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Do WeReally Need Rule5?

2 ISACR Retentionareal problem?
2 Answer: It depends!

2 ACRretention P ACR>> SourceRate
b Sourcerate can go high any moment
P Long Queuelength if SACR > Available Bandwidth
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Five Sour ceConfigur ation

Sourcel
Sourceb Destination 5

«— 1000 km —»«— 1000 km —»}<«— 1000 km —»|

2 Alllinks155Mbps

2 All source bottlenecked at 10 M bps upto 200 ms
At t =200 ms, the sourcesare ableto usetheir full ACR
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Simulation Parameters

Q Source: Parameterssel ectedto maximize ACR
|ICR ={155.2 Mbps, 1 Mbps}
TBE = 4096 b Rule6 disabled
CRM (Xrm)=Min{ TBE/Nrm,PCR "~ FRTT/Nrm}
TDF={0, 1/8}
PNI={0, 1}
TOF=2
PCR =155.52 Mbps, MCR=0, RIF (AIR) =1, Nrm = 32,
Mrm=2, RDF=1/512, Trm = 100ms, CDF (XDF) =0.5,
TCR=10c/s

Q Traffic: Bi-directional, infinite. Source bottlenecked initialy.
2 Switch: ERICA modified

Target Utilization = 90%

Averaging interval = min{ 30 cells, 200 ns}
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Conclusion 1

2 ACR Retention can cause sudden queue growth of
(ACR-SourceRate)” Feedback delay © (Number of Sources-1)

2 Someform of Rule5isrequired

2 ACRRetentionevenfor asmall interval
b Switchesareexposedto “suddenarrivals’

2 Rule5 proposalsthat allow ACR retention for sometimeare
vulnerableto such “sudden arrivals’ during thosetimes

2 VCsthat disableRule5 (e.g., by setting ICR = PCR) can cause
such“suddenarrivals’

2 OnLANSs: Feedback delay islower than Inter-RM time
Network feedback arrivesfaster than source sending FRMs
P Rule5isnot required on LANS
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Rule5 Proposals

2 NoRule5
2 Baseline: AsinATM Forum 95-0013/R9
o Multiplicative headroom
o ACR=Max{ICR,ACR" T~ (1-TDF)}
2 October: Asproposed by Barnhart and Jain et al
o Additive headroom
o ACR=Max{ICR,ACR" (1-TDF)}
2 AF-TM 1614
o Additive headroom
0 ACR=Max{SR+ICR,ACR" (1-T/Tc)}
2 ThisProposal: M odification of our “ October” proposal
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Rule5 Design I ssues

2 Additive headroom vs multiplicative headroom

2 ActiononBRM:
How |ong should the feedback beignored after an
adjustment?

o Donotignore (asobtained by PNI = 1)
o Ignoreonce (asin baseline and other proposals)
0 Ignoreaslong asthereisany ACR retention
2 Floor of Reduction:
o ICR
0 Source Rate+ Headroom
2 Decreaseproportional to T vsfixed decrease

2 Doweneedtwo parameters? |CR and headroom
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MultiplicativevsAdditiveHeadroom

2 Multiplicativeheadroom b Large(ACR-SR) for some
sources b Largequeuegrowth possible

2 Additiveheadroom P ACR-SR sameregardlessof SR

2 Queuegrowth=(ACR-SR) ~ Feedback delay ~ # of sources
b Additive headroom providesabetter protection

A

ACR

ACR=TOF" SR

ACR=SR ACR
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Action on BRM

A s BRM FRM BRM FRM

IR A

Rate Rate

I Headroom N~ s ACR
Source Rate Source Rate

N > N >
Time Time

2 Shouldtheexplicit feedback increasesbeignored?
o Notignoringwill causeoscillations
o Ignoringoncestill causesoscillations

o Ignoreaslong assource hasnot used itspreviousACR
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Floor of ACR

FRM BRM FRM

v Moy

--------- Source Rate + headroom

.................... Headroom=I1CR
Source Rate

L

Rate

Time
2 ACR=Max{ICR,ACR(1-TDF)}

2 Forlarge TDF, ACR may bereduced below
Source ratet+headroom

2 Conclusion: Do not go below sourcerate + headroom
ACR =Max{ SourceRate+ headroom, ACR(1-TDF)}
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Our Proposal: Pseudocode

o At FRM Send event:

SR=Nrm/T;
ACR_ok = ((ACR<=SR)|(TDF==0.0));
|F (PR5 == False)

|F (ACR > SR + headroom)

ACR = Max(SR + headroom, ACR”~ (1.0- TDF));

ENDIF
ELSE | nitialization:

PR5 = False ACR_ok=True;

0 AtBRM ReceliveEvent: PR5 = False;

IF (NI =0 AND ACR_ok)
IF (ACR < ER) PR5 = True EL SE PR5=Fal s;

ACR=Min(ACR+AIR" PCR, PCR);

ENDIF _
ACR =Min(ACR, ER); ACR ok P VC hasuseditsACR

ACR=Max(ACR,MCR); | PR5P Network directedincr
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Key Features

2 SR = Source Rateisatemporary variable. It isnot stored
between successive execution of the code.

0 ACRformuladoesnot allow decreasebelow ACR +
headroom

2 ACR ok P SourceRateisat or above ACR
P NoACR Retention

0 PR5issetto“true’ on network directred increase and set to
“false” onall other BRMs

2 PR5=Prohibit next Rule5 decrease
b Ignorerule5 onceon next FRM
Named similar to“ Prohibit Next Increase (PNI)”

2 Sourcehasto useitscurrent allocation beforerising
(ACR_ok b Sourcehasused itspreviousallocation)
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Regionsof Operation

AA . Retention SbeNrgtrircT)]r?l A
Region
ACR A —— ACR
.- —ACR |
C.SR=ACR . IH cadroom
~/ D.SR>ACR Rate |c
(after adecrease) D Sourcs Rate
Time g Time
Trigger | ncrease Decrease
Rule5 On BRM OnBRM
A Yesunless PR5 No Yes
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Simulation Results:

Sour ceBottleneck Case

2 Queuelengthsarelargeif thereis“noruleb”
or if rule5isdisabled dueto high ICR

Q2 Ignoring feedback just once causesoscillations.
Network issusceptibleto large gueuesduring oscillations.
Our proposal eliminatessuch oscillations.

2 Oscillationscaused by low |CR inBaselineare eliminated
In our proposal.

2 Low headroom and high ICR isfeasible with our proposal.
2 Timeto converge dependsupon:

o TDF(Large TDF b Faster convergence)

o Inter-FRM cdl time
2 Continuousflow of BRMs P No protection dueto Rule 6
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Other Cases

2 Normal Rise
2 Short and long distance V Cs sharing the same switch
Q Bursty sources
o Metric = Number of burststransmitted per unit time
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Bursty Sources

2 Queueisnot aproblem for small/medium bursts

2 Any attempt toreduce/eliminate ACR retention will reduce
burst throughput

b Bursty sourceswant to retain ACR until they need it

2 Withour scheme, bursty sourcesare eventually allocated
ACR = average sourcerate + headroom
b headroom should be high for bursty sources
headroom should be aslow aspossiblefor infinite sources

0 Possiblesolutionsfor small bursts:

0 Use GCRA typeof burst tolerance mechanismto allow
small burstsat link rate

o Useasmall TDF
o Uselarger headroom
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Decreasea T vsFixed

2 For LANs: Tcissmall b 1/Tcislargep Decreaseistoo
large

2 For WANSs: TcislargebP 1/Tcissmall b Decreaseis
small.

2 OnWANSs, deasonable decreasesobtainedonly if T (time
between FRM sand idletime) islarge. Does not protect

against source bottleneck case (noidletime).
Moreopportunity for ACR retention.

2 Theissueisthat of decreasing every DT vsevery N cells

2 Tcdependsupon roundtrip time. The feedback delay
(round-trip between source and the bottleneck) affectsthe
performance morethan round-trip time.
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| CR Selection Guidelines

2 Usedjust once on connection setup

2 Equivalentto ERinthefirst RM cell
but availableright after the connectionisset up
Asif aBRM wastagged to “ Connect-Confirm” message.
2 For switches, ICR isashort term decision like any other
ACR

2 |ICR can be high or low depending upon current congestion
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Headroom Selection Guidelines

2 Longtermdecision
Appliesthroughout thelife of theVC
Theduration could be several years(for PV Cs)

Controls how much the sourcescan lie at any time
Determines how many cellsyou may receive at once
Must beaslow aspossible

Too low headroom isnot good for bursty sources

Recommended value= 10 M bps
AllowsLANEtraffic at full Ethernet speed
Usesmaller valuesfor WANSs

2 Sources, which have beenidlefor long, will send an RM
cell P Rule5will betriggered b Will start at headroom
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TDF Selection Guidelines

2 Determinesthe speed of convergence
Determinestheduration for which network issusceptibleto
burst arrival dueto ACR Retention

Larger value b Faster convergence
Should beashigh aspossible

L ow value preferred for bursty sources
TDF=0.0disablesrule5
Recommended value=1/8

4
4
4
4
4
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Key Featuresof Our Proposal

No oscillationsevenwhen ICR islow

No oscillationsduring normal operation

Less parameters: No TOF or PNI or Tc

Separates out therole of ICR and headroom
Oneparameter TDF can enabl e/disablethe scheme
Parametersare easy to select and negotiate

4
4
4
4
4
4
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M otion

2 Change pseudocode on page 74 section | .1 of R9 asfollowsand update
text and flow chart accordingly

o At FRM Send event:

SR=Nrm/T;
ACR ok=((ACR<=SR)|[(TDF==0.0));
|F (PR5 == False)
IF (ACR > SR + headroom)
ACR =Max(SR + headroom, ACR~ (1.0- TDF));
ENDIF I nitialization:
ELSE PR5 = F4d SE, ACR ok = True;

0 AtBRM RecelveEvent:
IF (NI =0AND ACR_ok)
IF (ACR < ER) PR5 =TrueEL SE PR5=Falsg;

ACR=Min(ACR+AIR ~ PCR, PCR);
ENDIF
ACR=Min(ACR, ER);
ACR=Max(ACR, MCR);
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Summary

2 Rule5isrequiredfor largeburstsor ACR retaining infinite
sourceson WANSs

2 ACRretention, evenfor ashort duration, can be dangerous.

2 ICRand headroom havedifferent roles.
Headroomisalong term commitment and should be

allocated conservatively.
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