variation: weighbod fir qucuaing (W)
= Note: if all packets were same length, would be casy
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What to optimize for?
» Fairness (in two slides)

= High throughpit — quewe should never be emply
s Low delay — =0 wanl shorl queues

s Crude combination: power = Throughput /TDelay
- Wanl to convinoe hosts. bo offer optimal boad
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= What is fair in this situation?
- Fach flow gets 172 link bfw? Long, flow gets k=ss?
s Usually fair means equal
- For flow bandwidths (=, . .., 7). fmrmess mder
ﬂﬁ,n]t
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- If all T ane equal, Eimess B onc
- Weighted faimess i a simple extension

= So whal policy should routers follow?

Fair Queuing Basics
s Keep track of how much time each flow has used
limk
s Compule how long a flow will have used link if il
transmits next packed
= Send packet from flow which will have lowest use
if il ransmils
- Whiy not flow with smnallest use so far?
- Borawse next packet may be huge (examples coming)



FO Algorithm

= Suppose clock cks each time a bil is ransmitled
= [z length of packet i

a 5 lime when packet @ starbed transmission

« Vi time when packet i finished transmission

e M-8+ P

= When does router start bransmitting packet i7

- If arrived boefore powler Snished packet 1 — 1 fromn this flow, then
immeediabedy after ket bitodf 1 — 1 (F 4}

- 1f o cwrnend. o koets for thits flow, then start ransmibting wien
arrives frall Ehis A4)

o Thus: Fy — max{ M4, A) + B

FQ Algorithm (cont)

& (One complication: inactive fows are penalized
(A = Fia)

= Over whal interval do you consider fairness?
- Standard algorithmn consbders no history
- Earh flow gets fair share while packets gueued

= Solution: H, — P+ max{F,_, A, —4)
= ¢ = interval of hislory to consider

Drop Policy: Random Early Detection (RED)

= Molification of congestion is implicil in Inbemet
- Just drops the paschet {TCF will Bmsecut)
- Could make cxplicit by sarking the packet
(FCN extension Lo [P allows rowlers o mark packets)

= Rarly random drop

- Dot wait for full queue o drop packet

- Instcad, drop packets with somc drap probabelity whenever
the qucue length cxceeds somc adrop kel

- Prevents global window synchronization: many TCF fows
gpoed up, all have packels dropped, all sbow dossn, o,

FQ Algorithm (cont)

= For multiple fows
- Cabrulabe F; for cach packet that arrives on cach: flow
- Trcat all Fys as tms=stam pe
- PBdeat packet bo ransmit is once with lowest limeslamp

= Mol perfect: can’l preempl current packel

= Example:
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Fair Queueing Importance

= “"Our packet-by-packel transmission algorithm is
simply defined by the rule that, whenever a packet
finizhes transmission, the next packet is the one
wilh the smallest 152"

= Bul, fair queveing not used in core routers: finding
min Fin hundreds of thousands of fows is
expensive. Can be used on edge roubers and low

speed kinks.

RED Details

s Compule averdge quene length
- Awglen — (1 — Weight) - Avglen | Weight - Samplel.en
- 0 = Woight = 1 {usmally GUNE)
= Samplelen is guewe length cach time a packel arrives
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