Internet Quality of Service

CSE 791

Fall 1999

What does QoS Mean?

l

Three things people talk about:

F latency: how ^long~ is the pip e

F ban dwidth : how ^big~ is the pipe

F jitte r ra te: how ^smooth~ is the pipe

l

Each constraint has different impact on

communication

Who Wants QoS ?

l

People with streaming data

F

voice o ve r IP

F

video over IP (re me mb er vide o o n d emand? )

F

multimedia (e.g. ga me s) l

People buyingservice froma backbone

ISP

F

intrane ts for larg e corp orations reselle rs of service to those in category 1

Latency

l

Remember, light takes ~1/30second (33

msec ) for a roundtrip of the USA

l

That´s an absolute bound that we can´t

beat

l

Many applications are happy withRTT

in the hundreds of milliseconds

F

200 msec is the ^magic number~ for

interactive ga me s.

Bandwidth

l

We can gang together (aggregate)

routes toget more bandwidth

l

Various speeds:

F

T1/DS- 1: 1.544 Mbps

F

T3/DS- 3: 45 Mbps ( 30 x T1)

F

OC-3c: 155 Mbps ( our link o ff campus)

F

OC-12 : 622 Mpbs ( the vBNS /Interne t II)

F

OC-24 : 1.2 Gbps (same as Myrinet )

QoS in the LAN: ATM l

ATM= Asynchronous Transfer Mode l

Based on small, fixed-sized packets called ^cells~ (5 + 48 = 53 octets) l

No link-by-link error or flow control

F

recoil in horr or: ^What? No flow co ntro l?~ l

Basic concepts:

F

virtu al cha nnel virtu al path

Virtual Channels and Paths l

Virtual Channel:

F

set up between two en d u ser s

F

variab le r ate of p ackets ar e switche d a long this rou te

F

all commu nicatio n must h ave a VC l

Virtual Path

F

gro up of VC with the same endp oints

ATM QoS Parameters

l

Spe ed

F

Peak Cell Rate (PCR)

˘ maximum at which cells will

be sent

F

Sustained Cell Rate (SCR)

˘ long-termaverage cell rate

F

Minimum Cell Rate (MCR)

˘ minimumacceptable cell

rate l

Var iati on

F

Cell Delay Variation

Tolerance (CVDT)

˘ maximum acceptable jitter

l

Measured by Re ce iver

F

Cell Loss Ratio (CLR)

˘ percentage lostor late

F

Cell Transfer Delay (CTD)

˘ mean and max latency

F

Cell Delay Variation (CDV)

˘ variance in delivery times

ATM Levels of Service l

Constant Bit Rate (CBR)

F

acts like copper wire or fiber

F

no flow control

F

useful for real-time audio & video

F

Example: T1 circuit l

Variable Bit Rate (VBR)

F

Real-Time VBR

˘ useful for videoconferencing

F

Non-Real-Time VBR

˘ small delay is ok, but deliver

ASAP

˘ e.g. multimedia e-mail

l

Available Bit Rate (ABR)

F

Variable bandwidth

F

^I need minimumof 5 Mbps , and as much as 10 Mbps~

F

E.g. browsing the web l

Unspecified Bit Rate

(UBR)

F

whatever´s left

F

best-effort delivery,no promises

F

like IP delivery over ATM

What Have We Learned?

l

Different classes of service seems like a

good model.

l

The TCP/IP protocol suite is excellent

for inter-process communication.

l

How canwe get levels of service into

TCP/IP?

QoS in TCP/IP

l

RSVP

F

ReSer vation reserVatio n Protoco l

l

IntServ

F

Inte grated Services

l

DiffServ

F

Differe ntia ted Se rvi ces

l

MPLS

F

Multi-Protocol Labe l Switching

DiffServ l

Differentiated Services l

Really a^Class ofService~ ( COS ) approach l

Use the TCP/IP Type ofService field;

renamed to the DS field l

64 different classes of service l

Routers make all decisions on a per-hop basis (not per flow!)

IntServ vs . DiffServ l

IntServ pr ovid es end -to -end assurances l

Based on concept o f flows l

Goo d for deli ver ing data ^to the core~

l

DiffSer v provide s per -hop assu rances l

Based on ind ivid ual links l

Goo d for use ^inside the cor e~

IntServ and DiffServ

l

Egress and Ingress routers: points at

which packets leave and enter a

particular network

l

Betweennetworks we need SLA

l

Can do traffic policing/traffic shaping at

borders (make sure incoming/outgoing

traffic conforms to agreement).

IntServ and DiffServ l

Both IntServ and DiffServ are ^level 3~ or

^layer 3~ technologies l

Refers to routing support int he OSI reference model.

l

But whatcan we do with lower level

(layer 2) supportat the network?

802.1p

l

IEEE standard 802specifies Ethernet

l

Various standards for plain Ethernet,

Fast Ethernet, and Gigabit Ethernet

l

802.1p specifies type-of-service fields

for Ethernet LANs, letting us do

something like DiffServ in the small.

MPLS

l

MPLS: Multi-Protocol Label Switching

l

Spans layer 2 and layer 3

l

One can set up flows throughthe

network (a la´ RSVP) and assign a label

to them

l

All packets for that route are marked

l

Routing is done quickly basedon labels

(markings)