LR R R R R R R R R I R R R I R R I I R R I

ATM For um Docunment Nunber: ATM For uni 95- 1660

EE R I I I I I I I I I R I I S I R I I S R R I R S R I R R I O I R

Title: A Fix for Source End SystemRule 5

khkhkkhkhkhhkhkhhhkhhhkhhhkhhhhhhhhdhhhhhhhhhhhhhhhkhhhkhhhhhhhhhhhdhhhkhdhkhdhrkkdrkkx*x*x

Abstract:

In the October 1995 neeting of the ATM Forum it was found that
source end systemrule 5 does not handle ACR retention probl em
correctly. It causes undesirable oscillations in many cases and
significantly reduces the perfornmance of the bursty sources. In
this contribution, we analyze the solution that was proposed in
Cct ober 1995 neeting and finally present a better solution
While the case of small bursts needs to be tackled, the rule
works well for other sinple configurations.
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Notice: This contribution has been prepared to assist the ATM
Forum It is offered to the Forumas a basis for discussion and
is not a binding proposal on the part of any of the contributing
organi zati ons. The statenments are subject to change in form and
content after further study. Specifically, the contributors
reserve the right to add to, amend or nodify the statenments
cont ai ned herein.
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Source Rule 5 was originally intended to avoid ACR Retention, a
phenomenon where the source sends at a rate lesser than the
assigned ACR but may suddenly use its ACR causing queues in the
network. The solution is for the sources to automatically reduce
ACR to to be close to their actual source rates.


Raj Jain
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In the Cctober 95 neeting, one of the suggestions for Rule 5 (by
Barnhart, Jain et al) was to renove the dependency of the Rule 5
decrease on T, the tinme since the |ast FRMwas sent. That is, the
formul a

ACR = ACR - ACR* T * TDF
was to be repl aced by:
ACR = ACR - ACR * TDF

and the multiplicative Tof in the triggering condition was to be
repl aced by an additive factor, I1CR Hence, instead of

ACR ok = (ACR > ICR) .and. (T <= Tof *Nrnmf ACR)
we have

ACR ok = (ACR > ICR) .and. (T <= Nrnmf (ACR - ICR))

We experimented with the new proposal and found that it works
nmuch better than the original Rule 5. However, it resulted in
continuous oscillations. Once the source reaches the safety
region after a series of Rule 5 drops i.e. ACR < Source Rate +
ICR, an ER feedback can imediately bring the ACRto a high
val ue. This can happen even with Rul e 5b which ignores ER just
once. So, there is oscillation between ER and desired val ue of
ACR. W solved this problemby continually applying rule 5b
unl ess the source does use all of its allocation

Second ninor problemwas that there were unnecessary oscillations
during nornal rise froma low ACRto a high ACR even in the
absence of ACR Retention. This is because the Source Rate assunes
a transient value (which is sonewhere between the old ACR and the
new ACR) during nornal rise and this is confused to be ACR
Retention. This can be easily solved by introducing a bool ean
variable called PR5 that prohibits rule 5 for one RMinterval
after a normal rise.

Third m nor problemwas that the following two statements in the
oct ober proposal

ACR
ACR

ACR - ACR*TDF
Max( ACR, headr oom

can reduce ACR bel ow source rate if ACRis initially above
headroom (I CR in october proposal) but TDF is |large so that ACR

i s reduced considerably. W solve this by conbining the two Iines
and repl aci ng them by

ACR = Max(ACR*(1-TDF)), SRt+Headroon)

Finally, we noticed that in the proposal ICR also plays the role
of "headroom" Here, headroomis defined as the maxi mum al | owed
di f ference between the ACR and the actual source rate Nk T. |f
the difference ACR-Nrm T exceeds the headroom rule 5 triggers.
The considerations for setting this headroomoptinmally are very
different fromthose for setting "initial cell rate" and so the
pseudocode proposed here uses two different paraneters for these
two different roles. This discussed further later in this
contribution under parameter setting guidelines.



Before readi ng the foll ow ng pseudocode, please realize that
source rate SRis a tenporary variable and is not stored between
successi ve executions of the code.

A LR Sending FRM: New Rule 5a -------------- */

SR = NNMT;

ACR ok = ((ACR <= SR) || (TDF == 0.0));

| F (PR5 == FALSE)

IF (ACR > SR + headroom
ACR = Max(SR + headroom ACR*(1.0 - TDF));

ENDI F
ELSE
PR5 = FALSE
R T Receiving BRM: New Rule 5b -------------- */
IF (Nl = 0 AND ACR _ok)
IF (ACR < ER) PR5 = TRUE;
ACR = Mn(ACR + AIR * PCR PCR);
ENDI F

ACR = M n(ACR, ER);
ACR = Max(ACR, MCR);

A L initialization ------------------- */
ACR ok = TRUE
PR5 = FALSE

Expl anat ory Not es:

1. The ACR decrease formul a does not all ow a decrease bel ow SR +
headroom Thus, sources are allowed to keep ACR anywhere between
SR and SR+Headr oom

2. Wien the source is ready to rise, it has to use its current
ACR before rising further.

3. ACR ok is not used in the Rule 5 test. The test depends only

upon the ACR, SourceRate and the headroom ACR ok is set to true
when the source rate is at | east ACR Increase of ACR (ACR < ER)
is not allowed when ACR ok is false.

4. The PR5 (Prohibit Rule 5) bit forces Rule 5 to be ignored once
when there is a normal increase.

5. The NI = 0 in the condition takes care of the EFCl based
switches. For nornal decrease or during ACR Retention, there is
no need to add AIR since we are not going to increase ACR using
this value of ER

Basically, we divide the operation into four regions:
A. ACR above source rate+headroom

B. ACR between Source rate and source rate+headroom
C. ACR is equal to source rate

D. ACRis less than the source rate

Region Ais where there is the problemof "ACR Retention." This
is the triggering condition for Rule 5. As long as the source
remains in this region, rule 5 continually triggers.



Region B is the nornal region of operation. Rule 5 does not
trigger. Once a systementers this region, the ACR generally
remains fixed. Explicit increase feedbacks fromthe network are
i gnored until the source uses up its past allocation and hence
nmoves to line C. This prevents oscillations.

Region Cis acually a straight line. Region D happens generally
during normal decrease. Only when the source uses up the past
allocation (that is it is operating in Region Cor D), it is
allowed to use explicit increase feedbacks fromthe network.

Region B acts as a hysterisis zone to prevent continuous
oscillations. In this zone, ACRis held constant. The source is
required to ignore explicit increases (ACR ok remains false).

SI MULATI ON RESULTS:

We present sinulation results for the followi ng four alternatives
for various configurations:

1. Norule 5
2. Baseline Rule 5 as in AF-TWMB5-0013R9

3. Oct Rule 5 as tentatively proposed by Barnhart and Jain, et a
in Cctober neeting

4. New rule 5 as proposed here

Figures 1 through 4 included in part 2 (PostScript) of this
contribution show ACR, actual source rates and queue | engths for
a network consisting of five ABR sources going through two

swi tches to corresponding destinations. Al simulation results
use ERICA switch algorithm[1,2]. Al links are 155 Mops and 1000
kmlong. All VCs are bidirectional, that is, D1, D2, through D5
are also sending traffic to S1, S2 through S5.
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[SZ]--\tI I I I;/--[DQ]
[S3]----] Switch 1 [---------c"c--" [Switch 2|----[D3]
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The foll owi ng paraneter val ues are used:

PCR = 155. 52 Mops

MCR = 0 Mpbs

I CR = {155.52 Mops, 1 Mops} (Two val ues)
RF (AR =1

Nrm = 32

Mm= 2

RDF = 1/512

Crm= Mn{TBE/ Nrm PCR*FRTT/ Nrn}

TOF = 2

Trm = 100 ns



FRTT = 30 ns

TBE = 4096 (Rule 6 is effectively disabled)

CDF (XDF) = 0.5

TDF = {0, 0.125} = {0 => No rule 5, 0.125 for all versions of rule 5}
PNl = {0, 1} = {1 => No rule 5b, O0=>Rule 5b for baseline and oct rule 5}
TCR = 10 c/s

The sinmulation is run for 400 ns. For the first one-half (200

ns), the VCs are bottl enecked (probably because of other VCs from
that source) at 10 Mops. The systemis underl oaded and asks al
sources to increase. The ER for all sources is high. At t=200 s,
the situation changes. Al sources are able to use their
allocated ER. In all these graphs we have set XRMto 128 which
ensures that rule 6 is not triggered. This avoids the
oscillations and reductions caused by rule 6, which are the

subj ect of another contribution

Figure 1 shows ACRs and Source rates for the four alternatives
studied. There are six lines in each graph consisting of five
ACR val ues and one source rates. Since all five sources are
identical, the curves lie on the top of each other. Notice that
with rule 5 and baseline rule 5, the ACR can be high (conpared to
source rate). Wth GCct rule 5, the ACR comes down to source rate
pl us headroom Here headroom val ue of 1 Mips was used. However,
after ignoring one explicit feedback fromthe network (rule 5b),
it junps back to the rate sent by the network and thus oscillates
bet ween approxi mately 30 Mops and 11 Mops. The new rul e 5 does
not have these oscillations.

Figure 2 shows queue lengths for the four alternatives depicted
in Figure 1. Notice that tinme t=200 ns, the sources start using
their high ACR and the queue | ength suddenly grows with no rule 5
and baseline rule 5. The oct rule 5 and the current rule 5 do not
have this problem The ACR and source rates are close to each

ot her and the queue never goes over 5.

Figure 3 show the sane information (ACR and source rates) as
Figure 1 for ICR of 1 Mips. Notice that baseline rule 5 causes
oscillations. This problemis well known and was pointed out in
[3,4,5,6]. October rule 5 oscillates between the goal and the
net wor k feedback. The new rule 5 does not have this problem

Figure 4 show the queue |lengths for the low ICR cases. Notice
that no rule 5 and baseline rule 5 again result in |arge queues
(even though ICRis low). Cct rule 5 and newrule 5 1imt the
gueue length to 5.

In our ATM forum presentation, we will present an extended set of
simul ations with several paraneter values and traffic patterns.

We have found that the proposal solves the ACR retention probl em
for all cases except small bursts. Wth small bursts, the
averaged source rate is rather small and hence ACR conmes down to
headroom There are three solutions:

1. Use a GCRA type of burst tolerance nmechanismto |let themgo at
PCR even when ACRis low 2. Use a snmall TDF 1/64 3. Ask for a

| arger headroom and possibly linit CIF (TBE). [To be studied]
PARAVETER SELECTI ON GUI DELI NES

1. Initial Cell Rate:



As proposed here, ICR is used only during the VC setup and before
the return of first RMcell. It does not have any |onger term
inmplication. Switches can set ICR to any val ue dependi ng upon
their current traffic. Subsequent feedback bring the rates to
what ever is optinmal later. For exanple, |ICR = 155 Mops nmay be
acceptabl e in many networks.

2. Headroom

The headroom controls "how much the sources can lie." Mst
switches will want this to be small. The system operates
acceptably even if headroomis set to O+ (very slightly above
zero). The headroomis a conmitnent for the entire duration of
the VC, which can be a long interval.

For many switch algorithns, the headroomw || determine the
maxi mum queue size after the ACR retention phase is over.
Therefore, nost switches will want to be conservative in setting
headr oom

For snall bursts, the headroom al so controls the average
t hroughput over a long interval. Such sources can benefit froma
hi gher headr oom val ue.

Based on these tradeoffs, we recomend a default headroom val ue
of 10 Mops. This will allow Ethernet frames (1518 bytes = 32
cells or less) to always go at their expected Ethernet rate.

Anot her flexibility with a separate headroom paranmeter is that it
can be used to enable/disable rule 5. If headroomis 155 Mops,
rule 5 is effectively disabled. There is no need for PN

However, we found that operation with high headroomcan lead to

| arge queues. Most network administrators will want to keep this
new rul e 5 enabl ed.

3. TDF:

This paraneter controls the tinme to converge from"ACR Retention"
to "No ACR Retention" phase. Larger TDF gives faster convergence.
For infinite sources, we found that TDF=1/2 gives the best
performance. However, for bursty sources, the average source
rate is small and rule 5 causes undesirabl e decreases and so
snal | er value of TDFs give better throughput. We reconmend using
a default value of 1/8.

A FURTHER SI MPLI FI CATI ON OF THE PROPOSED RULE 5:

We have experinmented with nmany different variations of the
proposal. Sone were nore conplex while others were sinpler
Sinplifications, in general, lead to sacrificing performance in
sone cases. One such sinplification, with only slight reduction
in performance, is present bel ow

In this sinplification, we renove the lines using the PR5 bit.
The sinplified pseudo code is given bel ow.

R Sending FRM: New Rule 5a without PR5 ---------- */

SR=NMT;
ACR ok = ((ACR <= SR) || (TDF == 0.0));

IF (ACR > SR + headroom
ACR = Max(SR + headroom ACR*(1.0 - TDF));
ENDI F



[* - - Receiving BRM: New Rule 5b -------------- */

IF (Nl = 0 AND ACR ok)
ACR = Mn(ACR + AIR * PCR PCR);
ENDI F

ACR = M n(ACR, ER);
ACR = Max(ACR, MCR);

A initially ------------------- */
ACR ok = TRUE;

Thi s code causes oscillations during nornal rise. The size of the
oscill ations depends upon the TDF paraneter. Larger val ues of

TDF, cause larger oscillations. Fortunately, unlike the origina
rule 5, these oscillations die out fast. Recall that the origina
rule 5 (as in 95-0013R8 and before) caused persistent
oscillations for small values of ICR Thus, even the sinplified
rule 5 is better than the original rule 5.
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