FC

Quantum Flow ControlQuantum Flow ControlEnabler for ABR ServiceEnabler for ABR ServiceThis document may be freely distributed as long as the contents are not altered.Copyright QFC Alliance 1995'

FC

What is ABR Service?What is ABR Service?uuDefined for LAN data applicationsDefined for LAN data applicationsssLoad executable programsLoad executable programsssWrite and retrieve application dataWrite and retrieve application datassCopy data filesCopy data files

FC

LAN ApplicationsLAN ApplicationsuuTransaction orientedTransaction orientedssUser or applications triggers transactionUser or applications triggers transactionssApplications transfer dataApplications transfer datassCompletion is first visible resultCompletion is first visible resultllNot sensitive to delay varianceNot sensitive to delay variancell

But no tolerance for data loss

But no tolerance for data loss

FC

ABR Service DefinitionABR Service DefinitionuuABR as defined by LANE (94-0533) ABR as defined by LANE (94-0533) & IETF (RFC 1754)& IETF (RFC 1754)ssNo spec of min or max bandwidthNo spec of min or max bandwidthllApplications ready - want infiniteApplications ready - want infinitellApplications not ready - want nothingApplications not ready - want nothingssAs simple as possible

As simple as possible s s Instant access to bandwidth by applications

Instant access to bandwidth by applications

Cell Loss Rate ~3x10 -8 -8 for 1.5K byte PDU

for 1.5K byte PDU

and 3x10

and 3x10 -9 -9 for 18K byte PDU

for 18K byte PDU s s Point-to-point & point-to-multipoint

Point-to-point & point-to-multipoint s s Goal is no CAC rejection

Goal is no CAC rejection

FC

ABR Service DefinitionABR Service DefinitionuuMore ABR service requirementsMore ABR service requirementsssEfficient use of available bandwidthEfficient use of available bandwidthssGoal of 100% goodputGoal of 100% goodputssMust not impact CBR, VBRMust not impact CBR, VBRssFair access to bandwidth among peersFair access to bandwidth among peersl l Equivalent to Ethernet and Token Ring

Equivalent to Ethernet and Token Ring

FC

Key to ABR ServiceKey to ABR ServiceuuTransaction time is keyTransaction time is keyssSending application just wants data out ASAPSending application just wants data out ASAPssReceiving application just wants data in ASAPReceiving application just wants data in ASAPssSwitches should forward data ASAPSwitches should forward data ASAPssData = cellsData = cellss s Everybody move cells ASAP

Everybody move cells ASAP l l

FC

ABR ServiceABR ServiceuuConditions required to move cellsConditions required to move cellsssCell slots available for ABRCell slots available for ABRllWhatever�s left after CBR, VBRWhatever�s left after CBR, VBRllOutside control of ABROutside control of ABRssBuffersBuffersl l Transmit cells buffered and ready to send

Transmit cells buffered and ready to send l l l Dependent on ABR control mechanism

Dependent on ABR control mechanism

FC

ABR ServiceABR ServiceuuABR control challengeABR control challengessHave a buffered cell ready on transmit end and a Have a buffered cell ready on transmit end and a free buffer on receive end anytime a free cell slot free buffer on receive end anytime a free cell slot comes along - all along the VC pathcomes along - all along the VC pathEffective ABREffective ABREffective BufferEffective BufferManagementManagement==

FC

ABR ServiceABR ServiceSounds simple ... but ...Sounds simple ... but ...

FC

ABR Cell SlotsABR Cell SlotsuuCell slot availability varies wildlyCell slot availability varies wildlyssABR left with whatever CBR, VBR don�t useABR left with whatever CBR, VBR don�t usessCBR connections come and goCBR connections come and gossCBR data rates can vary tooCBR data rates can vary toollNon-constant mission critical data often sent Non-constant mission critical data often sent through guaranteed CBR pipe

through guaranteed CBR pipe s s VBR is expected to vary, and it does

VBR is expected to vary, and it does

Difficult to predict when ABR cell slots will

appear or how many

appear or how many

FC

Cells Available For ABRCells Available For ABRUsed byCBRAllocated tobut unusedby CBRUsed byVBRNeither allocatedto CBR nor usedby VBRTime

Total

Cell Slots

= VBR= CBR= Available for ABR

FC

Cells available For ABRCells available For ABRssThese are the cell slots, i.e. bandwidth, that ABR These are the cell slots, i.e. bandwidth, that ABR has to work withhas to work withssABR must control bursty data over thisABR must control bursty data over thisTime

Cell Slots for ABR

FC

Buffer ManagementBuffer ManagementuuRequirementRequirementssWhen a buffer is free, move a cell into it at the When a buffer is free, move a cell into it at the earliest available link cell slotearliest available link cell slotuuRequiredRequiredssThe very best buffer informationThe very best buffer informationssThe most effective feedbackThe most effective feedback

FC

Buffer ManagementBuffer ManagementuuTwo kinds of buffer informationTwo kinds of buffer informationssBuffer stateBuffer statellTotal and free buffer countTotal and free buffer countllReceiver always knows exactlyReceiver always knows exactlyssCell RateCell Ratel l How fast buffers are being filled

How fast buffers are being filled l l l Average of cell or buffer counts over time

Average of cell or buffer counts over time u u Integration accumulates errors over time

Integration accumulates errors over time l l Current and accurate only under steady state

Current and accurate only under steady state

FC

Buffer ManagementBuffer ManagementuuTwo feedback mechanismsTwo feedback mechanismsssEnd to endEnd to endllLongest feedback delayLongest feedback delayllBest for controlling source station rateBest for controlling source station ratellNot effective for controlling across linkNot effective for controlling across links s Hop by hop

Hop by hop l l l Best for controlling across link

Best for controlling across link l l Feedback propagates back to source station

Feedback propagates back to source station

FC

Buffer ManagementBuffer ManagementuuTwo localizations of controlTwo localizations of controlssPer portPer portllEasy to protect against buffer pool overflowEasy to protect against buffer pool overflowllInherent sharing of buffer poolInherent sharing of buffer pooluuOptimal buffer utilizationOptimal buffer utilizationl l Can�t provide fairness

Can�t provide fairness s s l Needed to assure fairness

Needed to assure fairness

FC

Quantum Flow ControlQuantum Flow ControluuCombines all the best elementsCombines all the best elementsssBuffer state informationBuffer state informationssHop by hop feedbackHop by hop feedbackssBoth per port and per VC controlBoth per port and per VC control

FC

Quantum Flow ControlQuantum Flow ControluuDelivers best resultDelivers best resultssInstant full bandwidthInstant full bandwidthssNo congestion related cell lossNo congestion related cell lossssMinimal control overheadMinimal control overheadssFairnessFairnessss

Scaleability

Scaleability s s

FC

Quantum Flow ControlQuantum Flow ControluuComplete solutionComplete solutionssAutomatically configuresAutomatically configuresssMinimal ATM signalingMinimal ATM signalingllSupportable with UNI 3.0, 3.1, 4.0 signalingSupportable with UNI 3.0, 3.1, 4.0 signalingssSelf policingSelf policingss

Point-to-point & point-to-multipoint

Point-to-point & point-to-multipoint s s s Tunnel through CBR VPCs

Tunnel through CBR VPCs

FC

Quantum Flow ControlQuantum Flow ControluuCompatible SolutionCompatible SolutionssWorks with ATM Forum ABR flow controlWorks with ATM Forum ABR flow controlllQFC links are transparent in ATMF ABR pathQFC links are transparent in ATMF ABR pathllQFC protects ATMF ABR from cell lossQFC protects ATMF ABR from cell lossllQFC enables faster ATMF ABR startupQFC enables faster ATMF ABR startupl l QFC minimizes transient effects

QFC minimizes transient effects l l

FC

Quantum Flow ControlQuantum Flow ControlDeploymentDeployment

FC

Incremental DeploymentIncremental DeploymentuuNo forklifts neededNo forklifts neededssIncrementally add QFCIncrementally add QFCssEach new QFC link improves performanceEach new QFC link improves performancellEnd-to-end consistency unnecessaryEnd-to-end consistency unnecessary

Legacy Fabric QFC

FC

Protect UBR InvestmentProtect UBR InvestmentuuQFC fabric coreQFC fabric coressCreates high performance, zero loss coreCreates high performance, zero loss corellEnd-to-end QFC not requiredEnd-to-end QFC not requiredssUBR links mostly retain their original loadUBR links mostly retain their original loadllUBR still functions as beforeUBR still functions as beforell

UBR investment protected

UBR investment protectedFCCore FabricUBRUBR

FC

ATMF ABR Over QFCATMF ABR Over QFCuuQFC links are transparent to ATMF ABRQFC links are transparent to ATMF ABRssQFC switches pass ATMF RM cellsQFC switches pass ATMF RM cellsllCan mark per VC under downstream congestionCan mark per VC under downstream congestionssQFC destinations turn around ATMF RM cellsQFC destinations turn around ATMF RM cellsuuQFC links are well behavedQFC links are well behaveds s Handle transient conditions without cell loss

Handle transient conditions without cell loss s s ATMF ABRQFC

QFCQFC

FC

Point-to-multipointPoint-to-multipointuuQFC makes multipoint straightforwardQFC makes multipoint straightforwardssEach link is independentEach link is independentssMultipoint-to-point feedback not requiredMultipoint-to-point feedback not requiredssSwitch scheduler couples segmentsSwitch scheduler couples segmentsssZero loss across linksZero loss across linkss s All topologies supported

All topologies supported l l l Point-to-Multipoint

Point-to-Multipoint l l Multipoint-to-point

Multipoint-to-point l l Multipoint-to-multipoint

Multipoint-to-multipoint s s No impact as leaves added

No impact as leaves added

FC

Quantum Flow ControlQuantum Flow ControlTechnical OverviewTechnical Overview

FC

Full Spec AvailableFull Spec AvailableuuComplete spec available to publicComplete spec available to publicssftp://nexen.com/pub/qfc/ftp://nexen.com/pub/qfc/ssftp://ftp.qfc.orgftp://ftp.qfc.orgsshttp://www.qfc.orghttp://www.qfc.org

FC

Link DefinitionLink DefinitionuuFor control, links are unidirectionalFor control, links are unidirectionalssEach direction treated as separate data streamEach direction treated as separate data streamssEach direction controlled independentlyEach direction controlled independentlyuuEach direction has a transmit end and Each direction has a transmit end and a receive enda receive endssData from transmit end to receive end

Data from transmit end to receive end s s Feedback from receive end to transmit end

Feedback from receive end to transmit end

FC

Link DefinitionLink Definition

Data CellsFeedback Cells

ReceiveendTransmitend

FC

Counters & VariablesCounters & VariablesuuTransmit end (for link and per VC)Transmit end (for link and per VC)ssCells transmittedCells transmittedssCells forwarded by receiver, per feedbackCells forwarded by receiver, per feedbackssMaximum allowable transmitted & unforwardedMaximum allowable transmitted & unforwardeduuReceive end (for link and per VC)Receive end (for link and per VC)s s Cells received

Cells received s s s Minimum cells before sending feedback

Minimum cells before sending feedback u u Buffers

Buffers

Committed

Committed

Cells Transmitted

Cells Transmitted = = minus

minus

Cells Forwarded

Cells Forwarded

FC

Counters & VariablesCounters & VariablesuuLink counters protect link receive Link counters protect link receive buffers from overflowbuffers from overflowuuPer VC counters provide fairness and Per VC counters provide fairness and prevent blocked VCs from impacting prevent blocked VCs from impacting unblocked VCsunblocked VCs

FC

Operational ConceptOperational ConceptuuUse every available cell slot whileUse every available cell slot while committed buffers less than maximum committed buffers less than maximumssNo transmit pacingNo transmit pacingssNever overrun receive buffersNever overrun receive buffersuuReturn free buffer information faster Return free buffer information faster than buffers are usedthan buffers are useds s No performance loss from control mechanism

No performance loss from control mechanism

FC

Control & Feedback CellsControl & Feedback CellsuuControl cellsControl cellsssInitialization (ACP)Initialization (ACP)llMeasure link propagation timeMeasure link propagation timessBuffer State Limit (BSL)Buffer State Limit (BSL)llCommunicate max allowable in-use buffersCommunicate max allowable in-use buffersss

Buffer State Check (BSC)

Buffer State Check (BSC) l l u Feedback cells

Feedback cells s s Buffer State Update (BSU)

Buffer State Update (BSU) l l Report forwarded cells

Report forwarded cells

FC

Feedback QuantizationFeedback QuantizationuuForm feedback record once per Form feedback record once per forwarded cell count �quantum�forwarded cell count �quantum�uuPack feedback records into BSU cellPack feedback records into BSU celluuBalance feedback overhead vs buffersBalance feedback overhead vs buffersssPack up to 7 feedback records per BSU cellPack up to 7 feedback records per BSU cellssPack one record each �quantum� forwarded cells

Pack one record each �quantum� forwarded cells s s Send BSU cell when fully packed

Send BSU cell when fully packed

Allowed �quantum� values guarantee

instantaneous full data rate with less than 7.5%

instantaneous full data rate with less than 7.5%

control overhead

control overhead

FC

Feedback CellsFeedback Cells

Up to 7 recordsper BSUOne recordper�Quantum�forwardedcellsUp to 7 times �Quantum�forwarded cells per BSU

Data CellsFeedback Cells

ReceiveendTransmitend

FC

Buffer SharingBuffer SharinguuLimit on committed buffers per link Limit on committed buffers per link protects buffer poolprotects buffer poolssPermits over-booking with no danger of overflowPermits over-booking with no danger of overflowuuLimit on committed buffers per VC Limit on committed buffers per VC protects against unfair buffer usageprotects against unfair buffer usagessHigh level of sharing with no per VC performance High level of sharing with no per VC performance impact

impact

FC

Buffer SharingBuffer Sharing

10,0008,0006,0004,0002,0001,0002,0003,0004,000

Supported VCs

Cell BuffersExample: Buffers per VC with 90% Sharing (If less then 10% of supported VCs are blocked, full link rate will be instantly available to any unblocked VC)

FC

Buffer SharingBuffer SharinguuAmount of sharing needed depends on Amount of sharing needed depends on % of VCs with downstream blocking% of VCs with downstream blockingssExample:Example:2000 defined VCs2000 defined VCs90% sharing (i.e. 10 times overbooking)90% sharing (i.e. 10 times overbooking)As long as less than 200 VCs are downstream As long as less than 200 VCs are downstream blocked, any VC can get instant access to full blocked, any VC can get instant access to full bandwidthbandwidth

FC

Buffer SharingBuffer SharinguuNeed for buffers is greatly diminished Need for buffers is greatly diminished by buffer sharingby buffer sharingssLess buffers = lower costLess buffers = lower costuuQFC very amenable to sharingQFC very amenable to sharingss90 - 95% buffer sharing typically possible with no 90 - 95% buffer sharing typically possible with no degradation due to flow controldegradation due to flow controls s 10x - 20x buffer memory reduction

10x - 20x buffer memory reduction u u QFC provides highest performance at

low cost